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ABSTRACT 

Among the key concepts for the fulfilment of the quality requirements of a software product, and 
especially web-based systems, is usability. Heuristic evaluation (HE) is a widely used method for 
measuring web-based systems. To improve the effectiveness of the HE, several studies have 
sought to develop its heuristics and procedures. However, in their quest to develop this method, 
researchers have overlooked the importance of the user’s perspective. This is significant because 
more effective alternative methods, without reliance on expert evaluators, could be developed by 
integrating users’ and evaluators’ perspectives. Therefore, the aim of this study was to examine 
the impact of users on non-expert evaluator results within the HE process. To this end, three 
experiments were conducted. In all three experiments, the developed methods were examined in 
detail through two solid benchmarks in the usability engineering field, namely, the traditional HE 
method and the usability testing (UT) method. Several usability metrics were used to verify which 
method performed better than the traditional methods, and thus verify whether the objective of 
their development was achieved. In the first experiment, two user sessions, namely, a user 
exploration session (UES-HE) and a user review session (URS-HE), were proposed for 
application within the HE process and they were tested separately from each other. Meanwhile, 
instead of investigating the proposed user sessions in the HE process independently as in the first 
experiment, the second experiment aimed to examine the extent to which the results of the HE 
method were affected by the concomitant use of the two proposed user sessions in a single 
method, namely, US-HE. Finally, the third experiment assessed whether the HE method’s results 
were affected by the use of the proposed method in the second experiment collaboratively rather 
than the individual evaluation of non-expert evaluators.  

In the first experiment, analysis and discussion focused on the outcomes of the applied UEMs, 
namely, UES-HE, URS-HE, HE and UT. UES-HE was able to pinpoint a greater number of 
usability problems than the URS-HE and UT, and its output was nearly double the number of 
problems detected by the traditional method (HE). Additionally, although the URS-HE method 
tended not to perform better than the UES-HE method, it surpassed the latter in terms of reducing 
the number of false problems. To determine the correlation between sample size and the number 
of identified usability issues, discussion of the first experiment’s results also touched upon the 
matter of the 4±1 rule and the 10±2 rule. It was established that the latter rule had greater validity 
than the former. Based on these findings, it can be concluded that including a user session within 
the traditional method of HE significantly improves its performance. 

In the second and third experiments, analysis and discussion focused on the outcomes of the 
UEMs applied in those experiments, namely, US-HE, US-CHE, US-ICHE, HE and UT. US-HE 
allowed the detection of more usability problems compared to the UT, more than double the 
number of problems detected by HE and US-ICHE, and more than three times the number of 
problems detected by the US-CHE. US-HE also reduced the number of false problem reports. 
This was consistent with the first experiment’s results, which indicated that user sessions, 
especially user review sessions, contributed to reduce the false reporting of problems. US-CHE 
and US-ICHE not only took significantly less time than the other UEMs, but were also the least 
expensive in terms of financial cost per problem. Thus, where financial and time resources are 
limited, these methods represent alternative solutions. The matter of the number of participants 
required for the achievement of satisfactory results was also thoroughly addressed, revealing that 
the 10±2 rule had greater validity than the 4±1 rule. In line with these findings, it appears that 
different types of user sessions constitute an important factor that affects non-expert evaluators’ 
performance in the HE method. Moreover, the inclusion of two user sessions in one HE method 
offers superior results compared to the use of only one type of user session in the HE methods. 
These results will play an important role in supporting the creation and development of usability 
evaluation methods. In particular, by drawing on these results, these methods will have significant 
reliability for researchers who are interested in engaging users’ perspectives in the heuristic 
evaluation (HE). Thus, in view of this study’s results, usability researchers should focus on 
illuminating user roles in the HE method. In terms of this study’s contribution, it is the first to 
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present a comprehensive analysis of the way in which user session design affects non-expert 
evaluator outcomes of HE. Hence, the research has enriched the field of website usability 
evaluation, which – in turn – has provided valuable information about the utility and efficacy of 
UEMs. As such, these findings are expected to prove valuable for academics and practitioners in 
the HCI field.  
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1  INTRODUCTION 

1.1 Overview 

This chapter introduces the background of the research followed by the research 

procedures and definitions. The problem statement then clarifies the gaps in knowledge 

identified from a review of previous research associated with usability evaluation 

methods, and discusses the significance of the study and the motivation behind this 

research. After this, the research aims and questions are presented. This chapter also 

provides an overview of the research methodologies used in the research process. Finally, 

an outline of the thesis structure is presented, including a brief description of each thesis 

chapter. 

1.2 Background 

The modern world has undergone a remarkable Internet revolution, as the World Wide 

Web has become an indispensable part of people's everyday lives. This ubiquity has 

brought about a revolution in the way that people live by facilitating a range of activities 

and work. The Internet has the advantage of being able to provide services at any time 

and anywhere without geographical or temporal constraint. This rapid global 

development has facilitated the activities of people around the world by delivering 

information and services to users at all levels, whether public sector, including electronic 

government (e-government), or in the private sector, including electronic commerce (e-

commerce). 

The use of the Internet has also enabled traditional commerce to achieve greater financial 

returns and to cover larger markets, negating geographical boundaries. Among global 

users of the Internet in 2016, around 58% had made a purchase through the Internet, and 

this has been predicted to reach around 63% in 2019 (Statista, 2019). In addition, 

eMarketer (2016) predicted that the growth of e-commerce would continue to rise steadily 

between 2015 and 2020. However, Nielsen (1998) in an early study noted that nearly 90% 

of e-commerce websites suffered from weaknesses with regard to ease of use. 

In terms of e-government, the 2016 statistics gathered for a United Nations (UN) report 

indicated that all 193 UN member countries had created web-based e-government 

systems (UNDESA, 2016). This report also showed that 29 UN members were classified 

as very high in terms of the EGDI  (E-Government Development Index), with values 

ranging between 0.75 and 1.00; this is a large increase compared to the 10 members 
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classified in this way in 2003 (UNDESA, 2016; 2003). This demonstrates international 

governments’ attention to the creation of websites and online services as means of social 

development and their quest to take advantage of technology as much as possible. Again, 

however, Kirui and Baguma (2012) have pointed out that an underlying cause of failure 

for approximately 34% of e-government websites is lack of ease of use. 

The main part of the development of any website is the user interface. This acts as the 

intermediary between a user and the system; thus, a good website interface leads to good 

interactions between users and systems. Users feel comfortable when interfaces are easy 

to use and understand, and thus enable them to achieve their tasks with minimal 

frustration. 

In contrast, poor website user interfaces may lead to stress and unhappiness in users. 

Increasing user satisfaction with interfaces is thus related to better usability, and vice 

versa; thus, usability is considered to be a significant factor, impacting on user interaction 

and indicating the quality of a website. In this way, it plays a significant role in 

determining users’ satisfaction. Thus, improving the usability of web-based systems 

affects the interactions between the user and the system via the user interface. 

Chen (2012) stated that the success or failure of a system is significantly affected by its 

usability. This argument is supported by Sherman (2016), who stated that "In our personal 

lives, products with poor usability cost us time and energy". In addition, commercial 

websites may suffer from additional difficulties in the competitive environment due to 

poor usability (Osterbauer et al., 2000). Nielsen’s (2001) study showed the impact of 

usability on the e-commerce domain and reported that poor website usability is the reason 

behind the abandonment of 50% of sales websites. Similarly, nearly 39% of online buyers 

have failed to accomplish purchases online due to difficulty of use (Chen and Macredie, 

2005). 

Researchers have thus clearly shown that where there are weaknesses in usability, this 

generally results in considerable monetary loss, user dissatisfaction, and a waste of users’ 

time. They also show that this problem is still ongoing. This confirms that usability is the 

most important aspect of website quality. The significant spread of website products is a 

reason for the increased global demand for website development in terms of usability, 

and several methods have been developed by researchers to examine and evaluate the 

usability quality of websites. Usability evaluation methods (UEMs) are therefore a set of 

techniques that can be employed to ensure that a website is easy to use. 

Among the various UEMs, the heuristic evaluation (HE) method is the most commonly 

used tool for identifying usability problems1(Díaz et al., 2017; Jaspers, 2009; Rosenbaum 

et al., 2000), especially in the web domain (Paz et al., 2015b). This is because it is easy 

to apply, it is not difficult to learn, and it can be completed faster than other methods 

 

1 In this thesis, the words “usability problem” and “usability issue” are used interchangeably. 
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(Jaspers, 2009; Rusu et al., 2011; Rosenbaum et al., 2000). In addition, although it is a 

method used by expert evaluators, it can also be carried out successfully by non-expert 

evaluators (Baker et al., 2001; Friess, 2015; Kirmani and Rajasekaran, 2007; Äijö and 

Mantere, 2001; Nielsen and Molich, 1990; Chen, 2012; Holzinger, 2005). 

Greenberg et al. (2000) stated that “Heuristic evaluation is a rapid, cheap and effective 

way for identifying usability problems in single user systems”. The main goal of HE, or 

indeed any UEM, is to uncover as many usability problems as possible in the design of 

the user interface (Díaz et al., 2017). During HE procedures, the evaluator inspects the 

design of the user interface to find any potential usability problems using a list of 

principles called “heuristics”. This list acts as a tool to remind the evaluator about 

usability problem areas2 during the evaluation. 

1.3 Definitions 

This research concentrates on UEMs in general and more specifically on the HE method. 

In particular, it focuses on HE procedures and user sessions within these procedures.  This 

research is also concerned with the number of evaluators and users utilised in such 

procedures, and the use and improvement of usability metrics. 

All UEMs seek to uncover how easy it is to use a system’s interface; this is generally 

done by uncovering as many usability problems as possible early in development. The 

two best-known methods in the usability field are UT and HE. Both methods are adopted 

in this research, along with several improved methods for HE that are proposed by the 

researcher: UES-HE, URS-HE, US-HE, US-CHE, and US-ICHE. These improved 

methods are thus explained in more detail in Chapters 4 and 5. 

The term "user session" in this research refers to any session within the HE method that 

allows the evaluator to interact with a user who is using the product system. Such sessions 

can take on several different formats. In this research, the aim of a user session is to help 

the evaluator to understand the user's responses, either through user interaction with the 

website or by users expressing a viewpoint on problems discovered by the evaluator. 

Thus, two types of user sessions are proposed. The first type is user exploration sessions 

that allow the evaluator to explore and understand the users' needs and tendencies by 

giving the users a list of tasks and asking them to perform these tasks. A session of this 

type can help the evaluator to understand a user’s behaviour and methods of dealing with 

a website, and can thus help uncover real usability problems3. The second type is user 

review sessions, which allow the evaluator to check on a list of usability problems by 

discussing these problems with users. This type of session can also help the evaluator to 

 

2  In this thesis, the words “usability problem areas” and “categories of usability problems” are used 

interchangeably. 

3 In this thesis, the words “real usability problem” and “actual usability problem” are used interchangeably. 
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review the list of usability problems and to include new usability problems. Each type of 

user session proposed by the researcher was included within the procedures of the 

traditional HE method, and the resulting procedure was presented as a new method. These 

methods are: 

o UES-HE method tests user exploration session by combining them into a 

traditional evaluation design for the HE method. 

o URS-HE method tests user review session by combining them into a traditional 

evaluation design for the HE method. 

o US-HE method tests user exploration session and user review session by 

combining the two sessions into a traditional evaluation design for the HE method. 

o US-CHE method and US-ICHE method tests user exploration session and user 

review session by combining the two sessions into two different designs of 

collaborative evaluation of HE. 

However, these improved methods are thus explained in more detail in Chapters 4 and 5. 

The number of participants refers to the number of evaluators/users required in order to 

achieve the desired results of the evaluation method used. However, the issue of 

identifying what constitutes a sufficient number of evaluators/users is still a matter of 

debate among scientists. As mentioned in Section 2.4.1 , This issue is an important area 

of focus for researchers in the fields of usability engineering and HCI, principally due to 

its implications for assessment outcomes. Evaluators were recruited in all of the methods 

adopted in this research, with the exception of the UT method. Users were also recruited 

in all of the methods adopted in this research, with the exception of the HE method.  

Usability metrics refer to the metrics used to make a comparison between UEMs and the 

performance of each method. The three standard metrics used to assess a UEM’s 

performance are effectiveness, validity, and thoroughness (Hartson et al., 2003; Woolrych 

et al., 2005; Cockton et al., 2012) (see Section 2.4.3 and Section 3.4.8.5). In addition, the 

main metric is the number of usability problems discovered. Other examples of metrics 

are efficiency and problem severity, user/evaluator satisfaction, and cost of UEM. 

1.4 The scope of study 

In recent years, with increasing levels of digitisation and the rapid growth of internet use, 

user demand for dynamic website content has risen dramatically across global society. 

There are two main types of website; the first is static, which users cannot interact with; 

the second is known as interactive or dynamic, which encourages user interaction, or even 

depends upon it to function. Therefore, the second type constitute the target product that 

will be examined in this study. Moreover, the relationship between Web usability and 

other associated research areas, such as the human factor, web accessibility and user 

experience (UX) will also be considered in relation to this research. Human factor is 

defined by Salvendy (2012) as “the scientific discipline concerned with the understanding 

of the interactions among humans and other elements of a system and the profession that 
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applies theory, principles, data, and methods to design in order to optimize human well-

being and overall system performance”. However, Madsen (2016) quoted NASA’s 

definition, which describes the human factor as, ‘an umbrella term’ that covers various 

filed of research, which include, ‘human performance, technology design and human-

computer interaction.’ These definitions suggest that the human factor is concerned with, 

for example, enhancing human performance, or designing a product. However, this falls 

outside the remit of this study, and, therefore, is not considered here. In terms of user 

experience (UX), it is defined by Lecossier et al. (2017) as “all aspects of the user’s 

experience when interacting with the product, service, environment or facility”. Because 

the scope of this research is limited to an investigation of only one aspect described above, 

specifically, user interaction with the target product (the website) and does not concern 

user interaction with other elements such as environment and facilities, so user experience 

is out scope of this study. The third issue for consideration for the purposes of this study 

is web accessibility. This not only concerns the technology being used to engage with a 

website, but also the various characteristics of the user. For example, Dias et al. (2012), 

described other aspects of the experience as including the user’s abilities and their general 

skill level, as well as their motor and cognitive abilities, suggesting that all play a role. 

Therefore, accessibility is also linked to a user’s physical abilities, in that those with 

disabilities are not excluded, as Petrie and Bevan (2009) observed. A physically disabled, 

yet mentally able person, can, ‘perceive, understand, navigate and interact’ with the Web 

as easily as their able-bodied counterparts (Petrie and Bevan, 2009). However, the aim of 

this research is not to examine the possibilities for improving Web accessibility for 

disabled users because it needs medical knowledge, although the other aspects mentioned 

concerning accessibility in a wider context are relevant and will be considered. 

1.5 Problem statement 

A rapid spread of websites has accompanied the rapid increase in the number of Internet 

users. This has increased the demand for the development of systems to meet the needs 

of these users. Rivero et al. (2013) has pointed out that demand for software development 

is increasing in an unprecedented manner. System developers are interested in the 

interaction between the user and the user interface needed to provide an easy-to-use 

product for users. Therefore, they need a method of evaluating their product that enables 

them to measure the effectiveness and efficiency of the system, and the user satisfaction 

generated when the user interacts with the user interface; these factors, taken together, 

determine the quality of systems. A cornerstone of the development of any website is thus 

an assessment of usability. 

Previous studies have highlighted that usability, both bad or good, plays a pivotal role in 

the success or failure of website products, as  mentioned in Section 1.2. Thus, system 

developers must consider usability to be one of the most important factors influencing the 

user interface of web-based systems, and it also plays a significant role in determining 

users' satisfaction.  For this reason, several UEMs have been developed to measure levels 

of usability in terms of quality of experience. 
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Finding an evaluation method that can address all usability aspects is one of the most 

prominent issues for system developers. Researchers have not been able to agree on a 

single method as the best technique for all usability problems (Paz et al., 2015b). The 

main reason for this is that each method has both advantages and disadvantages. UEMs 

are applied to several different types of system products but  are mostly used on website 

domains (Guo et al., 2011). The most common UEMs used in web-based systems are UT 

and HE methods (Fernandez et al., 2011; Paz et al., 2015b); HE is the most popular 

technique among expert-based methods and UT is the most popular technique among 

user-based methods (Jaspers, 2009). More specifically, several studies have indicated 

that, among UEMs used to evaluate usability quality, HE is the most frequently applied 

technique (Díaz et al., 2017; Jaspers, 2009; Rosenbaum et al., 2000), especially in the 

web domain (Paz et al., 2015b). It is considered cheap because “it requires fewer 

resources than other methods” (Oracle, 2012), for example, it does not need an equipped 

laboratory or equipment for its implementation (Nielsen, 1995b; Preece et al., 2015), it 

does not require the recruitment of users and it can be implemented in a short time (Baker 

et al., 2001). Although the HE method as described is cheaper than the UT method, its 

results are prone to being affected by the opinions of the evaluators. On the other hand, 

UT results are derived from the user, and thus any results represent real problems; 

however, it is more expensive than the HE method because it requires a laboratory and 

facilities (Mueller et al., 2009), and involves a lengthy process for the participants and 

the test supervisors, especially when numerous participants are used in multiple 

experiments (Scholtz, 2004; Skov and Stage, 2005). In addition, it is results are limited 

to the list of user tasks. However, neither of these methods can cover all usability aspects 

on its own. Thus, the use of both methods is recommended in order to detect as many 

usability problems as possible (Paz et al., 2015b; Tan et al., 2009; Fu et al., 2002; Sauro, 

2012). Paz et al. (2015b), for example, stated that in several usability studies for websites, 

both UT and HE methods were used as they are complementary to each other. However, 

relying on two methods rather than relying on one method is costly for system developers, 

making developing a single method a pressing issue. Therefore, Al-Taisan et al. (2016) 

pointed out the importance of developing HE, and Slavkovic and Cross (1999) concluded 

that, in order to achieve satisfactory results for the evaluation of user interfaces, it is 

necessary to develop the HE method by making appropriate modifications. However, 

although these studies sought to develop HE, an improved method apparently still needs 

to be developed. This is consistent with Alshamari (2015), who stated that, despite the 

attempts of researchers to improve the HE method, it still required further development. 

During the past twenty years, researchers have made great strides in the development of 

UEMs (Guo et al., 2011). The development of HE can be examined in terms of several 

aspects, such as the development of its components (such as the list of heuristics), its 

procedures (the steps for conducting the method), or the evaluators (who performs the 

method). In order to improve the effectiveness of the HE method, several studies have 

also examined the major factors influencing its performance, such as evaluator expertise, 

the lists of heuristics, and the number of evaluators. However, there are two main issues 

for the HE method as follows: 
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• Evaluator's expertise (experts vs. non-experts) is one of the most important factors 

contributing to the improvement of HE (Hwang and Salvendy, 2007). HE method 

can be performed by expert or non-expert evaluators, although the former tend to 

yield better results (Nielsen, 1992; Desurvire et al., 1992a). However, several 

studies indicate that expert evaluators are difficult to find (Äijö and Mantere, 

2001; Desurvire and Thomas, 1993; Nielsen, 1999; Paz et al., 2015b; Pombortsis 

and Karoulis, 2004). This scarcity of expert evaluators frequently leads to a failure 

to recruit an adequate number of them for a given evaluation (Pombortsis and 

Karoulis, 2004). Nielsen (1999) predicted that the growing number of websites 

would lead to further problems with finding expert evaluators because of the lack 

of experts available to stay abreast of this increase. He pointed out that one of the 

potential solutions to this problem is to devise a development method that does 

not rely on experts. This is relevant, because in addition to the difficulties 

encountered when trying to find an expert, system developers with a limited 

incomes also suffer because of the cost of engaging expert evaluators, and thus 

fewer studies involve expert evaluators (de Lima Salgado and de Mattos Fortes, 

2016). The scarcity issue and the cost of recruiting expert evaluators makes 

researchers increasingly dependent on non-expert evaluators. Fernandez et al. 

(2011) therefore note that "Although inspection methods are intended to be 

performed by expert evaluators, most of them were applied by novice evaluators 

such as web designers or students". Thus, one of the main advantages of HE is 

that non-expert evaluators can perform the evaluation satisfactorily due to the ease 

of learning and of conducting HE. Based on this, some studies have investigated 

the effectiveness of non-experts (Äijö and Mantere, 2001; Botella et al., 2013; 

Fernandes et al., 2012; Howarth et al., 2009; Koutsabasis et al., 2007b; Slavkovic 

and Cross, 1999). 

• With regard to the role of the user in the HE procedures, the majority of studies 

on the HE method follow Nielsen's (1993) argument that HE is not performed by 

users but by expert or non-expert evaluators. In contrast to Nielsen’s view, Muller 

et al. (1998) developed an HE method involving users as "web-domain experts", 

making them a part of the evaluation team; this technique thus becomes a 

Participatory Heuristic Evaluation (PHE), combining experts with users. The 

authors claimed that, where users are easy to recruit, PHE can be as cost-effective 

as traditional HE. However, users in this method are described as "web-domain 

experts", and these differ from real users. In addition, this approach still requires 

some expert evaluators on the PHE team. It does, however, address the critique of 

Fernandez et al. (2011), who stated that one of the main disadvantages of HE is 

that it does not involve the user in its procedures. In fact, the absence of the user's 

point of view has been described by many researchers as one of the shortcomings 

of the HE method, for example, (Oracle, 2012; Zaharias and Koutsabasis, 2012; 

Holzinger, 2005). Standard HE, in contrast leads to the user’s opinion being 

ignored during the evaluation procedures, and total dependence on this method 

therefore leads to evaluators trying to take on the user's role to perceive the 

problems that they may encounter during the use of the user interface, rather than 

involving actual users directly in the evaluation procedures. Despite the 
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effectiveness of the HE method through the evaluator who tries to simulate the 

user to explore problems of usability, Fu et al. (2002) stated that the evaluator 

does not represent the real user of the system. In fact, the evaluator may fail to 

simulate the real user of the system in two side, ”not detecting potential problems, 

or discovering problems that will not be relevant for real users” (Matera et al., 

2006). Therefore, it is clear that there is a lack of involvement of users alongside 

evaluators, in order to take advantage of both their views. This matter has been 

questioned by Hollingsed and Novick (2007): “It remains an open issue as to why 

usability professionals, in practice, rely on single-perspective methods, typically 

involving users, or experts, but not both”.  

In light of this, continued research is necessary to address the topic of usability, with an 

emphasis on the exploration of key factors in the HE method. Both points discussed in 

detail above highlight the importance of developing the performance of non-expert 

evaluators of the HE method, as well as including the user's perspective in this method. 

This suggests an important shift of focus to concentrate on the user's role within the HE 

procedure, in order to examine HE performance and thus provide new methods that 

integrate both the user and evaluator perspectives, reducing reliance on experts, who are 

difficult to find and expensive to recruit. In fact, the development of the HE method based 

on non-expert evaluators would help in finding solutions for software developers, 

especially if we know that demand is increasing every day in an unprecedented manner 

on software development by developers (Rivero et al., 2013). Until now, to the best of 

the author's knowledge, there have been no studies focusing on the influence of users on 

non-expert evaluator output within the HE method. Thus, this research aims to investigate 

the perspective of users alongside the use of an evaluator (non-expert) in the HE method. 

By focusing on this area, a clear question regarding this matter has been formulated, as 

outlined in Section 1.8. 

1.6 Significance of the study and motivation 

The number of Internet users is growing annually. According to Stats (2016), the number 

of Internet users jumped from one billion in 2005 to three billion in 2014. In addition, this 

growth in Internet users has been accompanied by a marked increase in the number of 

websites, which has jumped from around 65 million in 2005 to 863 million in 2015, as 

shown in Table 1.1. As Figure 1.1 illustrates, 48.4% of Internet users are from Asian 

regions (Stats, 2016). More specifically, Darwiche et al. (2016) noted that "In the Middle 

East alone, more than half of the population now has online access, with the figure in the 

GCC at 75 per cent"; GCC refers to the six Gulf states of Saudi Arabia, UAE, Kuwait, 

Oman, Qatar, and Bahrain. 
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(June) Websites Change Internet Users 

2015 863,105,652 -11% 3,185,996,155* 

2014 968,882,453 44% 2,925,249,355 

2013 672,985,183 -3% 2,756,198,420 

2012 697,089,489 101% 2,518,453,530 

2011 346,004,403 67% 2,282,955,130 

2010 206,956,723 -13% 2,045,865,660 

2009 238,027,855 38% 1,766,206,240 

2008 172,338,726 41% 1,571,601,630 

2007 121,892,559 43% 1,373,327,790 

2006 85,507,314 32% 1,160,335,280 

2005 64,780,617 26% 1,027,580,990 

2004 51,611,646 26% 910,060,180 

2003 40,912,332 6% 778,555,680 

Table 1.1: Number of Internet users and websites in the world (Stats, 2016). 

	

Figure 1.1: Internet users in the world by region (Stats, 2016). 

The current research was carried out across several levels, each of which represents a 

contribution to the advancement of knowledge as follows: 

• The first contribution is an appraisal of current issues in the field of usability 

engineering by offering an extensive and comprehensive review of the most 

important studies carried out by the pioneers in this field. This includes the work 

of Jakob Nielsen, Rolf Molich, Gilbert Cockton, Alan Woolrych Kasper 

Hornbæk,Rex Hartson Morten Hertzum, Jeff Sauro, and Niels Ebbe Jacobsen, all 

of which are outlined and discussed.  

• The second contribution is to highlight the factors influencing UEMs, with a focus 

on user sessions. These factors, and their relative importance, were identified after 

extensive review of previous studies.  

• The third contribution is the provision of a comprehensive and precise study of 

the methods that include user sessions (UES-HE, URS-HE, US-HE, US-ICHE 
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and US-CHE) and a comparison of these with the most common methods utilised 

in the usability field (UT and HE).  This study was conducted by means of several 

controlled experiments which offer evidence of the influence of user sessions on 

HE results. This influence can be shown in terms of the number of usability 

problems discovered, their severity, and the usability metrics.  

• The fourth contribution is identifying the number of evaluators and users required 

to obtain satisfactory results for the UEMs.  

• The final contribution is a range of conclusions based on this experimental 

evidence, which may help researchers in the future and contribute to enriching the 

usability field and help practitioners use alternative assessment methods for 

traditional UEMs; this research should provide added value to the use of UEMs 

based on the research results. 

1.7 Research aim and objectives 

The overall aim of this research is to investigate the influence of users on the non-expert 

evaluator outcomes of HE method, by observing the effects of several user sessions within 

HE methods and comparing these with two well-known evaluation methods in the 

usability engineering field, traditional HE and UT. It also aims to determine the required 

number of evaluators for effective HE and the other methods proposed in this research, 

as well as determining the required number of users for the UT method to achieve 

satisfactory results from all of these methods. 

These aims are achieved by addressing the following objectives: 

1. Review the issues in the relevant literature relating to the usability evaluation field 

in general and the heuristic evaluation method in particular on dynamic websites. 

2. Building an accurate and comprehensive planning process to implement a set of 

experiments in order to achieve the research aim. 

3. Examine the influence of user session design on heuristic evaluation results 

through the implementation of a series of planned experiments. 

4. Analyse the results of the investigated UEMs in order to compare the performance 

of each UEM. 

5. Examine the correlations among usability metrics in UEMs further. 

6. Determine the optimal sample size of evaluators in the proposed methods (UES-

HE, URS-HE, US-HE, US-ICHE and US-CHE) and HE methods, as well as 

determining the optimal number for the sample size of users in the UT method. 

7. Discuss the results in order to extract conclusions and answer research questions. 

8. Propose a set of recommendations for researchers in the usability evaluation field 

and usability practitioners in order to evaluate the usability of the user interface 

for websites. 

Having extensively reviewed a wide range of literature concerning the HE method and its 

relationship with users, the researcher notes that, to the best of his knowledge, this 

research is unique in systematically investigating the influence of user session design on 
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the non-expert evaluator outcomes of HE method. This investigation, including the 

calculation of the optimal number of users and evaluators required for UEMs, is required 

because this is still a controversial issue among scholars in the field of usability. 

1.8 Research question 

The overall question is:  

• Do the proposed methods (UES-HE, URS-HE, US-HE, US-CHE and US-ICHE), 

and the HE and UT methods, differ in terms of the usability results such as the 

performance of usability metrics, numbers of usability problems detected and 

their severity, satisfaction ratings, cost of methods, the relationship between 

sample size and problem detected, and time spent? 

This question can be partitioned into several sub-questions and thus divided into three 

experiments as follows: 

A. First experiment: Do the proposed methods (UES-HE and URS-HE) and the HE 

and UT methods differ in terms of the performance of usability metrics (the 

usability metrics associated with thoroughness, validity and effectiveness of the 

methods), numbers of usability problems detected and their severity, satisfaction 

ratings, cost of methods, the relationship between sample size and problem 

detected, and time spent? 

B. Second experiment: Do the proposed methods (US-HE), and the HE and UT 

methods differ in terms of the performance of usability metrics (the usability 

metrics associated with thoroughness, validity and effectiveness of the methods), 

numbers of usability problems detected and their severity, satisfaction ratings, 

cost of methods, the relationship between sample size and problem detected, and 

time spent? 

C. Third experiment: Do the proposed methods (US-ICHE, US-CHE); and the HE 

and UT methods differ in terms of the performance of usability metrics (the 

usability metrics associated with thoroughness, validity and effectiveness of the 

methods), numbers of usability problems detected and their severity, satisfaction 

ratings, cost of methods, the relationship between sample size and problem 

detected, and time spent? 

Answering the overall question by means of answering these sub-questions requires the 

researcher to carry out a set of experiments in order to determine the answers to these 

questions based on a detailed analysis of the results. 

1.9 Research procedures overview 

This piece of research included three experiments. The first experiment used four UEMs: 

Heuristic Evaluation based on a User Exploration Session (UES-HE); Heuristic 

Evaluation based on a User Review Session (URS-HE); the Heuristic Evaluation method 
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(HE); and the Usability Testing method (UT). This experiment will be discussed more 

thoroughly in Chapter 4. The second experiment used three UEMs: Heuristic Evaluation 

based on a User Session (US-HE), HE, and UT. The final experiment used two UEMs: a 

Collaborative Heuristic Evaluation based on a User Session (US-CHE) and Individual 

and Collaborative Heuristic Evaluation based on a User Session (US-ICHE). A more 

thorough discussion of the second and third experiments can be found in Chapter 5. 

In general, the research processes in the HCI field are not substantially different from 

those processes employed in other studies concerned with people's behaviours, such as 

psychology. There are certain main steps required for any plan of research, and following 

these steps contributes to the organisation and completion of the research in order to reach 

the desired outcome. Fraenkel et al. (2012) listed these steps as problem statement, 

research question, definitions, literature review, sample of subjects, instruments, 

procedures, and data analysis. Some of these elements have been explained in detail in 

the previous sections in this chapter and the rest of the elements will be detailed in the 

following chapters. 

1.10 Research methodology overview 

This research adopted an experimental approach as the most effective method for 

achieving the research objectives mentioned in section 1.8. Three experiments were 

conducted to examine the influence of user sessions on HE results. Each experiment 

employed a different type of user session within the HE method. The findings of each 

experiment were then analysed and compared with the HE and UT results. The research 

process was designed to enhance the methods used and compare their results effectively, 

thus validating the findings, results, and interpretations of the research, as described in 

Chapters 2 and 3. 

The first experiment examined the influence of different types of user sessions on HE 

results. Each type of user session proposed by the researcher was included within the 

procedures of the traditional HE method, and the resulting procedure was presented as a 

new method. These methods are thus UES-HE and URS-HE. In the UES-HE method, the 

user exploration session was placed before the actual evaluation session, whereas the user 

review session in the URS-HE method was placed after the actual evaluation session. All 

of the methods were otherwise performed under the same conditions, including the same 

website, the same list of user tasks, the same laboratory, and the same usability metrics. 

The only difference between the methods was the inclusion of different types of user 

sessions within the HE procedures. 

The second experiment examined the influence of combining the methods used in the first 

experiment into a single method called US-HE. Again,  as in the first experiment, the 

methods used in this experiment were utilised under the same conditions. The only 

difference between the methods was the inclusion of the user session within the HE 

procedures. 
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The third experiment examined the influence of the user sessions used in the second 

experiment in conjunction with a differently designed collaborative heuristic evaluation 

(CHE). CHE was proposed by Petrie and Buykx (2010) as a means to improve traditional 

HE by making evaluators evaluate the system as a group rather than working individually. 

Based on this, the researcher proposed two different designs of collaborative working 

called CHE and ICHE. The user sessions in the second experiment were included with 

CHE and ICHE to create US-CHE and US-ICHE. 

1.11 Structure of the thesis 

This thesis is organised into eight chapters, and a brief overview of the main topics 

addressed in each is as follows: 

Chapter One: Introduction. 

This chapter provides the background to the research.  It presents general information to 

help the reader understand the thesis idea, then presents the problem statement, the 

significance of the study and its motivation, the research aim and objectives, the research 

question, and an overview of the research methodology. 

Chapter Two: Literature Review. 

The main aim of this chapter is to present a comprehensive and extensive review of the 

concepts and previous research related to this thesis and area of research by reviewing the 

literature concerning usability. This chapter starts by presenting the definition and 

attributes of usability. Then, usability methods and classifications are presented in order 

to cover all of the usability techniques used in this field. The chapter then explains the 

steps required to conduct heuristic evaluations and user testing, and the main methods 

used in this research are explained. Then, this chapter presents the important factors and 

issues related to usability evaluation methods.  Finally, it highlights the knowledge gaps 

inherent in the review of the literature. 

Chapter Three: Research Methodology. 

This chapter provides a clear picture of the research design and methodology used in this 

thesis. It describes the methodologies, techniques, approaches, and data collection 

instruments adopted in this research. In addition, it details the three experimental 

procedures in full, including the recruitment of participants, the number of 

evaluators/users, and the types of website and usability metrics used. Finally, it addresses 

the analysis techniques adopted for this research. 

Chapter Four: The Impact of Different User Sessions' Design on Heuristic Evaluation. 

The aim of this chapter is to present the results and findings obtained from the methods 

employed in the first experiment. This experiment explores how different types of user 
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sessions influence HE results. Two proposed types of user sessions are explained, and 

each user session represents a new HE method. The results of these proposed methods 

are compared with HE and UT results, and all of the data and results of this experiment 

are analysed. 

Chapter Five: The Impact of User Sessions on Heuristic Evaluation. 

The aim of this chapter is to present the results and findings obtained from the methods 

employed in the second experiment. In this experiment, the two user sessions proposed 

in the first experiment were integrated into one method. This experiment thus explores 

how integrated user sessions can influence HE results. The results of these proposed 

methods are compared with HE and UT results, and the data and results of this experiment 

analysed. In addition, the aim of this chapter is also to present the results and findings 

obtained from the methods employed in the third experiment. In this experiment, the user 

sessions presented in the second experiment were examined by means of two different 

collaborative evaluation designs. This experiment examines how user sessions with 

different collaborative evaluation designs can influence HE results. The results of these 

proposed methods are compared with HE and UT results, and all of the data and results 

of this experiment analysed. 

Chapter Six: Discussion and Recommendations 

The aim of this chapter is to discuss the main findings obtained from the experiments in 

Chapters 4 and 5, and to compare these with previous studies in the usability field. In 

addition, this chapter provides a set of recommendations and suggestions for usability 

evaluation methods for website systems. 

Chapter Seven: Conclusions 

The final chapter presents a summary of the research findings. In addition, it outlines the 

research's contributions to theory, knowledge, and practice in this field. Finally, it ends 

the thesis by summarising the limitations of this research and by giving recommendations 

for future study. 
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2  LITERATURE REVIEW 

2.1 Introduction  

The user interface can be referred to as the main medium between a user and a computer; 

consequently, poorly designed user interface implies inefficient interaction of user with 

computers. The current proliferation of users is matched by the increasing number of 

emerging websites. Under these circumstances, continuous evaluation of user interfaces 

is essential as efforts are focused on the development of user interfaces demonstrating 

reliability, accessibility and usability. The research aims and objectives were highlighted 

in the earlier chapter, so now the study will proceed with the literature review. The current 

chapter has several objectives, namely, to clarify how usability and Human-Computer 

Interaction (HCI) are correlated, to describe the main terminologies, to present the 

usability evaluation methods (UEMs) based on which user interfaces are usually assessed, 

and to delineate existing issues related to application of UEMs for usability assessments. 

In the introductory part, an overview of HCI is provided. Next, the concept of website 

usability is defined, and its significance are explained. Subsequently, the different UEMs 

are reviewed, the ways to conduct heuristic evaluation and usability testing is presented. 

Then, Section 2.4 is focused on discussing the usability issues which are the key factors 

of UEMs including tasks, evaluators, users, the realness of usability problems, and test 

environment. Lastly, the chapter ends with the conclusion to the chapter. The structure of 

the chapter is shown in the form of a diagram in Figure 2.1. 

 

Figure 2.1: Content of the literature review chapter 
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2.2 Human computer interaction  

HCI enjoys tremendous attention within computer sciences. In the following part, the 

development of HCI is succinctly reviewed and its significance is explained. In addition, 

the aims of HCI are outlined and a short exploratory discussion is provided. The concept 

of HCI began to be used on a broad basis from the early 1980s. Being a multidisciplinary 

field, HCI is concerned with the investigation, structuring, design and applications of 

interactions between people and computers. Despite the fact that HCI is highly important 

in computer science and information systems, its multidisciplinary nature has impeded 

researchers from reaching a consensus about how to define it. HCI is usually mean the 

investigation of the problems emerging during interactions between users and computers, 

and how knowledge of such problems can help to improve technology design. The most 

common definition of HCI is frequently referred to the HCI curricula presented by the 

Association of Computing Machinery (ACM) in 1992 by a Special Interest Group for 

Computer-Human Interaction; it is defined as “Human-computer interaction is a 

discipline concerned with the design, evaluation and implementation of interactive 

computing systems for human use and with the study of major phenomena surrounding 

them” (Hewett et al., 1992). According to this definition, it is possible to place the HCI 

definition in the framework of general computer sciences referring to it as a study of 

computer-based systems and key surrounding phenomena. The significance of the 

discipline of HCI is apparent especially in relation to websites. The creation of a website 

with interfaces demonstrating usability, efficiency and functionality requires extensive 

programming and design endeavours (Danino, 2018). In line with other disciplines, HCI 

sets numerous goals. A clear goals has provided by Issa and Isaias (2015) who stated that 

“the goals of HCI are to produce usable and safe systems, as well as functional systems”. 

It is clear from the above goals of HCI, that usability is a property of importance within 

HCI. 

2.3 Usability  

On the basis of the literature review, the measurement methods for system quality have 

been included in the domains of ergonomics and ease-of-use, and more recently, in the 

domain of usability (Hornbæk, 2006). Usability demonstrates how easy it is to use the 

product, which constitutes one of the key objectives of HCI; consequently, it engages the 

analysis of relations between the technologies and the users (Battleson et al., 2001). 

Measurement of system usability is a way of accomplishing the HCI objective of helping 

users interact with computers better. Thus, the HCI domain attributes great importance to 

the notion of usability. The following section analyzes different definitions given to 

usability, importance of usability, its attributes and the methods of its achievement. 

2.3.1 Usability Overview 

It was in the 1990s that the concept of “usability” was first introduced as a substitute for 

“user-friendly” (Soegaard, 2018). There is no universal definition for the concept of 

usability and it has been defined in various ways. Thus, literature provides various 
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definitions of the term. Jeng (2013) refer to the definition given by Nielsen (1993) and 

the ISO standard 9241-11 as the most popular ones. Usability has been defined by Nielsen 

(1993) as a major component of the acceptability of a system, which refers to the extent 

to which a system can meet the needs and requirements of users (see Figure 2.2). 

	

Figure 2.2: A model of the attributes of system acceptability (Nielsen, 1993) 

As illustrated in Figure 2.2, Nielsen’s model proposes usability to be a constituent of 

system usefulness, which in turn contributes to practical acceptability, which is a part of 

system acceptability. Hence, usability is a significant determinant of how successful a 

system can be. Although Nelson's definition is well known in usability studies, “the 

definition of usability from ISO 9241-11… is becoming the main reference of usability. 

In addition that it is largely recognized in literature” (Jokela et al., 2003). Fernández 

Martínez (2012) also supported this point by claiming that “in the field of Human-

Computer Interaction (HCI), the most widely accepted definition of usability is that 

proposed in the ISO/IEC 9241-11 (1998)”. Thus, the broadly used definition of usability 

is based on a definition by the International Organization for Standardization (ISO) as 

“the extent to which the product can be used by specified users to achieve specified goals 

with effectiveness, efficiency, and satisfaction in a specified context of use” (ISO 9241-

11, 1998). 

2.3.2  Importance of Usability 

Usability is a critical quality aspect of any development of system (Mazumder and Das, 

2014; Hub and Zatloukal, 2008). It has such an enormous influence on the quality of a 

website and the experience of users that it is actually the term of choice for characterising 

how useful a website design is. In fact, usability is not significant solely for the system, 

but also for the users, whose entire interaction with a system interface depends on the 

ease of use of that interface. Poorly designed systems result in low levels of user interest 

and satisfaction, making the system unable to deliver its goals and objectives, and 

contributing to the user desire to permanently leave the system. In other word, an 

unsuccessful system will cause dissatisfaction for users, who will stop using the system 

and seek an alternative. Some organisations fail to meet their goals because they overlook 

the role and importance of usability. It is essential to realize that usability should be 



Chapter 2 : Literature Review 

18 

seriously taken into consideration as it is quite challenging to build an effective website 

without taking it into account. Hence, websites with inadequate usability may adversely 

affect different parts of public or private sector, hindering users from completing their 

tasks or attaining their objectives with efficiency, effectiveness and high level of 

satisfaction. In contrast, the more successful a system is, the more likely it will be that 

users will be satisfied with it, that they will continue to use it and that the number of new 

users will grow. From the website developers' perspective, a successful system with a 

good design ensures minimal costs of maintenance. 

2.3.3 Usability Attributes 

One of the key factors of UEMs is represented with usability attributes, due to the fact 

that the evaluation process can turn out unsuccessful if those attributes are not measured. 

The result of the measurements applied to the usability attributes is a combination of 

qualitative and quantitative data. It must be highlighted that usability is not a user 

interface characteristic with a single dimension but has a range of dimensions that require 

due consideration. The usability attributes that require consideration and measurement 

are numerous and diverse. According to the model designed by Nielsen (1993), the 

classification of the usability specifies the following five key attributes, namely 

learnability, efficiency, ease to be remembered or memorability, few errors, and 

satisfaction. Each attribute, briefly explained below, can be defined as a foundation for 

the website usability (Nielsen, 1993). 

• Learnability: This usability attribute implies that it is easy to learn the system for 

the first-time users who do not spend much effort or time on that. 

• Efficiency: It is the correlation between the amount of time needed to implement 

the task and the accuracy of implementation. Therefore, it is the capacity of the 

product to provide the needed support and help the users to be quick in performing 

the tasks. 

• Memorability: Users should not need to relearn a system after a pause in use; thus, 

the user does not need to waste time on learning the same things. 

• Few errors: A product should hinder users from making mistakes and recover 

quickly if errors are made. 

• Satisfaction: It is a usability attribute which covers the feelings the users have 

about the system. 

According to the definition of ISO 9241-11 (1998), the key usability factors are 

efficiency, effectiveness, and satisfaction. They are succinctly described in the following 

part. The term ‘effectiveness’ implies the completeness of goal achievement and the 

accuracy of this process done by the users, while the term ‘efficiency’ refers to the 

resources required to achieve the effectiveness of the product. As for the concept of 

‘satisfaction’, it implies the possibility to implement the required tasks by the users 

comfortably as they are pleased with the process of using the needed product. Therefore, 

a post-questionnaire was designed to measure the degree to which users and evaluators 

were satisfied with the website in question, which is explained in detail in Section 3.4.6.4 
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and Section 3.4.8.5.4. Lastly, the concept of the context comprises the users, the required 

equipment (such as hardware, software, materials, etc.), tasks, the physical environment, 

and the social environment for the use of the product, presented in the Figure 2.3. 

	

	

Figure 2.3: Usability framework (ISO 9241-11, 1998) 

To prevent problems of usability when users interact with a system, all of the above 

attributes of ISO are important be considered in system development. Furthermore, in 

order to guarantee system success, developers must make sure that they integrate these 

features in the design of a new system. The efficiency, effectiveness and user satisfaction 

highlighted in the ISO definition are also the cornerstones of the majority of 

acknowledged definitions, with minor discrepancies due to the features of different 

systems. Besides the key attributes presented above by Nielsen (1993) and ISO 9241-11 

(1998), Table 2.1 lists a range of usability attributes compiled from several sources, which 

can be assessed with usability evaluation methods (UEMs) to find out how usable a 

system or website is. The key attributes presented by ISO 9241-11 (1998) were approved 

in this study and were justified in Section 2.4.3. 
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Standard 
(Nielsen, 

1993) 
(Shackel, 

2009) 
(ISO 9241-
11, 1998) 

(Brinck et 
al., 2001) 

(Kengeri et 
al., 1999) 

Attribute 

Efficiency P  P P  

Satisfaction P P P P P 

Learnability P P  P P 

Memorability P   P  

Effectiveness  P P P P 

Errors P   P  

Flexibility  P    

Usefulness     P 

Table 2.1: The usability attributes of different model standards 

Usability is a critical quality aspect of any development of system (Mazumder and Das, 

2014; Hub and Zatloukal, 2008). It reflects how functional and system qualities are at 

different stages of the process of development, and in particular at the design stage (Hub 

and Zatloukal, 2008). The systems evaluation stage is one of the basic stages of the 

systems development lifecycle (ISO 13407, 1999). The evaluation stage is the main 

concern in the present study. The main concerns of usability are not only related to how 

easily the users can navigate the required system; they are also related to the methods of 

making the system more efficient, effective, and appropriate for learning. The range of 

existing UEMs are summarised in the following part. 

2.3.4  Methods for evaluating usability 

The usability evaluation deals with collecting the information about the system usability 

to assess it.  According to Karat (1997), a usability evaluation methods can be defined  

generally as "A process for producing a measurement of usability". Fernandez et al. 

(2011) finds that a method of usability evaluation should be defined “a procedure which 

is composed of a set of well-defined activities for collecting usage data related to user 

interaction with a software product”. The principal aim of usability evaluation is to 

improve the usability quality of a system (Trivedi and Khanum, 2012). Such methods are 

developed to identify usability issues or areas that require improvement in terms of 

interaction to increase usability (Gray and Salzman, 1998). According to Dix et al. (2004). 

“Evaluation has three main goals: to assess the extent and accessibility of the system’s 

functionality, to assess users’ experience of the interaction, and to identify any specific 

problems with the system”. Different researchers have put forth different classifications 

of UEMs (Zins et al., 2004), such as Zhijun (2007), Riihiaho (2000), Nielsen (1994d), 

Karampelas (2013), Baxter et al. (2015), Fernandez et al. (2011), Folmer and Bosch 

(2004), and Gulati and Dubey (2012). Due to such diversity, there is a great deal of 

ignorance and misunderstanding about the shortcomings of the different methods and 

about selection of the most suitable method for a particular system or product.  

A variety of UEMs have received increased attention in the scientific field as their 

analysis and investigation gave rise to the appearance of different classification.  One of 
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the classifications was provided Nielsen (1994d), who divided the usability evaluation 

methods into four categories, including automatic (presupposes program use to evaluate 

a user interface), empirical (presupposes real users who interact with the user interface), 

formal (involve assessment of a user interface based on models and formulas), and 

informal (involve assessment of a user interface by evaluators relying on rules of thumb 

as well as their ability, knowledge and experience). On the other hand, UEMs can in 

general terms be principally classified into two categories of usability evaluation methods 

were distinguished by Gray and Salzman (1998), namely, analytical methods, which 

comprise methods like heuristic evaluation and cognitive walkthrough, and empirical 

methods, which comprise methods such as user testing.  

However, Hartson et al. (2003) emphasise that it is important to distinguish between the 

two main approaches, summative and formative, which are based on the evaluation goals. 

Any usability evaluation will either be a formative evaluation or summative evaluation. 

The former aims to help the design team by finding the number of problems for the user 

interface and thus this list of problems helps them to redesign and avoid these problems 

as much as possible. These problems can be provided to the designer with the severity of 

each problem, therefore, the designer can decide which one is more important and needs 

to redesign depending on the possibilities and resources available to the designer (Zhijun, 

2007). This king of evaluation is useful especially in the case of systems with prototypes 

or that are subjected to re-design before launching the final version of the system (Rosson 

and Carroll, 2002). Therefore, the method is applied at various stages in the process of 

design development, such as prototype creation or development of different versions of 

the system. More generally, the latter kind of evaluation aims at measuring the quality of 

the target system by calculating the usability measures of the target website as well as by 

understanding the usability of the target website in general (Zhijun, 2007). Examples of 

usability measures are user satisfaction rate and time spent to perform user tasks. 

Although this type of evaluation can be used in the system development stages, this 

evaluation type is usually used at the end of the development cycle as it helps to find out 

whether the system has managed to meet usability objectives (Rosson and Carroll, 2002). 

According to Zhijun (2007), the four main categories of UEMs are model/metrics-based, 

testing, inspection and inquiry. Each category will be discussed in next sections. 

Unfortunately, HE method as other usability evaluation methods, suffer from some 

shortcomings and require further development. 

2.3.4.1 Model/Metrics-based  

A model-based evaluation model is defined as a model that represents “how a human 

would use a proposed system” (Kieras, 2008). In other word, model-based approaches 

(Dillon, 2001) can anticipate with precision particular features of the interaction between 

users and an interface, like the amount of time necessary to complete a task or the 

challenges posed by learning the natural order of steps for a task.  Despite this method is 

well known theoretically as an evaluation method, it is not widely applied (Preece et al., 

2015; Dillon, 2001). Dillon (2001) suggests that the most common model-based approach 

is the GOMS (Goals, Operators, Methods and Selection Rules) method that introduced 

by Card (1983). GOMS facilitates the analysis of any interface design and supply the 
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evaluator with the data necessary to anticipate how much time the users will need to carry 

out a specific task (Dillon, 2001). Nevertheless, the disadvantage of this method is that 

required advanced users, since less skilled users are more likely to make mistakes, thus 

compromising data reliability (Preece et al., 2002). Other analysis methods have been 

formulated based on the GOMS method, including the Keystroke-Level Model (KLM); 

Card, Moran, and Newell GOMS (CMN-GOMS); Natural GOMS Language 

(NGOMSL); Cognitive-Perceptual-Motor GOMS (CPM-GOMS) (John and Kieras, 

1996).  CPM-GOMS is considered to be the most complex GOMS model that was 

developed by Gray et al. (Cover, 2018). It employs sequential interrelations between the 

perceptual, motor and cognitive processes of users to estimate the duration of task 

performance. The major limitation of above methods is that generate numbers (i.e. 

quantitative data) that may not correlate to the actual usability of a website (Zhijun, 2007). 

2.3.4.2 Usability Inquiry 

Usability inquiry approaches are designed to help evaluators observe and obtain 

information directly from users about their views on usability through focus groups, 

interviews or questionnaires. 

The inquiry techniques include focus groups, interviews (structured, unstructured, and 

semi-structured), and questionnaires are discussed below. 

2.3.4.2.1 Focus Groups: 
The purpose of this method is to promote discussion of usability problems that the 

evaluator wants to draw attention to within the context of a collective consisting of 6-9 

participants (Zhijun, 2007). Within focus groups, participants are free to convey their 

personal perspectives and views, pose questions, as well as listen to the others’ opinions 

and provide remarks on those opinions.  

Focus groups are advantageous mainly because they use an effective approach to gain 

comprehension about the participants' perspectives and attitudes (Preece et al., 2015). 

2.3.4.2.2 Interviews: 
Interviews are a popular approach for obtaining high-level data straight from individuals 

(Dix et al., 2004). This method involves eliciting answers from representative users to a 

series of relevant questions that are formulated beforehand. As recommended by Zhijun 

(2007), interviews should be carried out by two evaluators, who should respectively pose 

the questions and record the answers given by the users. As distinguished by Dawson 

(2002), there are three types of interviews, depending on their features, namely, 

structured, semi-structured and unstructured interviews. 

Ø Unstructured interviews  
Unstructured interviews have the capacity to produce abundant data for in-depth insight 

into the topic under consideration because of the open questions that allow discussion to 

flow freely and cover different matters, with no expectations as to the form that the 

responses will take or what they will contain. On the downside, unstructured interviews 
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can considerably increase research costs as analysis of the rich and interconnected data is 

time-consuming. Furthermore, the fact that the interviewing process cannot be repeated 

is a disadvantage as well (Preece et al., 2015). 

Ø Structured interviews  
Unlike surveys, structured interviews have a fixed protocol so do not have to be carried 

out by the researcher necessarily, consisting of pre-established questions, which means 

that they do not differ much from questionnaires. Interviews are useful especially in cases 

where there is a comprehensive understanding of the research aims. Furthermore, as 

suggested by several researchers, the questions should not be ambiguous and 

unnecessarily long and they must be posed to every respondent in identical sequence 

(Ibid.). 

Ø Semi-structured interviews  
Although they consist of both open and closed questions, semi-structured interviews 

incline more towards unstructured instead of structured interviews, as they provide a 

greater degree of flexibility. They demonstrate replicability, make the research more 

reliable, and are less time-constrained, not rushing respondents to answer the questions 

(Ibid.). 

2.3.4.2.3 - Questionnaires: 
A questionnaire is a data collection technique that enables to gather the subjective 

usability information. Questionnaires are methods for collecting data on particular topics 

based on open or closed questions, which can take various forms, including rating scales, 

check boxes and ranges, and postal and email questionnaires. In the context of usability 

evaluation, they can be understood as indirect usability measures that are informative 

about how satisfied users are and what their preferences and attitudes are. Different 

applications can be used to conduct questionnaires, for instance, QUIS is suitable to the 

questionnaire that focuses on the user interface satisfaction (Zhijun, 2007). 

2.3.4.3 Usability Inspection 

This type of usability evaluation methods is used by evaluators to identify the potential 

usability problems depending on their skills and knowledge (Zhijun, 2007). The outcomes 

of inspection methods frequently take the form of lists of potential usability issues facing 

users during system interaction. Since they are based on experts’ knowledge and 

experience, these types of methods do not need recruitment of users or extensive planning, 

meaning that they can be incorporated in the development process rapidly and without 

difficulty. Heuristic evaluation and cognitive walkthrough are the main inspection 

methods used in the field of HCI (Preece et al., 2015). The main types of inspection-based 

methods that are employed to assess the usability of user interfaces are outlined below. 

2.3.4.3.1 Heuristic evaluation (HE) 
A usability method of heuristic evaluation suggested by Nielsen and Molich (1990) 

requires several evaluators who are supposed to implement the assessment procedures in 

terms of the user interface and its conformity to the common heuristics or a set of 
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principles related to usability (Nielsen and Molich, 1990). This set or list of heuristics is 

used as an aid tool for evaluators during inspection of the website to remind them about 

the area of usability issues. These Nielsen (1994a) heuristics are: 

1. Visibility of system status 

2. Match between system and the real world 

3. User control and freedom 

4. Consistency and standards 

5. Error prevention 

6. Recognition rather than recall 

7. Flexibility and efficiency of use 

8. Aesthetic and minimalist design 

9. Help users recognise, diagnose, and recover from errors 

10. Help and documentation 

In fact, a general list of heuristics or principles agreed upon by researchers is yet to be 

delineated, but numerous proponents have put forth a series of heuristics or principles that 

enable the formulation of a helpful overview of design guidelines and contribute to the 

creation of systems of greater usability. A wide range of such series of heuristics have 

been proposed, but the most popular are Nielsen’s ten heuristics provided by Nielsen 

(1994a), Shneiderman’s eight golden rules provided by Shneiderman (1998), Norman’s 

seven principles provided by Donald (1988) (Dix et al., 2004; Botella et al., 2011; Kılıç 

Delice and Güngör, 2009), as well as Gerhardt-Powals’ heuristics provided by Gerhardt‐

Powals (1996) (Botella et al., 2011; Lin Chou and Mustafa, 2014).  

There is a clear preference for Nielsen’s ten usability heuristics as a tool of assessment 

which are considered the most widely used and cited until the present compared to others 

(Paz et al., 2015a; Sim, 2009; Chen and Macredie, 2005; Kılıç Delice and Güngör, 2009; 

Lin Chou and Mustafa, 2014; Manzari and Trinidad-Christensen, 2013). It was during the 

1990s that Jakob Nielsen, a distinguished web usability consultant and partner in the 

Nielsen Norman Group, first formulated a list of design guidelines for user interface in 

collaboration with another noteworthy usability specialist, Rolf Molich. By subjecting 

249 usability problems to factor analysis, Nielsen subsequently perfected the heuristics 

(Nielsen, 1994a) in order to produce a set of heuristics demonstrating the highest 

explanatory power, with the outcome being the current amended series of heuristics 

(Nielsen, 1994a). 

However, Gonzalez-Holland et al. (2017) contend that contemporary usability issues are 

not resolved by Nielsen’s (1994) amendments, as they are not sufficiently extensive. The 

complications surrounding web 2.0 environments are continuously increasing, however 

the traditional method of heuristic evaluation does not adequately address the problems, 

and consequently, usability issues arise. A study by Viswanathan et al. (2010) focuses on 

this problem. The researchers provide examples of social networking sites including 

YouTube that are generally acknowledged as being part of the web 2.0 generation. Sites 

such as this are not in accordance with Molich and Nielsen’s heuristic evaluation model. 
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Moreover, as Jimenez et al. (2017) point out, the general consensus amongst authors that 

employ Nielsen’s heuristics in their work is that its generality is actually its primary 

drawback. They also maintain that there is a risk that specific-domain usability problems 

will not be properly identified when particular applications are assessed using general 

heuristics. 

Numerous products of leading global companies, including Apple, Google and Adobe,  

have benefited from Nelson's heuristics in designing their products (Wong, 2016). 

However, despite enabling identification of many usability problems, these heuristics fail 

to cover the particular aspects associated with a specific type of software application (Paz 

et al., 2014). Even so, the usability of software applications, including mobile 

technologies (Lin Chou and Mustafa, 2014), continues to be evaluated most often based 

on Nielsen’s heuristics (Paz et al., 2014). Initially, the ten heuristics were designed for 

software evaluation, but they have subsequently been widely adopted to be applicable to 

most types of products or interactive systems (Botella et al., 2011; Barnum, 2010; 

Somervell, 2004). 

Among the principles and guidelines of ease of use that have been put forward by some 

researchers, the most thorough heuristics is presented by Nielsen’s ten heuristics, which 

are therefore convenient to include in the group of design guidelines (Brinck et al., 2001). 

The reason why Nielsen’s ten usability heuristics are the most thorough heuristics may 

be due to being “was designed to be general and broadly applicable to any application or 

website” (Anganes et al., 2016) and therefore are compatible with any application or 

website and can be used for assessment of numerous different domains, such as 

hypermedia browsers and edutainment applications, as well as to enhance musical 

product hardware (Sim, 2009). Sivaji et al. (2011) confirmed the effectiveness of 

Nielsen’s heuristics, reporting that they helped identification of 83% of problems on an 

E-Government website. In fact, the broad adoption of these ten heuristics is due to “it is 

more concise and easily understood” (Lin Chou and Mustafa, 2014). Similarly, the reason 

why Lin Chou and Mustafa (2014) employed these set of heuristics as a benchmark in 

their study, "as their usefulness has already been studied and validated". Likewise, Huang 

(2010) attributed the widespread use of Nielsen’s heuristics to the fact that repeated 

testing has demonstrated that they are applicable, valid and useful. Given these 

observations, the present thesis employs Nielsen’s heuristics, with further details being 

provided in Appendix K. 

HE method can be applied at any stage of the development process. HE presents both 

strengths and weaknesses. One of its strengths is that, compared to other UEMs, like user 

testing (UT), it has greater efficiency in identifying actual issues of usability and it is less 

time-consuming and more cost-effective, not requiring training of evaluators, which is 

why it is particularly appealing to small start-ups with limited resources  (Scholtz, 2004; 

Cockton and Woolrych, 2002; Zaharias and Koutsabasis, 2012; Yáñez Gómez et al., 

2014; Karampelas, 2013; Oracle, 2012; Botella et al., 2013; Levi and Conrad, 1996). 

Cost-effectiveness mean that the overall purpose of evaluators is to identify real usability 

problems as effectively and as cheaply as possible. The reason for the cost-efficiency of 
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HE is that it does not require significant amounts of time, facilities, money or expertise 

(Cockton and Woolrych, 2002). The lab and equipment are not required to conduct the 

heuristic evaluation as in the user testing method (Garzotto et al., 1999; Conte et al., 

2007). Moreover, according to Sauro (2012), the expert review is beneficial as it can 

reveal and identify the issues which cannot be seen with the conducted usability tests as 

the users typically avoid using the features of the software or websites not related to the 

required tasks. What is more, it affords flexibility, it is not difficult to apply, and it does 

not require a large number of evaluators as several of them can conduct the evaluation 

(Jaspers, 2009; Rusu et al., 2011). 

On the other hand, this claim is frequently viewed as subjective and excessively general 

(Garzotto et al., 1999; Conte et al., 2007; Zaharias and Koutsabasis, 2012); besides, it has 

a demand for more evaluators, it is highly dependent on the expertise and knowledge of 

the evaluators (the so-called ‘evaluator effect’); the method is associated with a high rate 

of false positives (i.e. some aspects identified as usability issues are not actually usability 

problems) (Simeral and Branaghan, 1997; Hollingsed and Novick, 2007; Zaharias and 

Koutsabasis, 2012; Wong, 2016); some actual usability problems may be overlooked, and 

providing no guidance to the evaluators during the process of evaluation (Sears, 1997). 

Moreover, HE was criticised by Cockton and Woolrych (2002) for the fact that it failed 

to encourage evaluators to adopt a broad perspective of interaction; besides, it can lead to 

improper solutions and fails in supporting the analysis of the causes for the problems. The 

evaluator effect manifests most clearly in the lack of similarity in the lists of usability 

issues identified by a number of evaluators for the same website as well as in the 

disagreements between the evaluators regarding those lists  (Botella et al., 2013; Conte et 

al., 2007). Thus, owing to the fact that assessment lacks objectivity and is largely 

determined by the experience possessed by the evaluators, the results of heuristic 

evaluation may lack reliability and may vary considerably (Chattratichart and Lindgaard, 

2008).  

Although this method can be implemented by the expert and non-expert evaluators (Alan 

and Mark, 2006; Chattratichart and Lindgaard, 2008), it demands expertise and skill to 

implement the HE effectively. In order to achieve the desired effectiveness, this means 

that this method requires more than one expert. This is considered costly by the 

developers because it is difficult for them to find or hire one expert (Hollingsed and 

Novick, 2007). Therefore, some studies have investigated the effectiveness of non-

experts (Äijö and Mantere, 2001; Botella et al., 2013; Fernandes et al., 2012; Howarth et 

al., 2009; Koutsabasis et al., 2007b; Slavkovic and Cross, 1999). Despite the benefits of 

the HE method, obtaining results relies on the skill and expertise of evaluators to assess 

the website interface. This leads to the opinion of the user being ignored during this 

evaluation process. In other word, one of the main disadvantages of this method is that it 

eliminates the user's view during the evaluation of the target site by not engaging the user 

in the evaluation process (Holzinger, 2005; Oracle, 2012; Zaharias and Koutsabasis, 

2012). Thus, complete dependence on this method means that the evaluators are trying to 

play the user's role by trying to perceive the problems they may encounter while using 

the user interface instead of involving them directly in the evaluation process. To date, 
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there is no, or, very little, research to examine the user's role in the evaluation process, 

and this is the main aim of this research.  

A refined version of the traditional HE method, is known as Collaborative Heuristic 

Evaluation (CHE), in which evaluators work together and carry out evaluations 

collaboratively, rather than working independently. CHE was put forward by Pro. Helen 

L. Petrie and Lucy Buykx from the University of York. In fact, there is a scarcity in 

research studies on CHE; as most research done on the HE procedure, uses traditional HE 

methods, where each evaluator performed the evaluation independently, rather than 

collaboratively. For the CHE procedure, is the same as the traditional HE method of 

procedure but it only differs in that five evaluators are collaborating on evaluating the 

usability of a system. Their research proves that CHE performs quicker and able to detect 

usability issues by up to three times more than the traditional HE procedure. Another 

significant finding is that, in comparison to traditional HE, CHE has a greater inter 

evaluator agreement of problems. According to Petrie and Buykx (2010), a cohesive list 

of problems from all evaluators, is instantly produced when using the CHE technique, 

which was identified as one of the main setbacks, which slowed down the traditional HE 

method. 

2.3.4.3.2 Cognitive walkthrough (CW) 
The method of cognitive walkthrough has become one of the most popular methods of 

inspection. Lewis et al. (1990) were the first to introduce the method, which was 

subsequently refined by some researchers such as Polson et al. (1992) and Wharton et al. 

(1994). Despite being introduced at the beginning of the 1990s, the method continues to 

be widely employed in the assessment of a range of interfaces, including web-based 

applications due to the fact that it is highly effective (Hollingsed and Novick, 2007). As 

indicated by Wharton et al. (1994), the purpose of the usability inspection method of 

cognitive walkthrough is to assess interface learnability via an exploratory approach. As 

its name implies, the method is concerned with cognitive aspects like learnability, which 

is why it investigates the mental process that users must go through (Holzinger, 2005). 

Hence, when performing cognitive walkthrough, usability evaluators are required to 

anticipate how users will react and provide insight into why users will find some interface 

features difficult. The process of cognitive walkthrough is carried out by a group of 

evaluators, including developers, designers and programmers (Fichter, 2004), who go 

over a certain series of tasks in order to evaluate the interface in question. Wharton et al. 

(1994) delineated four questions (see Table 2.2) that the group must try to address at every 

step of a task, providing a justification of the action that users are most likely to take to 

carry out the task (Fichter, 2004). Recommendations for solving the usability problems 

are formulated in the case that the questions cannot be answered (Fichter, 2004). The four 

questions established by Wharton et al. (1994) for step assessment in task analysis are 

reduced to three questions by (Preece et al., 2015) which are: can users achieve task 

completion?, are all system functionalities accessible to users?, is feedback provided to 

users regarding every action, regardless of correctness?. What is more, these four 

questions established by Wharton et al. (1994) are also reduced to just two by Spencer 

(2000) in the streamlined cognitive walkthrough which are, “will the user know what to 
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do at this step?, if the user does the right thing, will they know that they did the right 

thing, and are making progress towards their goal?”. There is a difference between the 

cognitive walkthrough and HE method because the cognitive walkthrough is systematic 

and methodical and is restricted by a series of tasks of user (Sears and Hess, 1999). The 

method of cognitive walkthrough is viewed as a fast one which requires limited training 

(Sears and Hess, 1999). Fichter (2004) identified a major advantage of cognitive 

walkthrough as being the fact that it promotes the generation of numerous design ideas 

by evaluators with diverse qualifications and views. Another advantage, he stated that it 

is a technology that can be easily learned by team members who are usually professional 

evaluators like software developers. On the other hand, cognitive walkthrough has some 

limitations as well, such as the great amount of time needed to perform it and the 

monotony of the process (Fichter, 2004).  

Q1: Will the users try to achieve the right effect?  

Q2: Will the user notice that the correct action is available? 

Q3: Will the user associate the correct action with the effect trying to be achieved?  

Q4: If the correct action is performed, will the user see that progress is being made toward solution of 

the task? 

Table 2.2: The four questions of cognitive walkthrough method from Wharton et al. (1994) 

2.3.4.3.3 Pluralistic walkthrough 
The usability inspection method of pluralistic walkthrough entails assessment of a user 

interface by going over the steps of a task scenario, which is conducted by a number of 

evaluators, comprising representative users, developers and usability experts (Nielsen and 

Mack, 1994). This is followed by a group discussion of the identified problems of 

usability associated with every step of the scenario. The scenarios are illustrated as several 

screens constituting a single path through the interface (Preece et al., 2015). The method 

has been distinguished by Hollingsed and Novick (2007) to have five attributes, namely, 

involving a variety of participants, in particular developers, representative users, and 

experts in usability; displaying the interface screens in the session of the evaluation 

process in the same sequence as they are presented to the user; every participant is asked 

to take the functions and role of a user; participants, as users, record the actions for every 

screen; and discussion of the screens with the first speeches done by the representative 

users. Pluralistic walkthrough is advantageous because it supplies feedback from users 

participating in the assessment (Hollingsed and Novick, 2007) and concentrates on users’ 

tasks (Preece et al., 2015). On the downside, getting all participants together at the same 

time is highly challenging, and even when it happens, the speed at which the process 

advances is the pace of the slowest participant (Preece et al., 2015). 

2.3.4.4 User-based UEMs 

The purpose of user-based UEMs is to assess how users perform during interaction with 

an interface and/or what users think and what their attitudes are towards the interface in 

question. User testing is the most popular user-based UEM, with the other methods being 

either versions of this method or complementary methods intended to consolidate user 
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testing. The main user-based UEMs for website usability assessment are presented in the 

following part. 

2.3.4.4.1 Usability Testing 
The UT method is considered one of the most common usability evaluation methods for 

ensuring quality in terms of website effectiveness. The definition given to the user testing 

method by Dumas and Redish (1999) presents it as “a systematic way of observing actual 

users trying out a product and collecting information about the specific ways in which the 

product is easy or difficult for them”. Since it is conducted by participants representative 

of the target users of the product under investigation, usability testing is referred to as 

user testing as well. It involves the undertaking of a series of tasks under controlled 

conditions by participants, who are not assisted in any way as to how to perform those 

tasks. Moreover, there is strict monitoring of the task completion with further assessment 

done by the observers whose function is to record the problems with usability that the 

users encounter. It can record other types of observed data for further analysis, in 

particular the amount of time spent, number of errors, rate of success, and user 

satisfaction. The UT method involves using an observer to observe users while they are 

performing their tasks with the aim of extracting usability problems directly from the 

user. Nielsen (1993) clarified the role of the observer as “interpreting the user's actions in 

order to infer how these actions are related to the usability issues in the design of the 

interface”. Furthermore, in contrast, he noted that HE does not require interpretation of 

the evaluator's actions but only collects their comments about the user interface.  

Furthermore, UT can take two forms, namely, formative user testing and summative user 

testing. The former is used for discovering the problems with usability in the targeted 

system or product. The latter is used for benchmarking to determination of how usable 

the system is according to usability criteria (Sauro, 2017). 

The principal benefit of UT method is the involvement of users (Scholtz, 2004). This is 

because engaging real users in the evaluation process contributes to obtaining reliable 

results (Matera et al., 2006), therefore,  UT is viewed as the most beneficial and the most 

important approach of the category as it allows the researchers to obtain direct 

information concerning the use of the interface by the real users. On the downside, UT 

can be expensive, involves a lengthy process for the participants and the test supervisors, 

especially when numerous participants are used in multiple experiments (Scholtz, 2004; 

Skov and Stage, 2005).  

Furthermore, UT depends on a range of factors, such as a user task and number of users. 

A user task is a core factor of the UT method. The list of user tasks should cover the main 

functions of the website. Dumas and Redish (1999) recommended that formulated tasks 

should be short and clear and in the users' language. Although the UT method has been 

implemented by requiring different numbers of users to perform the list of tasks, there is 

no agreement about the optimal number of users. Nielsen (2000) suggested that five users 

are sufficient to find 85% of usability problems. In addition, he stated that more than five 

users waste resources and time. In line with Nielsen, Virzi (1992) confirmed that five 

users were able to reveal 80% of usability problems. Likewise, the findings of Turner et 
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al. (2006) showed that three to five users are sufficient to discover most of the usability 

problems. In contrast, Faulkner (2003) argued that five users may find 55% of all usability 

problems. Lindgaard and Chattratichart (2007) supported this argument and claimed that 

five users were only able to find 35% of the total number of usability problems. In regards 

to using the UT method for benchmarking, (Nielsen, 2006) recommended using 20 users.  

UT method can be complemented by methods like the think-aloud protocol or use of 

automated software for documentation of how participants interact with the system in 

question. An overview of these complementary methods is provided in the following part. 

2.3.4.4.2 Thinking-Aloud Protocol 
Among the different UT techniques, the think-aloud protocol is described as the most 

valuable technique among usability evaluation methods (Holzinger, 2005). As its name 

suggests, this method requires participants to verbalise their opinions, views and feelings 

during task performance in order to afford evaluators a comprehensive understanding of 

the interaction between the participants and the interface under investigation (Nielsen, 

1993).  As noted by Preece et al. (2015), the ‘think-aloud’ protocol affords insight into 

users’ thought processes, thus overcoming the shortcoming of not knowing users’ 

thoughts during task performance, which is associated with observation methods. Nielsen 

(1993) claimed that “Thinking aloud may be the single most valuable usability 

engineering method”. Ebling and John (2000) claim that it is possible to cover most 

usability problems with the help of this technique. According to Nielsen (1994b), when 

the computer scientists evaluate the websites, they can use the method of TA protocol 

having very little training with adequate efficiency. Nevertheless, despite its benefits, the 

think-aloud method is not without its limitations, such as the fact that the test conditions, 

involving the presence of an observer and the use of recording devices, lack naturality 

and may make users uncomfortable; thus, the users may feel not encouraged to speak and 

act in a natural manner (van den Haak and de Jong, 2005). 

The think-aloud protocol consists of three types of interaction techniques: concurrent, 

retrospective, and constructive interaction (Nielsen, 1993; Dumas and Redish, 1999; Van 

den Haak et al., 2004). Concurrent interaction involves the user verbalizing their thoughts 

when performing a list of tasks. The results obtained by Van den Haak et al. (2004) 

showed that concurrent interaction is more easy to distinguish than the other two methods. 

The retrospective technique proceeds through two steps where the user first silently 

interacts with the system, after which the user talks about their opinion of the interaction. 

Constructive interaction is also known as “co-discovery learning” (Uphoff, 2016). This 

method involves two users working together to perform their tasks while verbalizing their 

thoughts in practice. However, the retrospective technique is described as being less 

frequently used whereas the concurrent technique has been pointed out as being the most 

common (Van den Haak et al., 2004).  When the user verbalizes their thoughts it helps 

the observer to understand user behavior in terms of their view about the system and the 

difficulties they encounter with the system (Nielsen, 1993; Holzinger, 2005). However, 

users consider the think-aloud technique to be unnatural and that it does not allow them 
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to act naturally as they would act in a real-life situation (van den Haak and de Jong, 2005; 

Nielsen, 1993; Rubin and Chisnell, 2008). 

2.3.4.4.3 Remote testing  
In situations where the users and the evaluators are in different physical locations when 

UT is carried out, or when the samples used are of fairly large size, the method of remote 

testing or un-moderated testing is employed. In this method, observation is mediated by 

software tools like CU-SeeMe, WebEx, and Morae (Zhijun, 2007). There are two forms 

exhibited by remote testing, namely, synchronous and asynchronous remote usability 

testing, which are respectively moderated and unmoderated (Dray and Siegel, 2004). 

2.3.4.4.4 Eye-tracking devices 
Using devices for tracking eyes is a common technique applied to assess websites to 

identify the visual patters of the users that use the interface. The users are observed closely 

for identification of the most interesting areas (Zhijun, 2007).  

2.3.4.4.5 Co-discovery learning 
This method requires collaboration between a pair of users to achieve task completion 

whilst being under observation. As observed by Zhijun (2007), compared to the think-

aloud protocol, the co-discovery learning method is deemed to be more natural, with the 

paired setting putting users more at ease and willing to talk to one another about what 

they think. 

Despite the existence of varied UEMs, as previously noted, each has the same goal of 

improving a system’s usability. The issue of choosing between the available UEMs is 

mainly dependent on time and financial constraints. A summary of previous methods is 

given in Table 2.3. The usability evaluation methods discussed above present both weak 

and strong points. The outcomes of usability assessment are significantly influenced by a 

range of factors, which therefore warrant close attention. These matters are discussed in 

greater detail in the next part. 

Method User Involved? Role of Usability Evaluators 

Model/Metrics-based No 
Creating usability measures through applying the 

model or tool 

Usability Inquiry Yes 
Try to understand the usability problems of the target 

system by communicating with users 

Usability Inspection No 
Evaluators attempt to discover usability problems via 

reviewing and examining the target system 

User-based UEMs Yes 
Obtain and examine data to identify usability problems 

through observing users 

Table 2.3: Categories of UEMs (Zhijun, 2007) 
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2.4 Factors affecting usability evaluation methods  

The section provides an outline of the possible factors which are capable of impacting the 

usability evaluation results. Figure 2.4 presents the summarised data of a range of possible 

factors that impact the results and procedure of UEMs, in particular the tasks, the number 

of participants, usability measures, environment of the testing, and other factors 

(AlShamari and Mayhew, 2010); while the additional details are given in the following 

sections to discuss their importance and impact on usability results. 

Figure 2.4: Factors that impact usability evaluation methods 

2.4.1  The Number of participants 

There are implementation costs to every UEM, so deciding the sample size is essential 

when planning method application, with costs and advantages having to be appropriately 

balanced. Numerous studies have sought to answer the question regarding the ideal 

number of participants, which is highly significant for developers, designers, market 

researchers and usability practitioners alike. Thus, usability engineering and HCI 

researchers and professionals pay ample attention to this question due to its implications 

for assessment outcomes. However, the intensive and prolonged debate between 

researchers has not succeeded to establish a suitable rule for setting sample size, due to 

divergence of opinion among usability practitioners. The significance of this challenge in 

HCI lies in the fact that it is impossible to anticipate the number of existing issues. Hence, 

the number of participants needed to identify the problems with interface is estimated by 

assuming the number of expected problems which are practically difficult to predict 

(Lazar et al., 2017). 

Problematic aspects, such as research goals, project magnitude, and research design, 

make it highly difficult to settle the question definitively. The sample size determination 
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requires careful consideration in the case of a single sample of the participants in the 

experiment or there was more than one sample (Rubin and Chisnell, 2008). In the case 

that there are more than one sample of the participants, a small sample can be used 

consisting of four or five participants per sample; while in the case that there are one 

sample, this requires an increase in the number of participants (Rubin and Chisnell, 2008). 

The following section addresses the two dominant perspectives on this matter, one stating 

that the majority of usability issues can be determined with a sample of five participants 

and the other stating that many more participants are needed. 

Virzi (1992), Nielsen and Landauer (1993), and Lewis (1994) are among the proponents 

of the first perspective and they argue that a sample of five participants (the ‘magic 

number’) is sufficient to determine 80% of usability issues (Turner et al., 2006). They 

suggested this number of participants on the basis of the analysis conducted on the results 

obtained in the numerous empirical studies. According to Nielsen (2000), a proportion of 

85% of usability issues in a user interface could be identified with just five users. More 

specifically, the first user could identify one third of existing usability issues, the second 

user would display similar behaviour to the first with a few exceptions, which would also 

be the case with the third user, who would discover only a few new issues. Thus, the 

greater the number of users, the less new information would be discovered, and the use 

of more than five users would result in misuse of time and resources (Nielsen, 2000). He 

introduced the performance curve of the users is presented in the graphic of Figure 2.5. 

This curve indicating how the number of identified issues and the number of participants 

are correlated. As observed by Nielsen (2000), the higher the number of users, the lower 

the number of new issues will be.  

	

Figure 2.5: Number of the users and identified usability problems (Nielsen, 2000) 

The perspective of the five-participant sample formed the focus of a panel discussion at 

the Conference on Human Factors in Computing Systems 2003 (CHI’03) (Bevan et al., 

2003). Nielsen argued in support of this perspective during the panel discussions by 

stating that it represented ‘discount usability’ with iterated evaluation.  Nevertheless, it 

did not put an end to the arguments over the controversies and different opinions 
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regarding the identification of the issues and the claim that “five users are able to identify 

85% of usability problems” (Bevan et al., 2003).  The arguments put forth by the 

advocates of Nielsen’s theory included the fact that it is an appropriate theory when the 

goal is a discount approach, when the test team and clients can cooperate closely, and 

when the aim was discovery rather than validation of results (Bevan et al., 2003). 

Estimation of the problem discovery rate (p), which represents the average of the number 

of participants who experience every identified issue (Lewis, 2001) is achieved in this 

perspective based on the formula below: 

o Percentage	of	usability	issues	that	can	be	detected	(P) 	= 	 (1 − (1 −
9):) 	× 100) 

In the above formula, the average problem discovery rate calculated across subjects/issues 

is denoted by p, the number of participants is denoted by n, and the proportion of 

identifiable issues is denoted by P. To determine p value, Albert and Tullis (2013) stated 

that all the usability issues detected during the test must be listed; subsequently, all the 

usability issues for every participant must be marked and the overall number of usability 

issues determined by every participant must be added; the figure obtained is then divided 

by the overall number of issues. Finally, calculate the average results for all participants. 

However, calculation of the adjusted problem discovery rate for the estimation of the 

sample size is required in the case of using small sample sizes (less than 20 participants); 

this is a recommendation aimed at bias reduction and overestimation possible (Lewis, 

2001; Zapata and Pow-Sang, 2012; Lewis, 2012). According to Lewis (2001), bias of this 

kind "can lead to serious underestimation of required sample sizes and serious 

overestimation of the proportion of discovered problems". Fortunately, the research 

conducted by Lewis (2001) focused on a key objective to examine the opportunities to 

improve accuracy of estimating the true p by amalgamating estimates of p with GT 

methods and normalisation. In fact, the formula’s efficiency for the adjustment of p has 

been illustrated through a range of Monte Carlo experiments (Sauro and Lewis, 2016). 

This offers a realistic change in terms of the estimates of p (pest) and occurs irrespective 

of whether the sample size is as small as two participants. Thus, the problem discovery 

rate or p value had to be adjusted in this thesis for identification of 80% of usability issues 

by each UEM. The mentioned adjustment entailed the averaging on the basis of the 

normalisation method offered and Good-Turing discounting (Lewis, 2001), as follows: 
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padj: the p value after adjustment 

pest: the unadjusted P value 

n: the sample size 
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GTadj: the adjuster ‘Good-Turing or the number of usability issues exposed by a single 

participant in the study divided by the overall number of usability issues detected (Lewis, 

2001; Lewis, 2006a).  

“The pest /(1+ GTadj) component in the equation produces the Good-Turing-adjusted 

estimate of p by dividing the observed, unadjusted estimate of p (pest) by the Good-

Turing adjustment to probability space. The (pest - 1/n)(1 - 1/n) component in the 

equation produces the normalized estimate of p from the observed, unadjusted estimate 

of p and n (the sample size used to estimate p). The adjustment uses the average of these 

two estimates, because the Good-Turing estimator tends to overestimate the true value of 

p, but normalization tends to underestimate it” (Lewis, 2006a). 

By contrast, those who disagreed with Nielsen’s theory maintained that a number of five 

users was sufficient in some cases such as when usability issue identification was 

straightforward (Bevan et al., 2003). To highlight that five participants were not enough 

for high detection of usability issues, Lindgaard and Chattratichart (2007) made reference 

to the work conducted by Spool and Schroeder (2001), who found that five participants 

could only identify 35% of usability issues. Furthermore, Lindgaard and Chattratichart 

(2007) also cited the study by Faulkner (2003), which revealed that five participants could 

identify only 55% of known usability issues. The analysis of Hwang and Salvendy (2010) 

covered the quantitative data obtained as a result of twenty-seven experiments. Each of 

the studies implied using three evaluation methods, while the samples in each of them 

were determined via the use of linear regression. They found out that Cognitive 

Walkthrough (CW) required eleven participants, Heuristic Evaluation (HE) – eight, and 

Think Aloud (TA) – nine for the discovery of 80 % of problems with usability. Based on 

these findings, the authors suggested that, under normal conditions of assessment, the 10 

± 2 rule should be applied to obtain the best sample size. According to Macefield (2009), 

a reasonable range was eight to twenty-five participants, with ten to twelve participants 

representing an adequate baseline range. Woolrych and Cockton (2001) directed criticism 

at the five-participants theory for disregarding dissimilarities between individuals. 

According to a cost-advantage analysis, small projects required seven participants, 

medium-large projects required fifteen participants and large projects required twenty 

participants  (Lindgaard and Chattratichart, 2007). Another recommendation is to make 

the so-called magic number double in case of statistical analysis (Dix et al., 2004). As the 

obtained results are conflicting, there is still uncertainty regarding the required sample 

size for identification of a sufficient number of usability problems (approximately 85%). 

It is a matter of crucial importance to study the sample sizes as it is beneficial for the 

usability practitioners assisting them in reducing the cost of their practice with no negative 

impact on the efficiency. The appropriate number of participants for each UEMs used in 

this study was identified in Section 3.4.8.1.1 and Section 3.4.8.1.2. 

2.4.2 Test Environment 

Nowadays, usability testing no longer necessitates a fixed location, but can be carried out 

in a wide range of settings, including at home, in a classroom, or in a virtual reality 
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environment; moreover, if users are unable to go to the testing site, usability engineers 

can go to them as data collection at remote locations is made possible by portable lab 

systems (Wichansky, 2000). It is possible to conduct the usability tests in the workplace 

field (field experiment), or in a specially equipped usability laboratory (laboratory 

experiment) (Rubin and Chisnell, 2008; Dix et al., 2004). These two types differ primarily 

in terms of the fact that the former is conducted in the real environment, with collection 

of data in a natural setting, whereas the latter is conducted in an artificial environment 

where it is possible to control and therefore measure the impact of factors influencing the 

experiment.  

Unlike the laboratory, a real-use context could facilitate identification of some usability 

issues. To give an example, in a study conducted by McDonald et al. (2006), it was 

determined that a proportion of two-thirds of the detected issues were associated not with 

the assessed system, but with the context of use. Conducting usability testing in the real 

context of use is advantageous to the users as they are more comfortable in an 

environment they known; however, evaluators may encounter difficulties, because they 

have less control over disruptions and there may be differences between sites in terms of 

equipment availability or the equipment may have to be carried to the assessment site. In 

addition, field methods involve more effort, take longer to complete and test environment 

can be uncomfortable (Rubin and Chisnell, 2008).  

The experiment is a commonly used method in IS research (Oates, 2006), especially in 

the HCI field (Lazar et al., 2010; Oates, 2006). In a review of around 1900 articles in the 

IS field published between 1991 and 2001, Chen and Hirschheim (2004) found that most 

of the studies (60%) employed an empirical approach, whereas the remaining 40% 

employed a non-empirical approach. As noted by Preece et al. (2015), assessment of 

system usability is usually conducted in a controlled laboratory environment (see section 

3.4.8.3). Although a controlled laboratory is the usual setting for usability testing, Wolf 

et al. (1989) have argued that the laboratory was not a suitable environment for 

undertaking HCI experiments because cost considerations hindered provision of 

appropriate design guidance, and because the ability to generalise results in real life might 

be called into question by test performance under laboratory conditions. The laboratories 

require facilities and staff, which Tullis et al. (2002) mentioned that these requirements 

are among the main reasons for the cost of laboratories. Wolf et al. (1989) reported a 

number of cases in which a product that was confirmed to be usable in the laboratory was 

not usable in real life due to the fact that the conditions of testing had not been the same 

as the conditions for use in real life. To explain the lack of success of a laboratory 

experiment, the authors proposed reasons:  a controlled lab is not a good environment for 

motivation as the users can avoid doing the tasks which are not of actual interest for them; 

the aspect of social context is not taken into account in a lab as the users in real life 

typically refer to a certain social network for the required motivation and support, if 

needed; a laboratory precludes temporal frames as in real life the users may not undertake 

their work continuously but in intervals; and a laboratory overlooks the work context of 

the users, who may not want to dedicate time and effort to something they do not consider 

to be their responsibility Wolf et al. (1989). Nevertheless, laboratory experiments are not 
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completely disadvantageous; they can make it easier to compare different systems (Wolf 

et al., 1989). Laboratory is more helpful for evaluators, as it provides a well-equipped and 

suitable setting for testing, but it requires users to travel to get there. For purposes of 

conduct the comparison studies, usability testing can be made more valid by conducting 

it in a controlled laboratory (Lazar et al., 2017). Regarding the controlled environment, 

two categories of factors, namely, physical factors and social factors, alongside other 

factors such as Internet speed and machine are discussed in detail in Section 3.4.8.3.

2.4.3 Usability Measures 

Comparison of multiple usability evaluation methods is a valuable subject for researchers 

in the field of usability because it gives them a clear understanding of how to compare 

such methods. Usability researchers can better comprehend the strategy of comparing 

multiple usability evaluation methods by undertaking the actual process of comparison. 

A comparison study of UEM is “any empirical summative evaluation that compares 

performance (by any measure) among UEMs” (Hartson et al., 2003). Usability measures 

are the “data which reflect the results of users interacting with the product or work 

system” (ISO 9241-11, 1998). According to Bevan (2008), usability measures are pursued 

by researchers “to obtain a more complete understanding of users’ needs and to improve 

the product in order to provide a better user experience” (Bevan, 2008). Furthermore, as 

noted by Tullis and Albert (2008), in the absence of the data provided by usability metrics, 

“important business decisions are made based on incorrect assumptions, ‘gut feelings’, or 

‘hunches’.”. In fact, most researchers tend to use usability metrics without relying on 

comparison criteria (Hartson et al., 2003). Hartson et al. (2003) explained this lack of 

criteria in terms of the challenge of identifying agreed criteria for comparing UEMs; the 

challenge of establishing agreed definitions and measures on which the criteria can be 

built; and the challenge of identifying constant and uniform procedure for both 

conducting and comparison of UEMs. They stated that the difficulty faced by researchers 

when comparing UEMs is that this field is still young compared to other old scientific 

fields and this has created difficulties in finding studies that have established agreed 

criteria for comparing UEMs while the second difficulty is that such methods are in fact 

changeable and unstable. With regard to usability measurement, and especially selection 

of usability measures, not much guidance can be found in the HCI literature (Hornbæk 

and Law, 2007). The selection of measures is challenging in practice, with over 54 

different types of measures being detected by a recent review of usability measures 

employed in HCI studies (Hornbæk and Law, 2007). This point is supported by Hornbæk 

(2006) who stated that it was challenging for usability studies to decide on the most 

appropriate measurement methods. 

Among the first UEMs comparisons to be undertaken, which served as a baseline for 

subsequent comparisons, was the one undertaken by Jeffries et al. (1991). This study 

conducts a comparison of heuristic evaluation, software guidelines, cognitive 

walkthrough and usability testing based on the criteria of number of identified problems, 

their severity, usability problems type and assessment duration. According to the findings 

obtained, the methods of highest effective are heuristic evaluation based on evaluator 
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expertise, which can detect the highest number of problems, and are cost-effective. By 

contrast, low-priority problems are dismissed by usability testing, which can successfully 

detect grave serious usability problems. On the downside, one should also point out to the 

fact that it is the most expensive testing method, which requires a significant amount of 

time for analysis compared to other methods (Jeffries et al., 1991). In their work entitled 

"Damaged merchandise?", Gray and Salzman (1998) severely criticised not only the 

UEM comparison undertaken by Jeffries et al. (1991), but also other existing 

comparisons. This work investigated comparisons of UEMs as scientific experiments and 

questioned their validity. The result of this study was a set of recommendations in order 

to enhance the validity. These recommendations are discussed and taken into account 

during the preparation of this research, as mentioned in Section 3.6. However, lack of 

validity comparison is the main cause of the problems facing UEM comparative studies 

(Gray and Salzman, 1998), but even so, it is believed that it is better to have flawed 

comparison than no comparison. The main point to bear in mind is that care should be 

taken to undertake future comparative studies of UEMs systematically and seek to ensure 

validity. The choice of relevant criteria for comparison has always been challenging as 

no agreed criteria between researcher, despite the obvious importance of having a 

standardised set of criteria.  

2.4.3.1 Selection of usability measures 

In fact, there are no standard exists regarding the selection of measures and a minimum 

of one measure is typically provided for every usability criterion such as effectiveness, 

efficiency and satisfaction (Park and Hwan Lim, 1999). However, UEMs are geared 

towards ensuring the efficiency, effectiveness and satisfaction of interactions between 

users and systems. ISO 9241-11 (1998) presented effectiveness, efficiency, and 

satisfaction as a standard three aspects of usability. These three aspects are the ones that 

usability research usually focuses on (Hornbæk and Law, 2007). A research by Frøkjær 

et al. (2000) advised including the three aspects of usability which are effectiveness, 

efficiency, and satisfaction. In the case of interface assessment, more than one measure 

of how users perform (i.e. effectiveness and efficiency) and how satisfied they are should 

be used to characterise usability (Park and Hwan Lim, 1999). Hornbæk (2006) 

investigated the usability measures employed in 180 research studies and found that 78% 

and 81% of those studies assessed effectiveness and efficiency respectively, the latter 

being most easily determined based on time measurement. According to Fernandez et al. 

(2013), efficiency is calculated as “the ratio between the number of usability problems 

detected and the total time spent on the inspection process”.  Meanwhile, 62% of studies 

assessed satisfaction. Only 13% of the 180 research studies used all three measures.  

In addition, thoroughness, validity, effectiveness and reliability have been proposed as 

reliable criteria for UEM assessment and enabling different UEMs to be compared 

(Hartson et al., 2003). Thus, a subset of a UEM comparison method devised by Hartson 

et al. (2003) constituted the basis for comparison of UEMs. For example, Somervell 

(2004) has adopted these criteria introduced by Hartson et al. (2003) in order to evaluating 

usability evaluation methods and he justified this decision for several reasons such as "it 

is at or near the top of the list of current, accepted methods; the comparison technique 
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relies on multiple measures for each UEM, providing a more robust indication of the 

overall “goodness” of the UEM; and finally, the technique stresses the utilization of a 

usability problem set as the basis for comparing the methods". The thoroughness defines 

as “the extent to which a usability evaluation method can identify real usability problems” 

(Khajouei et al., 2011). It can be calculated by finding the ratio between the number of 

real problems found to the number of problems that exist (Hartson et al., 2003; Sears, 

1997). The validity defines as “the extent to which a usability evaluation method 

accurately identifies usability problems” (Khajouei et al., 2011). It is calculated by finding 

the ratio between the number of real problems found to the total issues identified as a 

problem (Hartson et al., 2003; Sears, 1997). The effectiveness defines as “the product of 

thoroughness and validity" and can be calculated by the multiplying thoroughness with 

validity (Hartson et al., 2003). Effectiveness will be low if thoroughness or validity is 

low. The values assigned to all these criteria are in the range 0 -1 (Hartson et al., 2003). 

They can be calculated as follows. 

o VℎXYXZ[ℎ\]^^ = 	 _`.`b	cD=d	eE=fgdgFh	Kc`fdDiE	b`e:>
Q`F=d	:`.`b	cD=d	eE=fgdgFh	Kc`fdDiE	DjgEFg:k 

o lmnopoqr = 	 _`.`b	cD=d	eE=fgdgFh	Kc`fdDiE	b`e:>
_`.`b	gEEeDE	g>D:FgbgD>	=E	=	eE=fgdgFh	Kc`fdDi 

o stt]uqov]\]^^ = 	VℎXYXZ[ℎ\]^^	 × 	lmnopoqr 

2.4.3.2 The realness of the usability problem 

In fact, comparison of UEMs is frequently based on straightforward measures like the 

number of identified usability issues, because the measures of validity, thoroughness and 

reliability are more complex and demand at least predictions from real use. Hartson et al. 

(2003) have been advised to take into account the realness of the usability problem when 

measuring both validity and thoroughness. In their studies stressed the importance of 

realness of usability problem on these criteria. They indicate to usability problems derived 

from laboratory-based testing as a criterion to create a list of real usability problems. 

Hence, usability testing has been not only a popular benchmark, but also has been used 

to confirm the predicted problems, particularly in the case of usability inspection 

methods. Woolrych et al. (2005) state that “Standard measures of inspection method 

effectiveness are calculated from hits, misses and false positives (thoroughness = hits / 

(hits + misses), validity = hits / (hits + false positives), effectiveness = thoroughness x 

validity”. During UT methods process, all problems that observed by an observer are real 

problems because it is the drive from real users. In contrast, all usability issues that 

detected by evaluators during the process of UES-HE, URS-HE or HE methods are 

predictions problems because it is produced from evaluator’s experience and represent 

the subjective judgments of the evaluator. Therefore, some of these predictions problems 

may not hinder users in real usage and coded as "false positives". This kind of problems 

should eventually be removed from evaluator report. Other type of usability problems are 

hits and misses. Both types are categorized as real problems. A Hit problems is “the 

evaluation claims that a specific issue is a problem, and it really is a problem for real 

users” whereas miss problems is “the evaluation claims that a specific issue is not a 

problem, but it really is a problem for real users” (White, 2014). Regarding UEMs 

comparison, the former can refer to real problems that are shared by more than one UEMs 
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whereas the latter refers to real problems discovered by the UEM and not discovered in 

another UEM. Therefore, the realness of a usability problem become more important with 

methods that depend on subjective judgments of the evaluator. Expert review and 

judgment are one of the techniques can be used to determine the realness of a usability 

problem, in another word to determine if it is a real or false problem (Hartson et al., 2003). 

In this study, two independents evaluators were involved in taking this role depend it on 

their experiences. Regarding utility and validity of UEM, as defined by Blandford et al. 

(2008), utility and validity respectively indicate how useful a method is for purposes of 

usability assessment and the extent to which the acquired data are relevant for actual use 

of the system in question. Finally, the real problems that find in one method but do not 

identify by other methods are coded as "unique problems" (Andreasen et al., 2007).  

Ultimately, each inspection usability methods try to have a high hit rate and low false 

positives rate. 

2.4.3.3 Reliability 

Reliability criteria are the measures that indicate how consistent usability assessment 

outcomes are over a range of participants (Hartson et al., 2003). Thus, as Hartson et al. 

(2003) explained, a UEM can be confirmed to possess reliability when an experiment can 

be iterated with similar results over a series of experimental with minor differences. 

According to Hertzum and Jacobsen (2003), “The evaluator effect is a measure of 

reliability only”. The evaluator effect defined as “the common finding that people who 

evaluate the usability of the same product report different sets of problems” (Wilson, 

2014a). Both  the detection rate and the any-two agreement are considered traditional 

measures for the evaluator effect (Hertzum et al., 2014). There are several approaches to 

computation of the reliability criteria. It can be calculated by applying the average 

detection rate. This entails division of ”the average number of problems detected by a 

single evaluator in percent of the total number of problems detected by all evaluators” 

(Hertzum et al., 2014). Detection rate equation is as follows:  

o Detection	rate	 = 	Average	of	 |{||
|{	}~~| 	over	all	evaluators 

where ‘�Ä’ refers to the problems identified by evaluator ‘i’, and ‘� ÅÇÇ′ refers to the 

problems identified by all ‘n’ evaluators (Hertzum and Jacobsen, 2003). 

However, the average detection rate is impacted by the number of evaluators (Hertzum 

and Jacobsen, 2003). More specifically, a high detection rate is achieved with a small 

number of evaluators and a low detection rate is achieved with a high number of 

evaluators. For instance, the rate will be halved if two evaluators are used without any 

overlap between them (Hertzum and Jacobsen, 2003). The above-mentioned shortcoming 

prompted researchers to create a new approach, known as any-two-agreement, which is 

geared towards measurement of the level of agreement between two evaluators regarding 

the identified usability problems. It is determined by dividing “the number of problems 

two evaluators have in common divided by the number of problems they collectively 

detect, averaged over all possible pairs of two evaluators”. The result can be in the range 
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from 0% to 100%, where 0% means that the participants cannot reach consensus on any 

usability problem, and 100% proves that all the participants have reached agreement on 

all the usability problems (Hertzum and Jacobsen, 2003). Any-two agreement equation is 

as follows: 

o É\r	VÑX	É[Y]]Ö]\q = 	Év]Ym[]	Xt	 |{|∩{á||{|∪{á| 	Xv]Y	mnn
@
A 	\	(\ −

1)	9moY^	Xt	]vmnZmqXY^ 

where 'Pi' and 'Pj' refers to the problem discovered by evaluator 'i' and the other evaluator 

'j', and 'n' refers to the number of evaluators (Hertzum and Jacobsen, 2003). 

2.4.3.4 Cost of Employing UEMs 

Alongside the usability measures discussed above, an additional key aspect that can be 

considered in applying UEMs for evaluation purposes is cost. In this regard, the 

perspective held by some practitioners of usability is that it is impossible for a UEM to 

identify all existing usability issues, so they can not use more than one method of UEMs 

in order to achieve the best possible result in terms of coverage of most usability problems 

as much as possible because this would increase costs and expenses. This situation calls 

for an inexpensive and time-effective method.  

Discount evaluation of heuristic evaluation has been advocated by Nielsen (2009) as one 

such method. However, such researchers argued that this method was not effective 

enough (Cockton and Woolrych, 2002). In particular, the discount method was criticised 

by Cockton and Woolrych (2002) that required improvement. The analysis, match, merge 

and integration of UEM data is time-consuming. For this reason, a cost-based comparison 

between UEMs, especially UT and HE, has been undertaken by a number of studies, most 

of which have demonstrated that the design, conducting and data analysis of UT involves 

greater costs than HE. To give an example, HE, software guidelines, cognitive 

walkthrough and UT were compared by Jeffries et al. (1991) with regard to the cost per 

hour of every participant for every method, revealing that the lowest and highest scores 

were respectively obtained by HE and UT. Law and Hvannberg (2002) corroborated that 

HE involved fewer costs compared to UT, respectively requiring 9 hours and 200 hours 

for method design and implementation. Likewise, Molich and Dumas (2008) reported 

that HE necessitated only 67 hours, by contrast to UT, which required 199 hours, so the 

latter was more expensive. In terms of participant recruitment for usability studies, 

Nielsen (2003) estimated that the average cost for one user was $171. Determination of 

cost estimates helps to determine the cost of contracting the services of an evaluator. This 

can be achieved by using the equation below, which was proposed by Nielsen (1994b), 

who estimated a cost of $100 per hour for participant recruitment and stated that the cost 

could be calculated by "multiplying the number of hours by an estimate of the loaded 

hourly cost of professional staff". This figure enables calculation of how much it costs to 

implement every UEM in a business context. Thus, cost equation can be formulated as 

follows: 



Chapter 2 : Literature Review 

42 

o Cost of a UEM = (Number of hours “Time”) × (An estimate of the loaded 

hourly cost of the participants “$100”)  

2.5 Chapter Summary 

In this chapter, an introduction to the field of HCI has been provided, alongside an 

exploration of the nature and categories of usability and of the existing UEMs for 

assessing how usable user interfaces are. Furthermore, existing challenges associated with 

usability evaluation (e.g. sample size, measures, environment) have been examined.  

As far as the current researcher is aware, it has been identified that no attention has been 

directed towards the formulation of an approach integrating the strengths of HE and UT 

which are considered the most important methods used in evaluating user interfaces.  

Together with the evidence from the literature, this highlights the necessity for further 

work to obtain a method suitable for assessment of website usability. More specifically, 

the analysis of the literature demonstrates that the most important shortcoming of the HE 

method is to ignore the user's involvement. To date, there is no, or, very little, research to 

examine the real user's role in the evaluation process of HE; although all UEMs 

established in order to discover the difficulties faced by the user while browsing for the 

user interface. Therefore, the overall aim of this study is to investigate the influence of 

users on the non-expert evaluator outcomes of HE method, by involving the user in the 

evaluation process of HE through the so-called user session. 

Regarding the collaborative HE (CHE) method, relatively few research studies have 

addressed the topic. This is due to the fact that the HE method uses traditional HE 

techniques, where each evaluator performs the evaluation independently rather than in a 

group. Thus, knowledge regarding the benefits and drawbacks of CHE are still relatively 

unknown, which stems from the lacuna in the literature. As a result, it is difficult to 

provide a detailed explanation of the advantages of collaborative evaluation practices. As 

an attempt to tackle this issue, this investigation is the first to present a thorough 

comparison of the traditional HE method and CHE. Therefore, two formats of a 

collaborative HE method have been suggested. In conclusion, a possible method for the 

future is CHE, and new literature in this field will prove to be important in this industry. 

The following chapter presents a review of the main qualitative and quantitative research 

techniques, illustrating the benefits and shortcomings of each method and the justification 

behind their choice for this study. Furthermore, it reviews the research philosophy, 

research methods, and research design employed in this study and justifying their use. 

The chapter ends by distinguishing the data analysis applied to analyse the study data. 
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3  RESEARCH 

METHODOLOGY 

3.1 Introduction  

The overall aim of this research is to investigate the influence of users on the non-expert 

evaluator outcomes of HE method, and to this end, a number of objectives have been 

formulated. These objectives are: to conduct a review the issues in the relevant literature 

relating to the usability evaluation field in general and the heuristic evaluation method in 

particular on dynamic websites; to examine the influence of user session design on 

heuristic evaluation results through the implementation of a series of planned 

experiments; to evaluate how usability metrics are correlated; to determine the adequate 

number of UEM evaluators/users necessary to attain satisfactory results; and to put forth 

recommendations for website stakeholders, developers and usability researchers. 

In previous chapter (Chapter 2: Literature review), the research related with UEMs were 

reviewed. It shows the important methods used to evaluate the usability of dynamic 

website. Also, the first chapter (Chapter 1: Introduction) addresses the knowledge gap in 

the literature review. In the present chapter, the research methodology implemented to 

achieve the research aims and objectives is presented, the procedures adopted to carry out 

the three experiments and to analyse the research results are indicated, and aspects related 

to research reliability and validity are clarified. 

Research methodology can be understood as "the philosophy or general principle which 

guides the research" (Dawson, 2002) or as a systematic approach to addressing a research 

problem (Kothari, 2004). A model in the shape of a honeycomb was created by Wilson 

(2014b) to show how the research methodology was correlated with the six research 

concepts of research philosophy, research approach, research strategy, research design, 

data collection, and data analysis techniques as shown in Figure 3.1. Of these six 

concepts, research philosophies (e.g. scientific and interpretivist), research approaches 

(e.g. inductive and deductive), and research strategies (e.g. quantitative and qualitative) 

were identified as the three main concepts (Wilson, 2014b). The present research adopts 

this structure of research methodology. Indeed, research methodology can be construed 

as a general framework comprising the various research blueprints. 

In order to develop an appropriate research methodology, the researcher must have an 

understanding not only of the research methods and research design, but also of the three 
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main elements of the research methodology (i.e. research philosophy, research strategy, 

research approach), each of which is addressed in the following sections. 

	

Figure 3.1: The research methodology model known as the honeycomb (Wilson, 2014b) 

3.2 Research methodology overview  

For any researcher, the starting point is selection of the research subject and identification 

of the research problem, which requires the formulation of a comprehensive multi-step 

plan that includes the research philosophy. However, prior to outlining the research 

philosophy, the term “research” must be defined; as its name implies (“re” + “search”), 

the purpose of research is to search the existing knowledge repeatedly in order to generate 

new knowledge. A wide range of definitions have been proposed for the term research. 

For instance, research has been simply defined by Dempster and Hanna (2015) as a 

methodical approach to data/information collection for the purposes of hypothesis testing. 

Similarly, Habib et al. (2014) explained that research is a rational and academic 

examination to ascertain precepts or evidence or, to collate data on a topic that can then 

be depicted thoroughly and precisely. The definition provided by Saunders et al. (2016) 

is particularly noteworthy, describing research as "a process that people undertake in a 

systematic way in order to find out things, thereby increasing their knowledge". In this 

definition, "systematic way" and "to find out things" are the key phrases, respectively 

referring to the fact that the research is rooted in scientific procedures rather than merely 

belief; and that the research is intended to fulfil a specific goal, like addressing a question. 

Thus, the main implication of these definitions is that a research is above all intended to 

investigate unknown facts and produce new knowledge about them. 

The three major aspects of any research methodology (i.e. research philosophy, research 

strategy and research approach) are succinctly discussed in the following sections. 

Subsequently, the concept of triangulation is explained and the correlation between these 
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three aspects is presented. Last but not least, the matter of selection of an appropriate 

research methodology is discussed. 

3.2.1 Research philosophy 

According to Saunders et al. (2016), the research philosophy or paradigm represents a 

series of beliefs and assumptions regarding the manner in which knowledge is developed, 

conveying the researcher’s vision and approach to conducting the research. The research 

assumptions facilitate identification of the employed research strategies, approaches and 

methods, whilst at the same time helping the researcher to strengthen his/her skills as well 

as confidence in the selection of an appropriate research methodology (Holden and 

Lynch, 2004). In spite of this, some researchers consider that the clarification of these 

assumptions is not important and prefer to keep them undisclosed (Creswell, 2014). Three 

main reasons were outlined by Easterby-Smith et al. (2012) to emphasise how important 

it was for the researcher to comprehend the research philosophy.  

• The first reason was that such comprehension enabled the researcher to define the 

research design, including determination of type of evidence, collection and 

interpretation methods, and ideal approach to address the research questions.  

• The second reason was that the research philosophy supported the researcher in 

identifying the appropriate research design and the limitations of different 

approaches.  

• The third reason was that the research philosophy allowed the researcher to 

determine or change a design that was inconsistent with his/her research 

experience or else to adjust a research design in keeping with knowledge 

limitations. 

Positivism/scientific and interpretivist/anti-positivist research philosophies are the two 

fundamental research philosophies that the researcher can rely on to formulate the 

research design and research methods (Saunders et al., 2016; Wilson, 2014b). Neuman 

(2014) concurs, observing that today’s social research philosophy is founded on both 

scientific and interpretivist approaches. In particular, he emphasised that a scientific 

approach is viewed as the most predominant and ancient social investigative approach. 

As explained by Wilson (2014b), the scientific research philosophy is based on the 

premise that the researcher’s role should be objective, and therefore the researcher should 

not interact with the participants so as not to influence them in their responses or 

behaviour. Furthermore, the scientific research philosophy is geared towards objective 

observation and description of a phenomenon, instead of comprehensively analysing a 

phenomenon, and therefore, research variables frequently need to be measured. On the 

other hand, the interpretivist research philosophy is based on the premise that the 

researcher’s role should be subjective (Wilson, 2014b), and therefore the researcher 

should interact with the participants and influence the process of participant assessment. 

These two types of research philosophies (scientific and interpretivism) share many 

aspects of the research process, but they differ significantly with regard to the manner in 
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which knowledge is acquired. The matter of choosing the appropriate research philosophy 

for this thesis will be discussed later in Section 3.2.4. 

3.2.2 Research strategy 

Quantitative and qualitative research strategies are the types of research strategies most 

commonly used (Adams et al., 2007; Mackey and Gass, 2005; Kothari, 2004). Creswell 

(2014) differentiated between the two types by highlighting that the quantitative strategy 

was designed to investigate correlations between variables as a way of assessing objective 

theories, while the qualitative strategy sought to “exploring and understanding the 

meaning individuals or groups ascribe to a social or human problem". To put it differently, 

the quantitative strategy has a higher degree of objectivity and uses methods such as a 

Likert scale questionnaire or laboratory experiments to collect data and generate results 

in numerical form. Furthermore, due to their numerical nature, quantitative data are 

processed through statistical techniques and the results are generally presented as 

numbers, tables, charts or statistics. On the other hand, the qualitative research strategy is 

a more subjective method that is concerned with investigation of behaviours and attitudes 

through such methods as focus group or interview. Due to their narrative nature, 

qualitative data require in-depth explanation, and the results take the form of descriptions 

or written interpretations, without inclusion of numerical measurements. The quantitative 

strategy is usually preferred by researchers who have statistical skills, are familiar with 

statistical programs, and express an inclination towards the use of academic writing 

(Creswell, 2014). By contrast, the qualitative strategy is typically preferred by researchers 

who have analytical skills and are more inclined towards literary writing and interviewing 

(Creswell, 2014). A researcher’s choice of research strategy is generally determined by 

the different previous skills he/she possesses. However, the appropriate strategy for this 

research has been selected based on the nature of the requirements of this research. 

Therefore, the matter of choosing the appropriate research strategies for this thesis will 

be discussed later in Section 3.2.4. 

3.2.3 Research approach 

There are two main types of research approach, namely, the deductive and inductive 

approach (Wilson, 2014b; Saunders et al., 2016). As explained by Saunders et al. (2016), 

the inductive approach helps the researcher to investigate the reason(s) for the occurrence 

of a phenomenon, while the deductive approach helps to find out what is happening. The 

following figure illustrates the process underlying each approach: 
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Deductive Inductive 

  

Figure 3.2: The process of the deductive approach and of the inductive approach (Trochim, 

2017) 

The above figure shows that the direction of progression of the deductive process is from 

a general form to a specific form, whereas the direction of progression of the inductive 

process is from specific observations to theoretical conclusions (Trochim, 2017). Owing 

to their direction of progression, the deductive and inductive processes are respectively 

known as the top-down approach and the bottom-up approach. The process of deduction 

involves formulation of the theory and research question, followed by selection of an 

appropriate methodology to investigate that question. On the other hand, the process of 

induction involves collection and analysis of data, followed by conclusion drawing to 

formulate theories (Saunders et al., 2016). Thus, by comparison to the deductive 

approach, the inductive approach is more straightforward because it does not require 

hypotheses or theories. The matter of choosing the appropriate research approach for this 

thesis will be discussed later in Section 3.2.4. 

 

Now that the three major concepts of research methodology (i.e. research philosophy, 

strategy and approach) have been defined in Section 3.2.1, Section 3.2.2 and Section 

3.2.3, the relationship between them must be clarified. This relationship has been 

presented by Wilson (2014b) as shown in the following table: 

 
Research 

approach 
Ontology Research strategy 

Positivism/ 

scientific 
Deductive Objective Quantitative 

Interpretivism Inductive Subjective Qualitative 

Table 3.1: The relationship between research philosophy, research strategy and research 

approach (Wilson, 2014b) 

The above table illustrates how the three elements of research methodology are correlated, 

facilitating decision-making about the choice of the most appropriate methods for 

conducting the research process. Thus, quantitative research is more compatible with a 
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scientific philosophy and a deductive approach, whereas qualitative research is more 

compatible with an interpretivist philosophy and an inductive approach. 

The scientific philosophy tends to be preferred by researchers who believe that knowledge 

can be learned, while the interpretivist philosophy is preferred by researchers who believe 

that knowledge can be acquired from observation. The employment of more than two data 

collection methodologies for this thesis will be discussed later in Section 3.2.4. 

3.2.4 Choosing the appropriate research methodology 

During the planning stage, the researcher should give due consideration to the selection 

of an appropriate research methodology. However, there is no particular method that 

should be used when formulating the research methodology. Selection of a specific 

research methodology or methods is especially challenging in the IS field (Information 

Systems) because it consists of multiple domains, including technology, engineering and 

mathematics. So far, no single methodological framework compatible with any kind of 

IS research has been proposed, leading to a proliferation of various philosophies, 

strategies and methods. The factors influencing the selection of an appropriate research 

methodology or the key components of the research methodology have received attention 

from a number of researchers. Among the identified factors are research questions, the 

researcher’s experience and preferences, or the field of study (Palvia et al., 2003; 

Creswell, 2014).  

Wilson (2014b) highlighted research questions and researcher’s assumptions about the 

research in question as two particularly important factors influencing the choice of the 

appropriate research philosophy. With respect to the research strategy, Dawson (2002) 

refuted claims made by other researchers that the quantitative strategy was better than the 

qualitative strategy, maintaining that both strategies had strengths as well as weaknesses, 

so none of them could be said to be better than the other. He argued that researchers 

should use their intuition in selecting the most appropriate strategy and draw on the terms 

used in their research to determine the most suitable strategy. Meanwhile, the research 

question, research target sample, and researcher’s experience were the factors influencing 

the choice of appropriate strategy that were identified by Creswell (2014). With regard to 

the IS field of research, the scientific research philosophy is the research philosophy most 

commonly used (Mingers, 2003; Orlikowski and Baroudi, 1991). For example, around 

1900 IS-related articles published between 1991 and 2001 were reviewed by Chen and 

Hirschheim (2004), revealing that the majority of articles (81%) adopted the scientific 

research philosophy, while only 19% of articles used the interpretive philosophy. 

Furthermore, with regard to the research strategy, the two authors found that a proportion 

of 60% of the articles employed a quantitative strategy, whereas a proportion of 30% used 

a qualitative strategy, indicating a clear preference for the quantitative strategy. 

Based on the above-mentioned considerations, this research study adopts the scientific 

research philosophy due to the measurable nature of the research question and variables. 

Furthermore, given the research objectives and the nature of this research, the quantitative 

and qualitative research strategies are the most suitable research strategies in terms of 
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data collection, as mentioned in Section 3.5.1 and  Section 3.5.2. With regard to data 

analysis, the quantitative strategy is appropriate because of the nature of the measures 

adopted in this research, which are discussed in Section 3.5.1. The deductive approach is 

the selected research approach because the research question is formulated according to 

the review of theories from previous studies. 

3.3 Research method 

Before proceeding to discuss research methods, it must be emphasised that the meaning 

of the terms “research method” and “research methodology” is different and the 

researcher must be aware of this difference. As defined by Bryman (2012), a research 

method is merely an approach to data collection, which may require a specific tool, e.g. 

a self-completion questionnaire or a structured interview schedule, or observation of the 

participant by the observer. To put it differently, a research method represents the tools 

adopted by the researcher to collect the data necessary for research purposes. However, a 

broader definition of research method has been proposed by Kothari (2004), describing it 

as the techniques employed by researchers in conducting their research, rather than simply 

a tool of data collection. Based on this definition, the author distinguished three categories 

of research methods, namely, data collection methods, statistical methods, and methods 

for evaluation of result accuracy. The latter two categories can be deemed as data analysis 

methods, which will be addressed in section 3.4. 

By contrast, research methodology refers to the scientific and philosophical 

underpinnings of a research (Adams et al., 2007). Kothari (2004) provided a more 

comprehensive explanation, observing that, a research methodology involves not only the 

research methods, but also consideration of the underlying logic inherent in these methods 

for the particular context of the research; justifications are included for the employment 

of particular methods or techniques (over others), with the desired outcome that the 

research findings can be evaluated by the researcher or others. In other words, the research 

methodology integrates research methods. 

The research purpose, the available budget and time limitations are the three main factors 

influencing the choice of appropriate research methods (Dawson, 2002). In addition, he 

stated that additional consideration should be given to your own personality, strengths 

and weakness, likes and dislikes when selecting your preferred research methods. Hence, 

in this research, selection of suitable research methods and instruments is based on these 

factors. As suggested by Galliers (1992), with regard to the IS field, research methods 

can be classified as either scientific or interpretivist as shown in Table 3.2. 
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Scientific/Positivist  Interpretivist/Anti-positivist  

Laboratory Experiments  Subjective/Argumentative  

Field Experiments  Reviews  

Surveys  Action Research  

Case Studies   

Theorem Proof  Descriptive/Interpretive  

Forecasting  Futures Research  

Simulation  Role/Game Playing  

Table 3.2: Categorisation of research methods 

In the following sections, research methods associated with the IS field are explored in 

greater depth, indicating the ones that were adopted and those that were rejected in this 

research.  

3.3.1 Case study 

Social studies frequently employ the case study for various purposes. Yin (2013) defined 

the case study as a detailed empirical investigation of a situation (the "case") within its 

own contextual setting, particularly useful where the boundaries between phenomenon 

and its context are indistinct. In addition to a phenomenon, an organisation, event or 

person may also constitute a case. Besides affording an understanding of a phenomenon 

in its real-life context and enabling exploration of “how” and “why” questions, Myers 

and Avison (2002) identified another advantage of the case study, namely, advancement 

of knowledge in research fields in which earlier studies have been limited. Given the 

nature of the current research, the case study cannot help to achieve the desired research 

objectives, so it has not been adopted. 

3.3.2 Action research 

A range of different definitions of action research have been proposed. A particularly 

broad definition is the one put forth by Bryman (2012), who described action research as 

a scientific method integrating both the researcher and the participants in the process of 

diagnosing the problem and identifying a solution. Unlike the case study, action research 

is helpful in answering only “why” questions, and not “how” questions (Yin, 2009; van 

Grinsven, 2009). However, as pointed out by Galliers (1992), action research is 

considered to be part of the case study method, so it has not been employed in this study 

either. 

3.3.3 Descriptive/interpretive research 

The purpose of descriptive or interpretive research is to explore current issues related to 

the topic in question by drawing on previous relevant studies. Through a comprehensive 

and detailed review of previous studies, descriptive or interpretive research enables the 

researcher to gain an in-depth understanding of the topic in question to identify the 
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research problem and establish a research theory, therefore being able to generate new 

knowledge. The fact that it reflects reality is the main advantage of this method, according 

to Galliers (1992). However, the same author also pointed out that the method had 

drawbacks as well, such as the high dependence not only on the researcher’s skills, which 

vary from one researcher to another, but also on the researcher’s ability to recognise the 

research assumptions and biases. The descriptive or interpretive research method has been 

adopted in the present research to conduct a thorough and in-depth review of previous 

studies related to the topic under investigation, as mentioned in chapter two (Literature 

review). 

3.3.4 Interview and questionnaire  

Depending on the types of questions asked, interviews may generate either quantitative 

or qualitative data. More specifically, quantitative data result from closed-ended 

questions, whereas qualitative data derive from open-ended questions. Furthermore, there 

are two types of interviews, namely, one-to-one interview and collective interview, the 

latter also being known as focus group. To ensure that it does not deviate from the topic 

of concern, the focus group discussion is overseen by a moderator, who also seeks to 

obtain the opinions and views of the group. In this study, interviews in the form of a focus 

group were conducted in the context meeting (see section 3.4.6.1). Social studies 

commonly rely on the questionnaire to collect participants’ responses and preferences. 

This method demonstrates significant flexibility because it can be distributed to 

participants either through mail or in person, thus eliminating the constraints imposed by 

geographic boundaries (Nicholas and Bousmaha, 2001). Additional advantages of the 

questionnaire method include cost-effectiveness, ease of use and rapid collection of data 

(Zaharias and Poylymenakou, 2009). In this study, the questionnaire was primarily used 

to determine the satisfaction rating for both users and evaluators in every experiment. In 

fact, the implementation of the questionnaire was done in two stages to collect 

quantitative data via closed-ended questions. The first stage was a pre-questionnaire 

designed to collect personal information from the participants, which is explained in 

detail in Section 3.4.6.3, while the second stage was a post-questionnaire designed to 

measure how satisfied users and evaluators were with the website in question, which is 

explained in detail in Section 3.4.6.4. 

3.3.5 Observation research 

As defined by Beynon-Davies (1998), the method of observation permits collection of 

detailed data about participants’ actions and can be conducted either in the participants’ 

work environment or in the laboratory. There are two types of observation, namely, overt 

observation, whereby participants know that they are being observed, and covert 

observation, whereby participants are unaware that they are being observed. Another way 

of classifying observation is as direct observation, whereby the observer monitors the 

participants directly and takes notes, or indirect observation, whereby the observer is not 

physically present in the same environment as the participants, but monitors them through 

means such as audio or video recordings. A major advantage of the observation method 

is that it provides insight into participants’ actual activities. On the downside, however, 
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observation is prone to observer bias and the observed participants’ performance may be 

distorted by the participants’ awareness that they are observed, thus prompting them to 

perform better. Observation is employed in usability studies primarily for collection of 

data from users during the latter’s interaction with the system. In the present study, direct 

observation has been adopted to identify problems of website usability from users during 

their interaction with the website. In particular, the type of observation undertaken was 

overt observation because all users were aware of being under observation. In addition, 

user data were recording via note-taking, which has been claimed to be the data recording 

method demonstrating the greatest flexibility (Preece et al., 2015). The observation 

process and note-taking are explained in detail in Section 3.4.6.5. 

3.3.6 Triangulation 

As defined by Preece et al. (2015), triangulation is a method that involves the use of 

different perspectives during the research process, and these different perspectives, as 

pointed out by Denscombe (2010), may take the form of different methods, different data 

sources or even different researchers. Triangulation is advantageous because it enhances 

the degree of verification of result accuracy (Jonker and Pennink, 2010; Denscombe, 

2010; Preece et al., 2015; Neuman, 2014) and affords a comprehensive picture of the 

studied phenomenon (Denscombe, 2010; Elliott et al., 2005). On the downside, 

triangulation may be costly to perform, especially if time and money are limited, it is 

challenging to conduct because more than one method requires the use of more than one 

technique of analysis and the researcher must be competent in all the employed methods, 

and it may result in inconsistent results due to the use of more than one method 

(Denscombe, 2010). In this study, different methods of triangulation were adopted, 

namely, the proposed methods (UES-HE, URS-HE, US-HE, US-ICHE and US-CHE) 

together with the HE and UT methods. 

3.3.7 Experimental research 

Social studies often make use of an experimental approach in order to verify whether a 

causal relationship exists between factors and research results, thereby enabling 

validation or rejection of the relationship (Oates, 2006). Gay et al. (2011) maintained that 

no other method apart from the experiment could address cause-and-effect relationships 

and that it was the most structured method. Thus, the experiment method presents several 

advantages, such as the fact that it is essential for most scientific research (Oates, 2006), 

it is the only research method that can prove the existence of relationships between 

variables, and it yields highly accurate measurements and results. However, the 

experiment method also has disadvantages, such as the fact that it creates an artificial 

environment that does not resemble the real environment (Oates, 2006), as mentioned in 

Section 3.4.8.3, it makes it difficult for researchers to control all experimental factors, 

and the identification and recruitment of a research sample are tedious processes.  

There are two major types of experiments, namely, field experiment and laboratory 

experiment (see section 2.4.2). In this research study, the experimental or laboratory 

method has been adopted and it is the most appropriate method for achieving the research 
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aim and objectives because it is the only research method that can prove the existence of 

relationships between variables, and it yields highly accurate measurements and results, 

therefore measure the impact of factors influencing the experiment. 

Prior to or during an experiment, the researcher must take into consideration a number of 

aspects, such as research materials and instruments, including participant consent form 

and research ethical approval, pre- and post-questionnaire, list of user tasks, problems 

report form, and observation sheet, as well as pilot study, recruitment of participants and 

their characteristics, and procedures of experiment implementation. The following 

sections will address these aspects in detail. 

3.4 Research design and procedures 

The research design can be understood as a roadmap of all the steps that the researcher 

must follow from the beginning of the research to interpretation of findings and 

formulation of conclusions. Similarly, Sekaran and Bougie (2016) defined research 

design as a plan for gathering, measuring and analysing data in order to address the 

established research questions. Likewise, according to Yin (2013), a research design is "a 

logical plan for getting from here to there, where here may be defined as the initial set of 

questions to be answered, and there is some set of conclusions (answers) about these 

questions". Thus, creation of a research design is essential to formulate a plan that 

illustrates the path of data collection and analysis that is necessary to reach the research 

findings. Furthermore, as observed by Kothari (2004), the research design helps the 

researcher to better structure his/her ideas and deal with every stage of the research in a 

flexible manner, thus making the research process less arduous, more cost-effective and 

less time-consuming. Moreover, the reliability of the research results is enhanced by such 

a plan and organised procedures. Punch (2005) emphasised that, the research procedures 

should be elucidated during the research design stage. To this end, there are a number of 

textbooks and resources that the researcher can use during research implementation. 

Referring to the HCI field, Lazar et al. (2010) argued that the experiment procedures in 

that field did not different significantly from the procedures adopted in social research, 

due to the fact that engagement of participants was a priority in both fields. The authors 

identified seven procedures employed in HCI experiments, which are:  

1. Formulation of research questions.  

2. Creation of a research design plan.  

3. Performance of a pilot study to validate the research design and associated tools.  

4. Engagement of the research sample;  

5. Performance of actual experiments for the purposes of data collection.  

6. Analysis of the gathered data.  

7. Presentation of research results and formulation of conclusions. 

The selection of a particular type of research design depends to a great extent on the nature 

of the research question (Dempster and Hanna, 2015). In the case of the present study, 

the selection of the experiment design was undertaken in keeping with the above-
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mentioned steps that were outlined by Lazar et al. (2010) for the research design in 

relation to the HCI field. The design and procedures employed for the purposes of this 

study are illustrated in Figure 3.3 below, which structures the research stages and provides 

a comprehensive picture of the research plan and represents the steps that were outlined 

by Lazar et al. (2010) for the research design in relation to the HCI field. Hence, it is 

useful for the researcher to achieve as the previously mentioned benefits outlined by 

Kothari (2004). In this figure, a single arrow indicates progression to the next stage after 

completion of the previous stage, while a dual arrow indicates the existence of a link 

between multiple stages for feedback process (e.g. comparison between the findings of 

the study and those of earlier studies). The researcher adopted a careful approach to the 

design of each research stage, as explained in the following sections. 
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Figure 3.3: The research design of the current study 
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3.4.1 Literature review 

One cornerstone underlying most research projects is the literature review, which can be 

understood as a process that involves scrutinising and assessing the data, ideas and 

findings of both published and unpublished studies of relevance to the research topic 

under investigation (Gray, 2004). Although the second chapter presented a literature 

review, another literature review was given in the research design section of the 

methodology chapter. This is because it is one of the first steps in planning a research 

project and to mention the reasons for its importance and adoption in this research. As 

noted by Saunders et al. (2016), the decision to conduct a literature review depends 

primarily on the research aim and research question, as well as on the research approach. 

To give an example, in the case of the adoption of a deductive research approach, as in 

this research (see Section 3.2.3), the literature review can help the researcher to extract 

research theories for testing at a later point through data collection. 

Given the above considerations, the development of the this research has relied on the 

literature review for a number of reasons, such as helping the researcher to become 

familiar with the field of usability evaluation methods of systems in general and of 

websites in particular, identifying the research problem and the gap in knowledge, 

formulating the research question to be investigated during the study, selecting a suitable 

research methodology, and comparing the results obtained with those of earlier studies. 

3.4.2 The target product 

The importance and wide spread of websites have been mentioned in Section 1.2, Section 

1.5 and Section 1.6. According to Kapadia (2010), there are two major categories of 

websites, namely, static and dynamic websites. Static websites are characterised by the 

storage of web pages on the server in an identical form to the way in which users view 

them, while the opposite is true for dynamic websites – the web pages are not stored on 

the server in identical form to that in which the users view them, with automatic and/or 

frequent modification of web page content according to specific criteria (Kapadia, 2010). 

Another difference between static and dynamic websites is that users do not have any 

control over the page content of static websites and the all see the same content, whereas 

users can control the content of dynamic website pages according to criteria defined by 

them and that content can take the form of text, image or video. 

In this thesis, the dynamic website was chosen as the type of targeted website, while the 

other types of websites, such as static and commercial websites, were excluded from the 

stage of target website selection. More specifically, static websites were excluded because 

they lack functionality and features that enable users to interact with them, while 

commercial websites were excluded due to the fact that user interaction is contingent 

upon a purchase process. With regard to the type of website domain, the free e-

government domain was chosen as a good example of dynamic website. As indicated by 

Buie and Murray (2012), the main difference between the e-government domain and 

private sector websites is that the former targets a wide range of users and also provides 

various services and activities. Furthermore, e-government websites are accessed by users 
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with greater frequency (Harrison and Petrie, 2007). For the above-mentioned reasons, the 

e-government website was chosen as the target system in this thesis. The websites 

selection process for this study was time-consuming. The researcher reviewed dozens of 

websites using the Google search engine. Each time, the researcher applied several 

criteria when reviewing each website (see the criteria below). Websites were excluded if 

they violated one of these criteria. The target websites selected for the purposes of this 

research provide information about touristic events and activities to general users. These 

two target websites were “Saudi Events” website (http://www.saudievents.sa) and “Visit 

Dubai” website (www.visitdubai.com), which are respectively provided by the 

Government of Saudi Arabia and the Government of the United Arab Emirates. The 

former was the focus of the first experiment, while the latter was the focus of the second 

and third experiments, which will be discussed in detail in Section 4.3 and Section 5.3. 

Both the Arabic and English versions of the target websites had the same functions, 

features, structure, pages and content, the only difference between them being the 

direction of text reading, with Arabic being read from right to left, while English is read 

from left to right. The website used in the second and third experiments was different 

from the one in the first experiment in order to increase the validity of the research. 

Furthermore, the rationale for selecting same websites for the second and third experiment 

is that the methods of evaluation used in the second and third experiments were the same, 

the only difference being associated with the design of those methods (individual 

evaluation or collaborative evaluation). The criteria applied to select the target websites 

for this study were as follows:  

• The websites had to contain multiple functions and features 

• The websites had to contain usability issues so that the participants were 

confronted with problems during website testing and evaluation 

• The websites had to be unfamiliar to the participants 

• The websites had to be public websites targeting a wide range of users (i.e. the 

general population) 

• The websites had to be free websites and available to everyone 

In addition to those criteria, the researcher bore in mind that the selected websites 

contained as many usability problems as possible in order to enable identification of 

different types of problems, which was undertaken through a general check of the 

websites by the researcher himself. This research was based on a single type of system 

and every experiment employed the same set of criteria (see above). The reason for this 

was that different types of systems or criteria would have made it difficult to achieve the 

research purpose of comparing the results of all experiments in an optimal manner and of 

upholding the validity of the research. The rationale for these criteria was to achieve the 

aim of this research by facilitating comparison of UEMs applied in this study. 

3.4.3 Research variables: dependent and independent variables 

Every research experiment requires both independent variables, otherwise known as 

treatment, causal or experimental variables, and dependent variables, otherwise known as 
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criterion, effect or outcome variables. As noted by Saunders et al. (2016), the main 

purpose of any experiment is to measure the effect of the independent variable on the 

dependent variable. In the HCI field, independent variables are often expressed in 

methods or techniques that are under investigation in research (UEMs), whereas the 

dependent variables represent measurable aspects, such as efficiency and satisfaction rate 

(Lazar et al., 2010).  

In this thesis, the employed methods (i.e. UES-HE, URS-HE, US-HE, US-ICHE, US-

CHE, HE and UT) represented the independent variables, whereas the dependent 

variables were the criteria associated with the performance of those methods, namely, the 

usability metrics associated with thoroughness, validity and effectiveness of the methods; 

and also the method efficiency, reliability, cost, satisfaction score, time required and the 

number and severity of problems identified have been discussed in Section 2.4.3 and 

Section 3.4.8.5. The independent variables were split across three experiments. More 

specifically, in the first experiment, the independent variables were UES-HE, URS-HE, 

HE and UT, in the second experiment, the independent variables were US-HE, HE and 

UT, and in the third experiment, the independent variables were US-ICHE, US-CHE, HE 

and UT. On the other hand, the same dependent variables were used in every experiment. 

3.4.4 Experimental Approach: A design with subjects or between subjects 

During the stage of experiment preparation, the researcher must take into consideration 

the method used to assign participants. Depending on the method used to assign 

participants to the experiment, there are two basic approaches of experiment design. The 

first approach is known as the between-subjects approach and involves allocation of every 

participant to a different condition, where conditions represent methods or techniques 

used in the research in order to compare them. There are several advantages to such an 

approach. With regard to comparison of multiple methods and statistical analysis, 

between-subjects is considered to be a clean approach (Lazar et al., 2010; Albert et al., 

2010). Furthermore, participants are required to perform a single condition, thus avoiding 

their exposure to the so-called learning effect, otherwise known as the ordering or training 

effect, that emerges when more than one condition is used. Indeed, avoidance of the 

learning effect is a major characteristic of this approach. In addition, the between-subjects 

approach is less time-consuming because participants are only exposed to one condition, 

rather than to multiple ones. Thus, owing to this, participants are less likely to become 

fatigued or frustrated. However, despite its advantages, this approach has some 

drawbacks as well. One major drawback is that comparison of group performance is 

subject to so-called individual differences, due to the fact that there are multiple groups 

of participants, with each group being different from the others. This means that there 

may be participants in a group who are more experienced in assessing usability than those 

in other groups. As a result, there will be an imbalance in the process of comparison 

between groups. Individual differences between groups can be reduced by increasing the 

number of participants with similar characteristics in each group. However, this solution 

gives rise to another drawback, namely, the need for large samples of participants. This 

means that increasing the number of participants requires increasing them in all groups 
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of participants. For example, a total number of 54 participants will be needed if the 

number of methods used to evaluate the user interface is three methods and each group 

requires 18 participants. Such a large number of participants will translate to greater costs 

for the researcher, whereas the other approach to experiment design, the within-subjects 

approach, requires a single group with 18 participants. 

The other type of approach to experiment design, the within-subjects approach, involves 

allocation of each participant to all conditions. Due to the repetition of the measurements 

on every test condition for every participant, this approach is also known as repeated 

measures (MacKenzie, 2013; Howitt and Cramer, 2011). The main advantage of the 

within-subjects approach is that it does not require a large number of participants. For 

example, the number of participants necessary when four methods are used to evaluate a 

particular system with a required sample of 18 participants is not 72 but 18. This makes 

the research more cost-effective. Another advantage of the within-subjects approach is 

that it prevents individual differences between different groups of participants because 

the same group performs all the conditions. However, this approach is not without its 

limitations. One major limitation is the learning effect, which arises from the fact that 

participants can draw on their experience from the previous condition when they proceed 

to the next condition. Furthermore, the approach is effort-intensive for participants and 

may make them feel frustrated because they have to perform more than one condition and 

this leads to more time-consuming. 

There are several factors that need to be taken into account when choosing an appropriate 

approach, including participants’ characteristics, the methods employed in the research 

(Lazar et al., 2010), as well as the resources that are available (Dix et al., 2004) and the 

number of participants that the researcher expects or aims to recruit (Albert et al., 2010). 

In spite of these factors, the between-subjects approach has been recommended by Albert 

et al. (2010) as the optimal approach on the basis of a large number of online studies they 

had undertaken for the purposes of comparison of different approaches, with the between-

subjects approach being preferred in more than 90% of cases. However, in some cases, it 

is necessary to choose a particular approach. For example, if the researcher is interested 

in determining the extent to which female website users and male website users differ, 

then the independent variable will be gender (male and female). Thus, it is not possible 

to use the within-subjects approach due to the fact that the male-only part of the group of 

participants cannot be used for the first case, while the female-only part of the group is 

used for the second case. Therefore, it makes sense to use the between-subjects approach 

as it will provide two distinct groups for each of the two genders. 

Taking into consideration the features and drawbacks of the between-subjects approach 

and the within-subjects approach, the present study adopted the between-subjects 

approach for all UEMs employed, meaning that every group of participants performed 

just a single method. The selection of this approach is in keeping with the 

recommendation extended by Gray and Salzman (1998), who argued that the between-

subjects approach was the most suitable in the context of usability studies, due to the fact 

that it helped to avoid problems related to construct validity, as mentioned in Section 



Chapter 3 : Research Methodology 

60 

3.6.2. Furthermore, the choice of approach was influenced to a considerable degree by 

the nature of the methods used, because each method consisted of several sessions, which 

made it difficult for the participants to perform more than one method. With respect to 

the user testing method used in this study, during the distribution of participants into 

groups. With regard to the rest of the methods used in this study, the characteristics of the 

evaluators were somewhat similar in terms of the level of experience, education and age. 

Thanks to these similarities, the drawback of individual differences between the groups 

could be reduced. In fact, the selection of this same level of experience is in keeping with 

the recommendation extended by Kirmani and Rajasekaran (2007), who argued that 

Jacobsen et al. (1998) reported the influence of the evaluator effect as a potential risk to 

the reliability of usability investigations, highlighting that identification of both usability 

issues and highest severity problems involve significant inherent individual variability. 

One possible solution to reducing such variability is to select evaluators with similar 

levels of skill. 

3.4.5 Ethical Considerations 

As defined by Saunders et al. (2016), research ethics refers to the behaviour standards 

that dictate how the researcher must treat the individuals who are either involved in the 

research or are susceptible to its effects or implications. Giving due consideration to 

ethics, the researcher in the present study explained to the participants that their 

involvement in the research was purely on a voluntary basis and they had the full right to 

stop or withdraw from the research at any time or at any stage without giving any reason 

which was explained via the consent form. Furthermore, the participants were informed 

of the purpose of the research, as well as of the fact that their data would be kept 

anonymous. In this way it was ensured that there was no need for participants to disclose 

any personal information. There were several reasons why anonymity and privacy of 

participants’ data. The first reason was that the researcher sought to acquire participants’ 

views about the website system and was not concerned with personal information such as 

names. The second reason was that the researcher wanted to protect participants’ privacy, 

since people in general do not prefer to reveal their identity in documents. The third 

reason was that participants would be more likely to express their opinions and 

preferences honestly and freely if their identity was kept concealed. Such an approach is 

consistent with Lazar et al. (2010), who stated that usability testing, similarly to 

conventional research, requires that the identities of participants are anonymous at all 

times, with participants possessing the right to withdraw from the research at any time. 

Furthermore, Rubin and Chisnell (2008) observed that names (even only first names) 

should never be used in reports; alternative identifiers, such as some form of alpha-

numeric numbering scheme, should be employed instead. Furthermore, by maintaining 

participants’ anonymity, the researcher could better focus on their characteristics rather 

than on their names whilst undertaking their description.  

To conform with these ethical guidelines, the researcher completed the “Ethical 

Guidelines for Research Projects” form and obtained approval for the study from the 

Heriot-Watt University - School of Mathematical and Computer Sciences on May 2014. 
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Hence, prior to commencing the experiment, the participants who agreed to be involved 

were asked to sign a consent form (see Appendix A).  

3.4.6 Research Instrument 

Prior to commencement of experimental work, the researcher must prepare the necessary 

tools and materials in order to ensure the quality of the study. In the present case, the 

setting was carefully prepared by the researcher based on previous studies related to the 

usability field to achieve the aim of the research. The basic tools and materials that were 

used during the process of data collection are presented and discussed in the following 

part. 

3.4.6.1 Context meeting 

Prior to starting to evaluate the target system, it is important to undertake a context 

meeting since, as noted by Thomas and Bevan (1996), "Analysis of context is an essential 

pre-requisite for any work on usability". Context meeting contributes not only to pre-

define the user characteristics and user tasks to be performed during the usability test, but 

also to visualisation of the circumstances of use (Maguire, 2001; Thomas and Bevan, 

1996). However, researchers do not typically undertake context meeting but prefer to rely 

on their intuition in this regard. Maguire (2001) summarised the benefits of context 

meeting as being provision of an understanding of the settings of use of a product, 

contribution to identification of users’ product requirements, contribution to dealing with 

problems related to product usability, and contextual validation of the evaluation 

outcomes. A regular context meeting is held between the experimenter or facilitator who 

is responsible for the management of the meeting and a few stakeholder groups, which 

may include, but are not limited to, website managers, designers, or user representatives 

(Thomas and Bevan, 1996). Often, these stakeholders are difficult to recruit because they 

are busy and because time is important to them. In addition, recruiting all of them is 

costly. Therefore, Thomas and Bevan (1996) recommended that only those with the time 

and willingness to participate should be recruited. They also recommended that the teams 

should consist of between 3 and 8 members in order to be able to control them. 

Although most studies use unrepresentative samples and a list of unrealistic user tasks 

(Maguire, 2001), this study sought to avoid these issues by taking into account the context 

meeting. Thus, the context meeting was carried out in this study prior to commencement 

of website evaluation in order to ensure that the tasks were realistic and that the users are 

representative of the typical users of the target website. By ensuring the 

representativeness of the recruited users through context meeting, the validity of the 

feedback provided by the users was thus guaranteed. The researcher’s time and money 

constraints restricted the groups of stakeholders employed in the context meeting to 

designers and representative users. The team consisted of five participants, namely, two 

designers, two users and the researcher himself. However, prior to the context meeting, 

the researcher held a short meeting in order to acquaint the participants with the agenda 

of the meeting, which had two main purposes, namely, the formulation of a list of user 

tasks for the two websites targeted in this study and the creation of a coherent image about 
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potential users to represent the real users of the target site. Awareness of the agenda of 

the meeting and the purpose of the research made all participants willing to participate in 

the context meeting. Thus, such a short meeting before the actual context meeting is an 

essential step to afford participants clarity about the meeting and help them to prepare to 

participate effectively in the meeting. Such a meeting took place in January 2015. The 

short meeting takes around 15 minutes, whereas the context meeting takes about 3 hours. 

3.4.6.2 The list of user tasks  

User tasks are considered a key component of the user testing method. In order to test the 

user, it is necessary for each user to perform a list of tasks related to the website to be 

evaluated. This list of tasks is set up in advance to represent the activities that the users 

usually perform while browsing the website. Sauro (2010) explained that "A task is made 

up of steps a user has to perform to accomplish a goal. A task-scenario describes what the 

test user is trying to achieve by providing some context and the necessary details to 

accomplish the goal". Furthermore, the author specified that a task scenario should 

contain at least 3-5 tasks, although the number of tasks depends heavily on the time 

allotted to each user's test. For example, if the time required to test each user is an hour, 

with 5 minutes allocated for the accomplishment of each task, then the ideal number of 

tasks will be approximately 10 or 12 tasks; while if the time required for each task is 10 

minutes, the ideal number of tasks will be approximately 6 tasks. 

With regard to the quality of tasks, Sauro (2010) provided five recommendations for 

ensuring task quality. First, some tasks should be formulated as a scenario; for example, 

“You are considering a holiday in Dubai, therefore, on the website, attempt to identify 

availability for a one-week booking at a Dubai hotel”. Second, the details of the tasks 

should be as specific as possible; for example, the task is defined by a specific date, 

location or time. Third, no instructions should be given to the users as to how to perform 

the task, such as how to act or what to do during the execution of the task. Fourth, the 

tasks must be executable and correct; for example, if a particular car is desired for renting 

via a car rental site, it must be ensured that the site offers that kind of car. Fifth, 

interdependent tasks should be avoided; for example, during browsing of the Amazon 

website, the user is asked to add a commodity to the shopping basket in one of the tasks 

and then the user is asked to delete the same commodity in another task. However, the 

latter recommendation is not necessary for compliance because sometimes it is necessary 

to use interdependent tasks, according to the nature of the website. In addition, as pointed 

out by Dumas and Redish (1999), in order to ensure their quality, tasks must be brief, use 

language familiar to the users rather than programmers, and must be clear and 

unambiguous to avoid misunderstanding. The use of simple sentences to formulate tasks 

is particularly important to ensure that users can quickly understand what they are 

expected to do to complete the mission. 

The above recommendations were taken into account in this research. Before starting the 

tasks, the users of the experiments were asked to practice thinking aloud and browse the 

website and familiarise themselves with it for a period of five minutes. As outlined in 

Appendix D, in the first experiment, five main tasks comprising 15 steps were presented 
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for the ideal first website, while in the second and third experiments, five main tasks 

consisting of 10 steps were presented for the second website. In addition, the users of the 

experiments were advised that the ideal time for completion of each step of the tasks 

should not exceed three minutes in the first experiment and four minutes in the second 

and third experiment. This time included task reading and execution, in keeping with 

Sauro (2010). Albert et al. (2010) suggested that pilot testing helped to estimate the time 

required for the tasks. This approach was adopted in the present study, as mentioned in 

Section 3.4.7. The final list of tasks was formulated during the context meeting, as also 

mentioned in Section 3.4.6.1, and was devised to cover all the main functionalities of the 

chosen website, including displaying of records, search, participation and refining feature. 

3.4.6.3 Pre-test questionnaire 

At the beginning of any experiment, participants are usually required to fill in a simple 

questionnaire, the purpose of which is to collect data related to demographic details. Thus, 

in this study, the pre-test questionnaire was developed and distributed to the participants, 

regardless of whether they were users or evaluators, after they agreed to participate and 

signed the consent form. The questionnaire consisted of three sections, namely, personal 

information, education level and experience of using the Internet, as shown in Appendix 

B.  Experiments took place in Jeddah, Saudi Arabia.  All participants were male as a result 

of the prevailing social constraints and the researcher’s consequent inability to involve 

women.  Therefore, the possible confounding factor of gender did not need to be taken 

into consideration by this study. It is a matter of fact that most investigations conducted 

in Saudi Arabia are subject to these social constraints, for example, the most recent PhD 

theses conducted in Saudi Arabia investigating usability have also excluded the gender 

factor are Alqahtani (2015) and Baglin (2015). To formulate the questionnaire items, the 

researcher drew on the several books specializing HCI by Brinck et al. (2001), MacKenzie 

(2013), Purchase (2012), Lazar et al. (2017) and Preece et al. (2002). 

3.4.6.4 Post-test questionnaire 

The post-test questionnaire is carried out after the testing or evaluation sessions are 

completed and helps to determine how satisfied the participants (evaluators or users) are 

with the object of the testing/evaluation sessions, which in this case was the website 

system. There are several reasons why it is advantageous to measure satisfaction, such as 

the fact that it helps to understand the experience that participants have had with the target 

system and it also permits examination of the possibility of an association between the 

measure of satisfaction and other usability scales, such as number of problems detected. 

Thus, the post-test questionnaire was adopted to measure participants’ level of 

satisfaction (See section 3.4.8.5.4), as shown in Appendix C.  

3.4.6.5 Observation and note-taking 

In the field of usability, the most widely used method is observation, which is carried out 

by a designated observer or the experimenter (Nielsen, 1993). The main task of the 

observer is to observe the users during their interaction with the websites in order to 

record their reactions, the difficulties they face and the comments they make whilst they 
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perform the set of user tasks. Thus, the general purpose of observation is to interpret users’ 

actions in relation to the user interface of the website. During the observation process, the 

observer can use several instruments to record the data, such as note-taking and audio or 

video recording. Among these instruments, note-taking is considered the most flexible 

method of recording data (Preece et al., 2015). Observation and note-taking techniques 

were employed in this study in relation to the UT method, with the researcher playing the 

role of the observer. One of the most prominent difficulties facing the observer in the 

context of the UT method is the concomitant performance of multiple tasks, such as the 

requirement for the observer to record usability issues whilst at the same time observing 

user interaction with the website. However, whilst the observer is marking an issue, 

he/she may be unable to observer the users at the same time, and as a result, additional 

usability issues may be overlooked. In addition, the observer also try to answer the users' 

questions as well as trying to understand the difficulties faced by the latter and monitor 

their behaviours. Nevertheless, as suggested by Dumas and Loring (2008), this negative 

can be minimised through preparation and good practice. One advantage of using the 

observer for all user testing sessions within UT method is that he/she can easily 

consolidate the reported usability problems into a unified list. In addition, observation 

technique was also employed in all user exploration sessions integrated into the UES-HE, 

US-HE, US-ICHE and US-CHE methods, with the evaluators playing the role of 

observers. However, evaluators’ task was made easier by the fact that they were only 

required to monitor users without taking notes, because the purpose was to attain a general 

idea of the usability problems facing users and listen to their comments instead of 

recording usability problems. Thus, by comparison to the role of observer in the context 

of the UT method, the role of evaluator in the user sessions was easier and less complex. 

In fact, evaluators record usability issues within the actual evaluation session subsequent 

to the user exploration sessions.  

3.4.6.6 Usability problem report description 

The purpose of the structured report is to enable both the evaluators and the observer to 

list identified usability problems. It is usually produced at the end of the evaluation 

sessions or at the end of the user testing sessions. However, consensus has so far not been 

achieved as to a single, standard format of usability problem report. Cockton et al. (2008) 

concur with this observation noting that no universal approach for usability problem 

reporting currently exists. The problem report can range from a simplified form to a 

detailed form. With regard to the simplified form, Fernandez et al. (2011) conducted a 

systematic mapping study and concluded that most UEMs used only the "problem list". 

In addition, with regard to the matching of usability problems, Alan and Mark (2006) 

indicated that it could be undertaken depending on the report forms that described only 

the usability problems. Meanwhile, Ardito et al. (2006) employed both problem 

description and heuristic name. With regard to the detailed form of the problem report, 

some researchers, such as Cockton and Woolrych (2001), Hornbæk and Frøkjær (2008), 

Lavery et al. (1997) and Jeffries (1994), were more specific when describing the problem. 

For example, Cockton and Woolrych (2001) recommended the use of a structured 

problem report format that included the number of problems, a short description of the 

problems, likely difficulties, specific context and name of heuristic. However, “Pulling 
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together the evaluations from a large team with different views of problems, severities, 

and heuristics can be a daunting task” (Wilson, 2014a). Therefore, Wilson (2014a) 

advocated the use of a simplified form of usability problems report “that allow easy 

merging of results can reduce the compilation effort”. 

The structured report used in this study tried to include the common elements used in the 

usability field for the purpose of usability problem reporting by the evaluator, observer 

or independent evaluator. There are a number of six such elements. The first element is 

the numeric identifier of the problem, which indicates that each usability problem is offset 

by an identifier number. The second element is a short description of the problem, which 

refers to the problem that a user may face while interacting with a targeted website and 

can take the form of any obstacle emerging during the use of the user interface design that 

has negative implications not only for user satisfaction but also for how effective and 

efficient the system is deemed to be (Stone et al., 2005). Usability defects can cause users 

to become confused, make mistakes, delay task completion or even fail to complete a 

task. In other words, usability defects reduce the usability of the user interface, and 

implicitly, of the system, for the target users (Stone et al., 2005). The third element is the 

severity of the problem, which can range from minor to catastrophic in nature (Nielsen, 

1994c). The fourth element is the heuristic violated by the usability problem, which refers 

to the areas of usability that have been violated and these areas are ten in number, as 

provided by Nielsen (1994c). The fifth element is the location of the problem in the 

interface, which refers to the part of the target user interface in which the problem 

occurred. The sixth element is the proposed solution, which refers to a possible solution 

to the problems of usability put forth by the researcher and evaluators for the developers 

of the targeted websites. The general table that includes all these elements is provided in 

Appendix E. All elements can be fill by the observer and the evaluator, apart from the 

severity of the problem and the number of heuristics violated. The proposed solution 

component discussed between the evaluators and the researcher in the debriefing session 

should be included in the unified list of problems in order to send it to the stakeholders of 

the target websites so that they can derive benefits from it. Furthermore, the observer 

should try as much as possible to find solutions to the problems to be included in the 

unified list of problems. Moreover, regarding the severity of the problem and the name 

of the heuristic violated, it is recommended that they be determined by an independent 

evaluator in order to enhance the reliability of the results. According to Nielsen and Mack 

(1994), results could be made more reliable by using the average of the severity 

assessments from more than one independent evaluator. More generally, an independent 

evaluator can be employed to analyse different aspects of usability studies, such as 

classification of the problems, matching the problems, determine the realness, or linking 

the usability problems with the heuristic(s) to which they belong. As advocated by several 

researchers (e.g. Følstad et al. (2012), Hertzum et al. (2014), Lavery et al. (1997), Lavery 

and Cockton (1997)), the reliability of the results is increased when more than one 

independent evaluator is used. This approach of using an independent evaluator has been 

applied in many studies, for example but not limited to Ling (2005), Ling and Salvendy 

(2009), Alqahtani (2015), , Lanzilotti et al. (2011), van den Haak et al. (2009), Alrobaea 

(2016), Hvannberg et al. (2007), Koutsabasis et al. (2007a), Molich et al. (2004), Van den 
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Haak et al. (2004), Hartson et al. (2003), Ling and Salvendy (2009). Thus, in the present 

study, two independent experts were recruited to score each problem in terms of severity, 

in addition to defining the heuristic(s) for each usability problem. The use of more than 

one independent evaluator is also recommended for the purposes of consolidation the 

reports generated by different participants into a single list of problems. However, this 

process may be daunting, because it is designed to identify similarities between large 

amounts of data, which may be time-consuming and effort-intensive. For example, 

Koutsabasis et al. (2007a) stated that "There are various practical problems with involving 

more than a single expert. The amount of time that is needed to go through all evaluation 

reports, to process the large pool of data in terms of relevance and similarity and to resolve 

ambiguities and disagreements actually requires a lot of synchronous work. Therefore, 

we have used a single expert to go through the data". Therefore, depending on more than 

one independent evaluator is difficult, which is why only one independent evaluator was 

used for this stage, and this role was taken on by the researcher himself. This approach 

has been adopted in earlier studies as well, such as those conducted by Koutsabasis et al. 

(2007a) and Molich et al. (2004). 

3.4.7 Pilot Study 

Prior to the experimental study, a pilot study should be conducted to ensure that all 

procedures are functioning properly (Dumas and Redish, 1999), and its setting does not 

necessarily have to be the laboratory (Matera et al., 2006). The advantages of the pilot 

study include estimation of the time required to conduct the experiment (Albert et al., 

2010) and ensuring that the user tasks are clear and unambiguous (Rubin and Chisnell, 

2008). Furthermore, whilst performing the pilot study, the researcher should comply with 

the same procedures as established for the actual experiment and gather the same data as 

during the experiment, although analysis of data is not conducted, and those data must be 

kept separate from the data from the real experiment (Dumas and Redish, 1999). 

Estimation of the test time requires flexibility. For example, Albert et al. (2010) 

recommended that participants be informed of the estimated time for a test by declaring 

time in the range or use of words such as "approximately" or "about" where this time 

could be estimated based on the pilot testing. Only a small number of participants is 

typically used in the pilot test. In the case of the present study, six evaluators and four 

users were included in the pilot test. The two main objectives of the pilot test are to detect 

any ambiguities in the procedures or instructions of the tests and to estimate the time 

required for each experiment. This also includes checking the tasks provided to the users 

in terms of wording and phrase structure or errors in spelling or grammar. 

3.4.8 The first, second and third experiments 

In order to achieve the aims of this study, a sequence of experiments was carried out. 

More specifically, the three experiments were conducted to examine the role of user 

session in the results obtained by non-expert evaluators in relation to the HE method, 

since the research aimed to determine the impact of the user session on the results of the 

HE method through the use of non-expert evaluators. The rationale for designing three 

experiments in this study was to cover all aspects relevant to testing the user session of 
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the HE method on more than one level. Each logical reason for the design of each 

experiment is detailed in the following sections. 

In the first experiment, two proposed methods, namely, UES-HE and URS-HE, were 

implemented in addition to two methods representing the common UEMs used in the 

usability field. This implementation of the experiment was accompanied by an analysis 

of the results to detect whether or not the two proposed methods produced better results 

compared to the traditional methods (UT and HE). For examples, analysis of the results 

of this experiment permitted measurement of several criteria such as effectiveness, 

efficacy, and satisfaction, as well as of other measures, and the relationships between 

usability metrics. 

In order to expand the investigation of this study, the two proposed methods from the first 

experiment were merged into one method called US-HE, which was the focus of the 

second experiment. This was straightforward, so it was not necessary to devise new ideas 

from the results of the first experiment in order to generate a new method for investigation 

in the second experiment. In other words, regardless of the results of the previous 

experiment, the purpose of the second experiment was pre-determined, in order to cover 

all aspects possible to test the user session on more than one level. Thus, the second 

experiment aimed to conduct an additional study of the first experiment through the US-

HE method. This experiment was performed and analysed in order to compare its results 

with traditional methods (UT and HE), as in the first experiment.  

The investigation from the second experiment was enlarged in the third experiment, 

which was conducted to examine the US-HE in the context of a collaborative approach. 

Thus, the US-HE that was used in the second experiment was formulated into two types 

of collaborative heuristic evaluation (CHE) design during the third experiment, namely, 

US-CHE and US-ICHE. Furthermore, as was the case with the second experiment, the 

initiation of the third experiment did not depend on drawing conclusions from the 

previous experiment because the goal was predetermined by examining the impact of the 

user session on the non-expert evaluators in a collaborative situation instead of the 

individual situation as in the previous experiments. Again, the procedures for the third 

experiment had a similar purpose as in the first and second experiments, where analysis 

was conducted in order to compare its results with the traditional methods of UT and HE. 

These experiments were planned to be conducted in close proximity to each other; more 

specifically, they were conducted between June and July for several reasons, such as 

ensuring that there was no difference in the functions and design of the website emerging 

between the experiments, as mentioned in Section 5.3, and in order to ensure that 

experiments were conducted under the same laboratory conditions. A detailed discussion 

of the experiments is provided in Chapters 4 and 5. 

3.4.8.1 The approach taken for three experiments 

In the chapter on the literature review, several methods developed for measuring the 

quality of system usability were discussed in detail, as mentioned in Section 2.3.4. In this 

thesis, the same approach was employed to validate the results of each experiment, 
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namely, comparison of results with both HE and UT (i.e. verification of the extent to 

which the acquired data were relevant for actual use of the system in question by 

comparing the results of the methods proposed in each experiment with the results of HE 

and UT, as mentioned in Section 2.4.3). The use of these two methods for experiment 

validation was justified for several reasons. First, both methods are considered the most 

widely used methods among the UEMs in web-based systems (Fernandez et al., 2011; 

Paz et al., 2015b). Second, the results of these two methods provide better coverage of 

usability problems because they are considered complementary to each other (Paz et al., 

2015b; Tan et al., 2009; Fu et al., 2002; Sauro, 2012). This means that using both of these 

methods will produce a clearer picture of the usability of the target system. Third, the two 

methods adopt distinct perspectives as the UT method takes into consideration the user's 

perspectives, while the HE method takes into consideration the evaluator's perspectives. 

However, in order to ensure the reliability and validity of the implementation of the three 

experiments, they had to be conducted under the same conditions, as mentioned in Section 

3.6, except for the factor under investigation, which was intentional to study its effects on 

each experiment. Thus, the approach taken in all three experiments was similar. Figure 

3.4 illustrates the design underpinning the experiments. In general, studies addressing the 

development of UEMs usually pursue a limited range of methods due to the high cost of 

testing these methods, which require laboratory experiments. In fact, this study developed 

five methods in addition to the two traditional methods (HE and UT). The use of this 

number of methods in a single study is rare, which is considered one of the principal 

contributions of this study. Specifically, this is the first study that tests different versions 

of HE method, focusing on the cases of both individual and collaborative participant 

evaluations. To achieve the study’s aims, these methods were tested in a logical sequence 

in three experiments (see Section 3.4.8). Regarding the issue of determining the ratio of 

users to evaluators in the individual assessment methods (UES-HE, URS-HE, and US-

HE), these were estimated by the researcher because there is lack of previous studies in 

this area. In contrast, the ratio of users to evaluators in the collaborative approaches (US-

CHE and US-ICHE) was based on previous studies in this area (see Section 3.4.8.1.1). 
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Figure 3.4: The experimental design 

3.4.8.1.1 Heuristic evaluation and heuristic evaluation based on user session 
The heuristic evaluation method has been described in detail in the previous chapter (see 

Section 2.3.4.3.1) and is considered an important inspection usability method due to the 

fact that it is quicker and more inexpensive than other inspection methods. Díaz et al. 

(2017) have described it as the most broadly employed method among other UEMs. 

Alongside the UT method, HE was used as a validation method against the proposed 

methods in this study (i.e. UES-HE, URS-HE, US-HE, UC-CHE AND US-ICHE). The 

proposed methods were the same as the procedures and requirements of the traditional 

HE method, except for the addition of different designs of the user session to develop 

them. The following sections will explain the main aspects that must be considered in 

order to implement HE and the proposed methods. 

Ø The need for heuristic evaluation 
The use of more than one method of evaluation is justified by the fact that, in order to 

achieve comprehensive results for the target website, the greatest possible range of 

problems of usability has to be explored. Among the various methods of usability 

evaluation, it is important to use the HE method because it is the most widely used and 

accepted method (Díaz et al., 2017; Jaspers, 2009; Rosenbaum et al., 2000), especially in 

the web domain (Paz et al., 2015b). Baker et al. (2001) identified several reasons to 

explain the broad use of this method at both research and industry level. First, it is 
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considered cheap because “it requires fewer resources than other methods” (Oracle, 

2012), for example, it does not need an equipped laboratory or equipment for its 

implementation (Nielsen, 1995b; Preece et al., 2015), it does not require the recruitment 

of users and it can be implemented in a short time (Baker et al., 2001). Second, it is 

considered an easy to teach and uncomplicated method. Third, it has become a 

fundamental part of the human-computer interaction curriculum. Fourth, it can be used 

by non-experts and yields satisfactory results. Last but not least, using it with a few 

evaluators can provide satisfactory results. UPA (2009) conducted a survey and found 

that a proportion of 75% of the usability community employed the HE method. In addition 

to the above considerations, the importance of the HE method is highlighted by the fact 

that its results can be compared with the results of the proposed methods in this research 

because the latter basically represent the development of the traditional method 

represented by HE. Accordingly, this method was used as a solid comparison criterion to 

compare its results with the results of the methods used in this research, as well as to find 

the greatest number of usability problems for the targeted website. 

Ø Number and characteristics of users and evaluators 
Recruitment of a sufficient number of participants in advance is essential to be able to 

conduct any experiment. Martin (2008) stated that "the best way to determine how many 

participants to use is by studying the literature". With regard to the field of HCI, 

MacKenzie (2013) and Lazar et al. (2017) suggested that a review of previous literature 

be undertaken in order to determine the method similar to the method applied by the 

researcher in the experiment and then find out the sufficient number of participants used 

in the previous studies so as the same number can be used in the current experiment. 

Therefore, as recommended by Rubin and Chisnell (2008), during the planning process, 

it is important to recruit participants with take into account the potential of the researcher 

in terms of time, costs and resources available to him/her. The two authors also pointed 

out several factors that could affect the process of determining the number of participants, 

namely, the necessary level of confidence in the results, the amount of resources available 

for test preparation and performance, the availability of the necessary kind of participants, 

and the length of the test session.  

However, there is no consensus regarding the adequate number of evaluators necessary 

to conduct HE method. To identify a sufficient number of usability problems, the use of 

one evaluator with the HE method is not enough, so it is recommended to use a small 

group of evaluators (Hertzum and Jacobsen, 2003). In an early study, Nielsen and Molich 

(1990) recommended that a small group of evaluators consisting of three to five 

evaluators could perform the HE method well. This claim was supported by Tan et al. 

(2009), who suggested the same number of intermediately experienced evaluators for 

conducting the HE method. In term of evaluator characteristics, Nielsen (1992) put 

particular emphasis on the factor of evaluator expertise, stating that it was an important 

factor that affected the determination of the number of evaluators required. Thus, on the 

basis of the factor of expertise, he classified evaluators according as follows: 
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D. Novice/non-expert evaluators, who lack experience both in usability and in the 

system domain but who have a solid background in computer field. 

E. Regular usability specialists, who have expertise in usability but not in the domain 

of the user interface. 

F. Double usability specialists, who have experience in both usability and the domain 

of the user interface. 

He estimated that two to three double usability specialists were required to identify a 

proportion of 75% of system problems. In the case of regular usability specialists, three 

to five evaluators can find the same percentage of problems, whereas fourteen 

novice/non-expert evaluators are enough. In addition, the results show that five and eight 

novice/non-expert evaluators are sufficient to find 51% and 60% of the usability 

problems, respectively. The HE method was originally developed to be used by expert 

evaluators but, as mentioned by Fernandez et al. (2011), most of the inspection methods 

are used by non-expert evaluators who are either computer students or website designers. 

Non-experts were described by Paz et al. (2013) as individuals without experience in 

usability, but with a good background in computers. With regard to the distribution of 

participants into groups, the within-subjects design does not need to balance groups 

because the same group is used with different conditions. On the other hand, balancing 

based on the characteristics of the participants (e.g. age and experience) is necessary with 

the between-subjects design in order to avoid bias in the results (MacKenzie, 2013; Lazar 

et al., 2010). This distribution ensures that participants in each group do not differ much 

in terms of their characteristics.  

Based on the above considerations and the recommendation from Nielsen (1992), a 

number of 14 non-expert evaluators was deemed sufficient to find 75% of usability 

problems in this study. In keeping with the research limitations, in terms of time, money 

and resources, 16 evaluators were allocated to each of the four methods used (i.e. HE, 

UES-HE, URS-HE and US-HE). Regarding the sample size of collaborative methods of 

HE, four non-expert evaluators were allocated to US-CHE and US-ICHE, in which 

participants worked as a group. This number of participants is similar to the one proposed 

by Petrie and Buykx (2010), who developed a method of collaborative heuristic 

evaluation and determined that the use of five participants with the CHE method resulted 

in almost three times more effective results than the HE method in term of reliability. In 

the case of the present study, all non-expert evaluators had a good background in the 

computer field, being recruited from among students in the computer field who had 

completed two years at undergraduate level.  

The aim of this study required exposure of users to the traditional HE method in order to 

enable the evaluators to assess how the users interacted with the target system through 

the so-called “user exploration session”. Meanwhile, another user session called “user 

review session” was conducted in order to obtain the users’ perspectives about the 

problems discovered by the evaluators, in terms of whether they though those problems 

hindered the use of the target system. Therefore, eight users were allocated to each of the 

UES-HE, URS-HE and US-HE methods. In these methods, each user session consisted 
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of eight users, where each two evaluators shared one user during the exploration session 

as well as the same user during the review session. Furthermore, in the collaborative 

methods of HE, namely, the US-CHE and US-ICHE methods, each group conducted a 

user session to explore the interaction of a single user with target system and, after the 

main evaluation session, they returned to the same user to review their results through a 

user review session. The balance of the distribution of participants in this research has 

been taken into consideration during their division into each group based on their 

characteristics. Tables in Appendix G illustrate the distribution of participants in the three 

experiments for the UES-HE method, URS-HE method, HE method, US-HE method, US-

CHE method and US-ICHE method. All the involved participants are of Saudi nationality 

and spoke Arabic as native speakers and none of the participants had experience of taking 

part in the UEM or using the website under evaluation. 

Ø Evaluation procedure 
Provision of an explanation of the method procedure that participants have to follow is a 

prerequisite of any experiment. This is highly important as a clear experiment procedure 

can contribute to provide clear steps for other researchers and practitioners if they wish 

to carry out the same evaluation/testing method. Although there is no agreement about 

how best to conduct the HE method, the evaluation procedures have been recommended 

by Nielsen (1994c) employed in this study as suitable for a typical HE method. In fact, 

the recommendation extended by Nielsen (1995a) was taken into account for enhanced 

validation of this method. These procedures were grouped into three main sessions, which 

represent the HE method in this study. First, the pre-evaluation/training session was 

conducted before starting the actual evaluation and was more useful for non-expert 

evaluators than for expert evaluators. It helped evaluators who lacked experience of the 

domain of the target website to familiarise themselves with that domain. In addition, it 

was also useful for familiarising the evaluators with the list of heuristics used. Moreover, 

such a session properly trained evaluators with regard to the steps and procedures of 

evaluation. Second, the actual evaluation session was the main session, where each 

evaluator performed the evaluation independently without communicating with other 

evaluators. The reason for keeping evaluators from interacting with each other whilst 

conducting this evaluation was to make sure that the results they generate are autonomous 

and impartial (Nielsen, 1995a). In this session, the evaluators were recommended to 

evaluate the system interface through two passes. The first pass involved navigation 

through the target website and getting a general feeling about the entire website, while 

the second pass was more focused on inspection of the usability problems in each 

particular part of the website. Therefore, the researcher afforded the evaluators 5 minutes 

for general browsing of the website, after which they continued their evaluation of more 

specific parts of the website through the second pass. During the actual evaluation session, 

the evaluators were required to list the usability problems as best as they could and that 

with aid tool of a short list of heuristic guidelines. However, the evaluators were not 

limited to this list of heuristic guidelines, but they could also record any usability issue 

they came across, even if it was not related to the list of heuristics. Third, a debriefing 

session followed the actual evaluation session, giving evaluators the opportunity to 

interact with each other and discuss their results, with the purpose of integrating the 
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individual results of each evaluator into a single list. Furthermore, this session was 

intended to instigate the formulation of possible solutions to the identified problems. To 

that end, a brainstorming technique was employed.  

• Proposed Sessions 

Despite the benefits of the HE method, its results rely on the skill and expertise of the 

evaluators to assess the website interface. Consequently, the opinions of users are ignored 

during the evaluation process. Thus, total dependence on this method means that the 

evaluators are trying to assume the role of the users as well as their perceptions of the 

potential problems encountered during the use of the user interface instead of involving 

them directly in the evaluation process.  

There is a lack of current research on the subject of the role played by users in the HE 

evaluation process, so the main aim of this study was to investigate the impact of users 

on non-expert evaluator results through the HE method, and this impact on the results 

was clearly reflected in the number of usability problems discovered. To achieve this aim, 

two user sessions (user exploration session and user review session) were proposed by 

the researcher to examine the influence of users on non-expert evaluator results. The two 

sessions are described in the following part. 

• The user exploratory session of heuristic evaluation (UES-HE): The non-expert 

evaluators used a "question-asking protocol" with the users to understand whether 

they had difficulties with understanding and using the system. In this session, the 

users performed tasks, and the evaluators tried to encourage them to complete the 

tasks with direct questions while observation any issues. Furthermore, the 

evaluators tried to ask some more in-depth questions to understand any issues that 

the task did not cover. Since the purpose of such sessions is to obtain a general 

background about the problems of usability which the user may encounter, the 

evaluators are able to merely observe these problems with no requirement for 

particular instruments for data recording such as note-taking. Therefore, the role 

of the evaluator as observer within these user sessions is less complicated and 

easier to implement than the role of the observer in the UT method. Consequently, 

this approach is advantageous to user exploration sessions as the task of the 

evaluator is easier than the task of the observer with the conventional UT approach 

which demands simultaneous observation and recording of usability problems. 

Regarding the question-asking protocol, Hom (1998) described it as a version of 

the thinking-aloud method, but rather than wait for users to express what they are 

thinking, they are directly encouraged through questions to convey those thoughts. 

The procedure associated with this protocol starts with the provision of a list of 

tasks to the users (Zhijun, 2007; Hom, 1998). The users are then required to 

implement those tasks and encouraged to verbalise their thoughts about the target 

system through the thinking-aloud method. Whilst users verbalise their thoughts, 

the evaluator or observer can ask direct questions. As exemplified by Javaid 

(2014), such questions may be formulated to probe the reason why a user acted in 
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a particular action (e.g. "Can you tell me why this label doesn't match your 

expectations?"), what the user expected by acting in a certain action (e.g. "Please 

tell me what you expected to see when you clicked on this button?") or how a user 

would perform a particular task (e.g. "How would you perform XYZ task on this 

page?"). This kind of protocol presents several distinctive features. First, it is a 

more natural method than the thinking-aloud method (Zhijun, 2007). This feature 

can be clearly demonstrated by observing that, in the thinking-aloud protocol, the 

user may feel that his/her behaviour may seem strange and somewhat disturbing 

because of the practice of thinking aloud, without interacting with his/her 

surroundings or other individuals, such as the observer.  Furthermore, by using 

such a method, the evaluator or observer can focus directly on the aspects of the 

system that he/she deems to be most important by asking the users direct 

questions, thus saving time (Javaid, 2014). On the other hand, Anandhan et al. 

(2006) warned that using such a method may cause the user to behave differently 

while performing tasks. Nevertheless, this protocol was chosen for the user 

exploration session because the aim of the questions asked within this protocol 

was to enable the evaluator or observer to understand the user better (Anandhan 

et al., 2006; Gupta, 2015). 

• User review session of heuristic evaluation (URS-HE): To minimise the potential 

problems that the user did not currently face or to modify existing issues, 

evaluators reviewed the potential usability problems list with the users by using a 

"free discussion protocol". However, the evaluators were not restricted to 

gathering the users' impressions about every usability issue, but they could also 

expand the review to discuss other usability issues that may have emerged during 

the review session to add new problems. 

Through the addition of the user sessions discussed above to various situations related to 

the traditional HE procedure, new methods of evaluation were created. More specifically, 

in the first experiment, both user sessions were examined independently, leading to the 

formation of the new methods of UES-HE and URS-HE. The second experiment 

examined both user sessions together in one method called US-HE in order to find out if 

combining the two sessions would lead to better usability results compared to the use of 

any one of the user sessions (UES-HE and URS-HE), as explained in the first experiment. 

Furthermore, in order to cover all possible situations of examining the proposed user 

session with HE, the third experiment aimed to employ these sessions in the case of 

collaborative evaluation, as suggested by Petrie and Buykx (2010), and this resulted in 

the new methods of US-CHE and US-ICHE. 

3.4.8.1.2 User Testing (UT) 
The usability testing method is considered one of the most common usability evaluation 

methods for ensuring the quality of a website. In the present study, usability testing was 

used as a second validation method along with the HE method due to the fact that its 

results are derived from potential users who are representative of the real users. The UT 

method requires an observer to monitor the user while he/she performs a list of tasks. 

However, prior to implementing this method, there are several issues that must be 
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considered and clarified. In the following part, these issues are addressed through a 

discussion of the sufficient number of users in this study as well as their characteristics. 

In addition, the test environment is discussed and the procedures for implementing this 

method are explained. 

Ø Number of users and their characteristics 
The UT method requires a certain number of users to perform a list of tasks, but no 

agreement has so far been reached with regard to the optimal number of users. As 

indicated in the chapter on the literature review (Section 2.4.1), this remains a contentious 

issue. Nielsen (2000) suggested that a number of five users was sufficient to find a 

proportion of 85% of usability problems, while any number larger than that was a waste 

of resources and time, from his perspective. This position was also maintained by Virzi 

(1992), who specified that five users could lead to the discovery of 80% of usability 

problems. Similarly, Turner et al. (2006) argued that three to five users were enough to 

discover most of the usability problems. Meanwhile, despite admitting that four or five 

users could detect around 80% of usability problems, Brinck et al. (2001) recommended 

recruiting eight to ten users if the budget allowed it. On the other hand, Faulkner (2003) 

argued that five users could only find 55% of all usability problems, while Lindgaard and 

Chattratichart (2007) claimed that five users could identify an even smaller proportion of 

the total usability problems, of just 35%. Furthermore, Dumas and Redish (1999) 

suggested that six to twelve users was the ideal number of users. However, in order to 

obtain statistical results, Rubin and Chisnell (2008) recommended that a higher number 

of users be used. More specifically, they recommended that at least eight users should be 

recruited, if possible. This recommendation is consistent with Sova and Nielsen (2003) 

who stated that “For your study results to produce statistical significance, plan to evaluate 

with 10 to 12 participants per condition”. In this context, and with regard to the use of the 

UT method as a benchmarking method, Nielsen (2006) recommended the recruitment of 

a number of twenty users. Sauro (2010) supported this suggestion based on the results of 

an analysis of more than 120 usability tests, which showed that twenty users resulted in a 

margin of error of about 20% compared to smaller sample sizes of just five or ten users, 

which resulted in an error margin of about 58% and 36%, respectively. Hence, it was 

concluded that recruitment of twenty users produced a lower margin of error than 

recruitment of five or ten users. In the present study, the UT method was employed for 

benchmarking, so the recommendation made by Nielsen (2006) to recruit twenty users 

was adopted. Thus, the researcher recruited twenty users for each target system so that 

the total number of users employed to conduct the UT method in this study was forty 

users. With regard to user characteristics, in order to ensure that the selected users were 

representative of the typical users for the target website, the context meeting was held 

prior to conducting the research experiments for a variety of purposes, including defining 

user characteristics. Although most studies ignore this meeting, defining user 

characteristics through a context meeting has been recommended by several authors (e.g. 

Thomas and Bevan (1996) and Maguire (2001)), as described in Section 3.4.6.1. All the 

involved participants are of Saudi nationality and spoke Arabic as native speakers and 

none of them had experience of work with the targeted study website or UEM. 
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Ø Procedure of the tests 
Among different techniques of UT, thinking aloud protocol is described as the most 

valuable technique among usability evaluation methods (Holzinger, 2005). Among the 

thinking aloud methods mentioned in Section 2.3.4.4.2, the most widely used thinking 

aloud method is concurrent thinking aloud, which is rapid, efficient, needs limited 

resources, and easy to use; explaining why 89% of respondents to a survey conducted by 

McDonald et al. (2012) preferred it over retrospective thinking aloud and constructive 

interaction. The eight steps of the process of UT performance that were distinguished by 

Rubin and Chisnell (2008) are test plan formulation, creation of a test setting, participant 

recruitment, preparation of test materials, performance of the test sessions, performance 

of the debriefing session, data analysis, and report the results and suggestions. In addition, 

in relation to the stages of usability testing, eight steps were identified by Lazar (2006) 

(cited in Lazar et al., 2017), which are: 

1. Select representative users 

2. Select the setting 

3. Decide what tasks users should perform 

4. Decide what type of data to collect 

5. Before the test session (informed consent, etc.) 

6. During the test session 

7. Debriefing after the session 

8. Summarize results and suggest improvements 

No standard approach to usability testing currently exists (Hertzum et al., 2014), but a 

four-point usability testing model has been put forth by Clemmensen et al. (2009) to 

highlight the aspects that all method versions include. Therefore, a more basic thinking 

aloud or usability testing model comprising just four steps was suggested by Clemmensen 

et al. (2009) and the steps are interaction of users with a system to complete a series of 

pre-established tasks, the user verbalise his views and thoughts during the execution of 

the tasks and encouragement of users to express their views out loud during task 

performance if the user remains silent for a long period, observation of how users behave 

and what their views are by an evaluator who uses such information to detect usability 

problems, and a good relationship between evaluator and user as language and indirect 

communication are helps the user feel comfortable and makes it easier for the evaluator 

to collect user comments. Figure 3.5 shows the reference model of thinking aloud or 

usability testing. With regard to the second step above, Geisen and Bergstrom (2017) has 

provided some examples of these encouraging questions in order to prompt verbalisation 

such as “What are you thinking?, Tell me what you’re doing, Tell me what you are 

looking at, Keep talking, Tell me more about that”. The four-step model proposed by 

Clemmensen et al. (2009) is adopted and the same protocols are applied to the assessment 

procedure for every UT session because it is essential that users are comfortable and 

relaxed to ensure the reliability of results. The procedure was identical for every session 

of user testing. At the start of the user session, the researcher greeted the users and 

informed them about the research goals, the number of questionnaires to be completed 

and their right to terminate participation whenever they wanted. To indicate their 
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agreement to take part in the experiment, users are required to sign consent forms (see 

Appendix A). Subsequently, the users are required to confirm personal details (e.g. age, 

computer skills) that they already supplied when they were first selected. After these 

formalities are taken care of and the users are prepared, the session commences with the 

initial task.  The users were given 5 minutes to acquaint themselves with the website in 

the first user task. Once they became familiar with the website, the users can complete 

the other user tasks, with pre-established duration for every task. A post-test questionnaire 

was completed by the users following finalisation of the website-related tasks. The 

session ended with gratitude being expressed to users for their participation and payment 

of SAR 10 (Saudi Riyal). 

	

Figure 3.5: Reference model of thinking aloud (Usability Testing) adopted from Clemmensen et 

al. (2009). 

3.4.8.2 Participant recruitment 

When planning research experiments, the participants' phase of recruitment is an 

important consideration. This stage begins once the researcher understands the user 

characteristics required for the target system, and has established the desired number of 

participants. There are several methods of recruitment for participants and the researcher 

can choose from these based on how suitable they are for the nature of the research. A 

popular way to recruit individuals is through agency recruiting and certain self-recruiting 

methods (Sova and Nielsen, 2003). Agency recruitment reduces the amount of time a 

researcher needs for their work, allowing them to spend their energy on other areas. On 

the other hand, the downside of agency recruitment is that it is an expensive approach, 

and needs a significant budget to achieve. The method of self-recruitment is considered 

to be the most popular recruiting practice, as it is cheap (Geisen and Bergstrom, 2017; 

Dumas and Loring, 2008). Sova and Nielsen (2003) show that 79% of usability 

practitioners stated that they personally recruited usability participants. The disadvantage 

of this approach is that it requires more time invested by the researcher (Dumas and 

Loring, 2008; Barnum, 2010). The researcher employed the self-recruiting method 

because of the expenses associated with the agency method and he used advertisements 

in nearby cafes, travel agencies, universities, colleges and public places to achieve the 

recruitment goals. The advertisement itself was simple, requested that any volunteers who 

were interested in evaluating a website should contact the researcher, and informing them 
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that the researcher will pay for their time (Brinck et al., 2001). Therefore, the researcher 

was keen to include these elements within the advertisement. 

According to Sova and Nielsen (2003), a good and accurate planning process for 

recruitment of participants should consist of three steps, which are:  

G. Establishing the criteria based on which participants are to be recruited.  

H. Selection of an appropriate reward strategy in order to encourage prospective 

participants to take part in the research. 

I. Selection of a location that is convenient to participants, in terms of being easy to 

find and accessible.  

The first and third steps are respectively addressed in Section 3.4.8.1.2 and Section 

3.4.8.3, while the second step is addressed in the present section. Once the recruitment 

criteria for participants have been determined, the researcher still needs to make some 

decisions, such as identifying appropriate incentives for participants. These incentives 

can be offered to participants either in monetary form, in other words cash money, or in 

non-monetary form, in other words, gifts such as Amazon purchase vouchers.  

Sova and Nielsen (2003) indicated that incentives in monetary form were usually handed 

out to the majority of external participants (63%). They also recommended that the time 

spent by each participant in the experiment should be taken into account and the reward 

offered should be commensurate with the time spent. For example, it is not appropriate 

to give a participant who carried out only one evaluation session the same reward as a 

participant who carried out three evaluation sessions. Furthermore, participants may be 

given their rewards either at the beginning or at the end of the experiment, but it is often 

advised to hand out rewards once the participants have completed the performance of the 

experiment sessions (Sova and Nielsen, 2003). In the present study, the majority of the 

participants were given incentives for their involvement in the research (SAR 10 for each 

evaluation session), although there were some who did not require incentives and 

participated for free. 

3.4.8.3 Test and evaluation environment 

Any environment can serve as a setting for the performance of usability testing, whether 

it be a purpose-built usability laboratory, a field location or anything in between (Lazar 

et al., 2017), including classroom, cars and virtual reality environments (Wichansky, 

2000). However, a controlled, laboratory-based environment is the setting typically 

employed for usability testing, which exposes participants to conditions different from 

those they are used to. Furthermore, the laboratory is an appropriate method when the 

type of study is a summative evaluation (Maguire, 2001). However, regardless of the 

study location, participants’ needs should be prioritised and measures should be taken to 

facilitate their involvement (Sova and Nielsen, 2003). Location and participant 

availability determine the assessment setting, alongside two categories of factors, namely, 

physical factors (e.g. noise, temperature, lighting, vibration, humidity) and social factors 

(e.g. the number of people in the proximity of the assessment setting and their relation to 
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the participants) (Lazar et al., 2017). In addition, to ensure a high attendance rate, study 

locations should be on or in the proximity of major roads, with good access by public 

transport, to make it as convenient as possible for participants to attend (Sova and Nielsen, 

2003). In fact, a controlled setting in which participants can undertake activity under 

identical conditions is necessary for usability testing. Therefore, to permit subsequent 

comparisons and avoid discrepancies in usability testing conditions (i.e. Internet speed, 

machine and browser type), every experiment must be conducted in the same test setting. 

As highlighted by Lazar et al. (2017), an elaborate laboratory setting is not really 

necessary for user testing. In this study, the UEMs sessions were conducted at an Internet 

cafe, which is similar to a laboratory consisting of more than 20 computers connected to 

high speed Internet. According to Rubin and Chisnell (2008), this type of lab is called a 

“Large Single-Room” that it contains a set of computers rather than one computer in a 

small room. The above factors related to providing a comfortable environment for the 

participant have been taken into consideration when choosing an appropriate place such 

as comfortable chairs, clean place and suitable lighting. This place is located in the center 

of Jeddah city and is named "Voxel Gaming" (see Appendix F). Thus, the setting for the 

UT and other UEMs in the present study is a clean, quiet and well-lit laboratory equipped 

with every required item (e.g. comfortable furnishings, Internet connection, desktop 

computers).  

3.4.8.4 The problem reduction process 

Put forth by Connell and Hammond (1999), the method of problem reduction process was 

applied in the present study. As can be seen in Figure 3.6, this method has two stages, 

namely, 'within subject', which entails removal of duplicate issues in every UEM method, 

and 'between subject', which entails examination of the overlapping of one usability issue 

with the issues discovered through other UEM methods, yielding one set of non-duplicate 

usability issues. Subsequently, the ability of every UEM to detect unique usability issues 

and the number of overlapping issues discovered by multiple methods are measured based 

on the single set, which also permits comparison between UEMs. 
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Figure 3.6: The process of problem reduction proposed by Connell and Hammond (1999) 
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3.4.8.5 Usability measures 

UEMs have been evaluated based on a variety of criteria. However, these criteria are very 

rarely have been employed in one study. Thus, to determine the quality of each usability 

method used in this research, this study conducts comparative usability evaluation 

between the results of UEMs. The researcher must be taken into account whether the goal 

of the study is comparison between different target system or to compare the UEMs itself 

because depending in this goal it can determination of the criteria to be followed for 

comparison. Chinthakayala et al. (2014) study represents an example of former that 

comparing three social networking websites depending on four criteria which are 

navigation, interactivity, source credibility and Intelligence. In contrast, one of the most 

prominent studies that provided the criteria that can be used to comparison of UEMs itself 

was presented by Hartson et al. (2003). Hartson et al. (2003) study was adopted as the 

basic criteria for comparison in this study based on the goal of the current study which 

aims to compare different methods of usability evaluation. During selection of metrics 

for a usability study, a number of aspects should be taken into account, such as study 

aims, existing methods for data collection, as well as resources and time available for 

yielding results (Albert and Tullis, 2013). According to Park and Hwan Lim (1999), the 

features of the use context that can affect usability and the aims of the agents taking part 

in the measurement also contribute to the selection of measures and degree of depth of 

the assessment. In fact, a process of usability assessment permits the collection of a range 

of data types of either qualitative or quantitative nature, depending on the objective of the 

usability research. Hence, that objective cannot be fulfilled if the relevant data are not 

measured. In this study, application of the methods proposed in this study, HE and UT 

permit the collection of a range of data types, these methods comprise just two kinds of 

measures, namely, the participants’ performance data such as in terms of the time spent 

and number of identified usability problems, and the participants’ subjective data such as 

how satisfied the participants are, and how independent evaluator rate usability problems 

with regard to seriousness. Measures that are highly popular are efficiency, effectiveness 

and satisfaction (Sauro and Kindlund, 2005). In fact, usability is defined by the ISO in 

terms of these main measures, which are also the measures employed for the purposes of 

this experiment. A research by Frøkjær et al. (2000) advised including these three 

measures of usability; while measures that are worth taking into account are validity, 

reliability and thoroughness (Hartson et al., 2003). The following part focuses on the 

exploration of some dependent variables employed in the present study, which were 

highlighted in Section 3.4.3. All of above measures are included in the present study, and 

a description of each of them is provided in the next part. 

3.4.8.5.1 Time spent 
The feature of efficiency is usually measured based on the time spent, which refers to the 

amount of time that an evaluator needs to conduct an evaluation in the context of HE and 

methods proposed in this research, while in the context of UT, it can refer to the average 

amount of time that users require to conduct list of tasks. Time calculation can be 

achieved with a digital stopwatch, smartphone or software (Albert and Tullis, 2013). 

Given the existing resources, the time was manually recorded by using digital clock on 

smartphone in present study. The testing time for UT method begins once the list of user 
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tasks has been read by the users and finishes when all the tasks have been completed, 

whereas the evaluation time for HE and methods proposed when begins the evaluator has 

started the evaluation session and finishes when all the required actions have been 

completed by the evaluators. In addition, it is advisable to recruit two people to help 

record time (Albert and Tullis, 2013). Therefore, the researcher has recruited three people 

to record time in this research for all evaluation sessions in all UEMs, except for the UT 

method that the researcher has recorded the time for each test session of the user. 

3.4.8.5.2 Number of problems 
Numbering usability issues is a popular approach to usability measurement. There is no 

single definition of usability problem (Cockton and Lavery, 1999). According to Stone et 

al. (2005), a usability problem can be understood as “A difficulty in using the user 

interface design that affects the user's satisfaction and the system's effectiveness and 

efficiency. Usability defects can lead to confusion, error, delay, or outright failure to 

complete some task on the part of the user”. Another common definition has been 

introduced by Lavery et al. (1997) who has stated that usability problem is “an aspect of 

the system and/or a demand on the user which makes it unpleasant, inefficient, onerous 

or impossible for the user to achieve their goals in typical usage situations”. The process 

of finding usability problems is generally an easy process, but the difficulty is to agree on 

the severity and degree of its impact on the user (Lewis, 2006b). An example of obvious 

usability problems, users spending too much time on the wrong website page and invisible 

links on website. There are potential effects of usability problems on the user, which may 

cause several situations such as feeling frustrated by the result of delay in the completion 

of the task while user interacting with the user interface or may user feel angry and leave 

the use of the user interface in case the interface suffers from many problems of usability. 

Quantification of the number of issues detected is the easiest way to determine the utility 

of a usability evaluation method (UEM). For the purposes of the experiments in the 

present study, the author took on the role of the observer and adequately documented 

every usability issue that the users were confronted with during the test session. For 

methods proposed in this research and HE, evaluators participating in these methods have 

undertaken to establish a list of potential problems. 

3.4.8.5.3 Severity rating 
A variety of different usability problems associated with the website under investigation 

can be discovered by UEMs. Due to the time and resources of a usability project, it is 

rarely possible to address every single one of the issues identified during a usability 

assessment. Thus, in order to establish which issues demand the most attention and 

determine the necessity for ongoing usability efforts within the existing financial and 

temporal limitations (Nielsen, 1994c), the identified issues must be ranked according to 

how serious they are. As suggested by Molich and Dumas (2008), identification of serious 

usability issues should be attributed greater importance than identification of all usability 

issues, since the probability of solving usability issues with a high level of seriousness is 

greater than that of solving usability issues with a low level of seriousness. Along similar 

lines, Lindgaard and Chattratichart (2007) deduced that the value of UEMs identifying a 

significant proportion of serious usability issues is greater compared to UEMs identifying 
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a high proportion of issues of low seriousness. Although there are a variety of possible 

classifications of usability issues in terms of how serious they are, there are two major 

categories that the majority of such classifications fall into, namely, assessment of 

seriousness solely on the basis of impact on the user experience (an issue is considered 

more serious the greater its impact on user experience) and assessment of seriousness 

based on a range of factors, such as business goals (Albert and Tullis, 2013). The impact 

on the user experience constitute the foundation of numerous seriousness assessments, 

which are advantageous because they are not difficult to apply and produce beneficial 

data (Albert and Tullis, 2013), which is the technique applied in this study. Thus, the next 

step after the identified usability issues are reported is determining which of those issues 

need to be addressed first and which are less pressing. In keeping with the 

recommendation provided by Nielsen (1994c), the approach adopted in the present study 

to determine the seriousness of every problem is to separate the usability issues into 

different groups with a specific numeric scale allocated to each of them. This process led 

to a four-level rating system: 

1: Cosmetic problem only – need not be fixed unless additional time is available. 

2: Minor usability problem – fixing this should be given low priority. 

3: Major usability problem – important to fix, so should be given high priority. 

4: Usability catastrophe – imperative to fix this before the product can be released. 

The above rating system not only allows usability issues to be prioritised, but also makes 

it possible to compare the issues detected by different UEMs. To obtain more reliable 

results, it is recommended the severity of the problem be determined by an independent 

evaluator. It is advisable for usability issues to be rated in terms of their seriousness by 

more than one independent evaluator (Albert and Tullis, 2013). This advice is also 

supported by Nielsen and Mack (1994) who recommend using “the mean of the severity 

judgments from several evaluators to obtain much more reliable results”. In this study, 

two independent evaluators were recruited to score the severity of usability problems 

according to the four categories described above. This requires the independent evaluators 

to go over the list of usability problems to gain an understanding of every issue in order 

to be able to accurately establish how serious each issue is, a process that takes place 

following the completion of the evaluation in the case of proposed methods and HE 

method. Meanwhile, in the case of UT method, same independent evaluators take part in 

the process of rating the issues confronting users, as indicated by the observer. Practically, 

two independent evaluators rated the seriousness of usability problems on their own and 

then focused their attention on the issues that they did not rate the same, eventually 

reaching an agreement and established a consensual seriousness rating. 

3.4.8.5.4 Satisfaction ratings 
Satisfaction indicates whether participants had a positive or negative experience with a 

particular system. It is a usability attribute which covers the feelings the users have about 
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the system. The attitudes of participant towards a particular system can be gauged on the 

basis of the usability measure of satisfaction. Of the various approaches for assessing 

satisfaction, the System Usability Scale (SUS) questionnaire is the most popular. The 

post-test questionnaire entitled the System Usability Scale (SUS) was originally 

developed by Brooke (1996) with the purpose of measuring participants’ satisfaction. It 

consists of ten items, five of which represent negative response options, while the other 

five represent positive response options. Albert and Tullis (2013) argued that it was easy 

for researchers to express the results of the SUS in a percentage in the range from 0% to 

100%, with 100% denoting the optimal score. Three categories of SUS score percentages 

were delineated by Bangor et al. (2009) to permit interpretation of the SUS scores, as 

follows:

• Less than 50% = Not acceptable  

• Between 50 and 70% = Marginal  

• More than 70% = Acceptable. 

Furthermore, the grading scale put forth by them led to the following classification of 

SUS scores: F = scores lower than 60, D = 60-69, C = 70-79, B = 80-89, and A = scores 

of 90 or higher (see Figure 3.7). Bangor et al. (2009) provided useful guidance to the 

evaluator regarding filling out the satisfaction forms. Therefore, the researcher gave these 

instructions orally to the evaluator before starting the process of filling the satisfaction 

questionnaire as follows:

J. Please indicate your intuitive answer to every statement by checking the relevant 

box. 

K. You should not attribute too much thought to every statement. 

L. All statements must be answered, but in the event of not knowing what to answer, 

box “3” should be checked. 

	

Figure 3.7: A comparison of the adjective ratings, acceptability scores, and school grading 

scales, in relation to the average SUS score (Bangor et al., 2009) 

According to Hvannberg et al. (2007) and Bangor et al. (2009), SUS enjoys great 

popularity in the industry as an instrument of usability evaluation thanks to its robustness, 

reliability and cost-effectiveness. The phrasing of the items was slightly altered by some 

researchers, such as Bangor et al. (2009), who substituted the word ‘cumbersome’ in the 

eighth item with ‘awkward’. Meanwhile, Sauro and Lewis (2016) argued that scoring was 

unaffected by replacement of the word ‘system’ in the initial SUS items with ‘website’ 

or ‘product’ or even employing the name of the website/product. In the present study, the 

proposed methods were created as instruments for website assessment, so its related 
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satisfaction attribute must be measured by comparison to a traditional HE method. Thus, 

the evaluators were asked to rank ten items of SUS using the five-point scale (from 1 = 

strongly disagree to 5 = strongly agree) after evaluation sessions of HE and proposed 

methods completion but prior to the debriefing session. Subsequently, in order to shed 

light on discrepancies, the overall score for every item was determined and compared to 

different UEMs methods. 

In addition to the measure of SUS, the adjective rating scale allows expression of 

satisfaction in absolute numbers (Bangor et al., 2009). Based on their findings, the authors 

put forth two reasons in favour of the use of the adjective rating scale, namely, that it 

helps with the interpretation of the SUS scores and the results it yields can be easily 

understood by non-specialists. Bangor et al. (2009) emphasised that the overall question 

relating to the adjective rating scale (the eleventh question) is listed following the ten 

items of SUS, who proposed a one to seven scale (See Figure 3.8).. Based on the analysis 

of about 1,000 SUS scores, Bangor et al. (2009) found that there was a strong correlation 

between the SUS scores and the adjective rating scale. In this study, evaluators address 

the adjective rating scale question immediately after the SUS rating scale because it was 

on the same page as the SUS (Bangor et al., 2009).

	

Figure 3.8: The adjective rating statement (Bangor et al., 2009) 

In the case of the UT method, the users’ level of satisfaction was measured by asking 

them to answer a single question within the post-test questionnaire immediately after 

completion of the website testing session. Users’ satisfaction can be measured based on 

the seven-point scale proposed by Nielsen and Loranger (2006). More specifically, users 

must indicate how satisfied they are on a scale of one to seven, with 7 denoting high 

satisfaction and 1 denoting the most unsatisfactory. This scale accurately denoted how 

satisfied users were with a website interface (Nielsen and Loranger, 2006).

3.4.8.5.5 Comments, feedbacks and attitude 
The think aloud protocol is a foremost method employed in the context of usability testing 

to collect comments, thoughts and feelings from users towards the targeted website 

(Albert and Tullis, 2013), during the assessment process. This protocol involves 

monitoring and observation of the users, with encouragement in a neutral and unbiased 

manner to say out loud what they think. The author of the present study takes on the role 

of the observer, recording users’ comments, thoughts and feelings during the test sessions 

of UT method whereas evaluators takes on the role of the observer of the proposed 

methods. In addition, after test session or evaluation sessions, the observer record 

participants attitude and experience towards the targeted website via one question in case 
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of UT method and via SUS questionnaires in case of the HE and proposed methods. 

Collecting participants’ comments and attitude are useful to collect preference data. 

3.5 Data Analysis 

The data analysis process aims at identification of the differences between the 

performances of UEMs and determining which of them ensures better results. The 

mentioned aim is achieved via conducting comparative usability evaluation between the 

obtained results of the UEMs in terms of the performance of usability metrics (including 

validity, thoroughness and effectiveness), reliability, efficiency, number of usability 

problems detected along with their severity, satisfaction rating of users and evaluators, 

the relationship between sample size and problem detected, and time spent. Along with 

taking into account the cost of employing each of the UEM as well as considers the 

possibility of using more than one UEM through the analysis of overlapping and unique 

real problems identified by each UEM (see Table 3.3). Since this research employed 

several methods of UEMs, the process resulted in a large amount of data. These data can 

be linked to either performance data or preference data. The former describes the 

measures of the user/evaluator behaviour, whereas the latter presents the measures of 

user/evaluator opinion. The performance data can represent objective measures, while the 

preference data can do representation of the subjective measures. To further clarify, since 

the term ‘objective measures’ refers to the “aspects of the interaction not dependent on 

users’ perception” (Hornbæk, 2006), performance data “consists of objective measures 

of behaviour” (Rubin and Chisnell, 2008). In contrast, since the term ‘subjective 

measures’ refers to “users’ perception of attitudes towards the interface” (Hornbæk, 

2006), the preference data “consists of the more subjective data that measures a 

participant’s feelings or opinions of the product” (Rubin and Chisnell, 2008). In usability 

studies, the number of usability problems detected and the time required to conduct the 

UEM are examples of performance data which can be obtained by observing the 

participant during the evaluation/ testing session. In contrast, the post-test questionnaire 

which measures the satisfaction of an evaluator or a user is an example of preference data. 

Whilst both objective and subjective measures should be included within usability 

measures, clear distinction should be implemented for both approaches which should be 

analysed and compared to identify the presence of any correlations. Both performance 

data and preference data were collected from the participants in this research. Essentially, 

the collection and analysis of these data can fall under two basic types: qualitative data 

and quantitative data, which will be discussed in the following sections. 
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Types	of	measures	 Usability	measure	

Objective	measures	

Validity	
Thoroughness	
Effectiveness		
Reliability	
Efficiency	
Number	of	usability	problems	detected	along	with	their	severity	
The	relationship	between	sample	size	and	problem	detected	
Time	spent	
The	cost	of	employing	each	of	the	UEM		
Using	more	than	one	UEM	

Subjective	measures	 Satisfaction	rating	
Table 3.3: Types of usability measures 

3.5.1 Qualitative analysis 

The nature of the present research requires collecting qualitative data that represent 

narrative data; consequently, it was done via collecting the evaluators’ reports and 

observers’ notes. The data from the latter facilitates identification of the problems faced 

by the user while interacting with the target system, while the former present the views 

of the evaluators that facilitate understanding of the evaluators’ expectations as per the 

potential problems which may hinder the user while browsing the target site. It should be 

noted that qualitative data collection has differences from the analysis of qualitative data 

since “qualitative data collection may in some cases become a quantitative analysis if 

quantifiable coding techniques are developed for the data” (Howitt and Cramer, 2011). 

In the present research, data were partially collected in a qualitative manner with the 

subsequent quantitative analysis. The reasons behind opting for quantitative analysis were 

achievement of the criteria for comparison of UEMs and achievement of the objectives 

of this research (see Section 2.4.3 and Section 3.4.8.5). Therefore, these data must be 

coded as numeric data and such qualitative data was processed for inclusion in such 

statistical programs as Excel and SPSS. This coding of qualitative data into numeric data 

was done by the method of problem reduction process proposed by Connell and 

Hammond (1999), as mentioned in Section 3.4.8.4. Consequently, the data can be 

quantitatively analysed to achieve the objective set in the research via measuring the 

performance of each UEM, as mentioned in Section 3.4.8.5. 

3.5.1.1 Usability Problem Report 

Albeit the research has implied qualitative analysis, it will also include sending a copy of 

the list of usability problems to the website owners to benefit in the development of their 

websites. It will also contain recommendations as per how to avoid these problems. 

3.5.2 Quantitative Analysis 

Studies were data has been collated in numerical form necessitates application of 

quantitative analysis. In usability studies, the quantitative data typically represent the 

performance data of UEMs. Quantitative analysis can be sub-divided into two main types: 

descriptive statistics and inferential statistics, both of which were used in this research in 
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conjunction with other measures of usability. Cockton et al. (2012) provided examples of 

quantitative measures of usability, namely validity, thoroughness, and effectiveness. 

3.5.2.1 Descriptive Statistics 

Descriptive statistics is applied to facilitate the description of the obtained numerical data. 

Data description and summary are the primary goals of descriptive statistics, and their 

analysis and interpretation are quite straightforward. Among the most common tests used 

for descriptive statistical analysis are means, medians, modes, variances, and standard 

deviations (Lazar et al., 2017). Although such tests provide adequate baseline 

recommendations, the researchers may prefer statistically significant results (Rubin and 

Chisnell, 2008). To achieve the results of statistical significance, the researcher is 

supposed to apply more sophisticated statistical tests of inferential type as preferred over 

the descriptive type. The use of such tests is beneficial when comparing several methods 

of usability. Therefore, the following section will present the explanation of the inferential 

tests in detail. 

3.5.2.2 Inferential Statistics 

Inferential statistics is used to determine the probability that populations are significantly 

different thereby indicating that the experimental intervention did cause an effect 

(Marshall and Jonker, 2011). Application of this analysis technique can support the 

researcher in proving the relationships between the study variables to draw corresponding 

conclusions. The IBM Statistical Package for Social Science (SPSS 24) software package 

was employed, which the author became familiar with during the self-learning. Thus, 

alongside descriptive statistics, inferential statistics were used as well, owing to the 

notable results they produce from the investigation of the usability issues. Furthermore, 

they make the research results more valid and reliable, while their broad application in 

the HCI field justifies their use. The present study also employed several statistical tests, 

such as Kruskal-Wallis, and Pearson correlation, in order to determine whether the groups 

and methods employed were significantly correlated or dissimilar. 

3.5.2.3 Usability measures 

The collected data (e.g. efficacy, effectiveness, validity, thoroughness, satisfaction, 

reliability) can be subjected to extra measures (e.g. the level of satisfaction of the 

participants, the number and severity rate of usability problems identified, cost, and 

amount of time spent), which can contribute to accomplishment of the research 

objectives. Analysis and comparison of such data are undertaken with regard to the 

performance of the groups according to the evaluation methods employed. 

3.6 Reliability and Validity 

All types of research experiments contain two essential elements, namely validity and 

reliability. Similar to the majority of scientific experiments, those related to usability 

studies should take into account potential threats to validity and reliability. Before 

discussing how research can be valid and reliable, these two terms need to be clarified. 
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According to Preece et al. (2015), validity is “concerned with whether the evaluation 

method measures what it is intended to measure; this encompasses both the method itself 

and the way it is implemented”, whereas the reliability of UEM relates to how effectively 

the same results are obtained on different occasions under identical conditions. For 

example, Nielsen (1993) provided common problems related to validity, such as 

involving inappropriate participants or presenting a wrong list of user tasks to 

participants. Although scientists did not have a unanimous opinion on the types of threats 

to validity, Gray and Salzman (1998) pointed out the most relevant ones to the studies of 

HCI. In their study, they reviewed the experiments of five influential researches which 

compared the performance of UEMs to reveal that each of these five studies had problems 

with validity. For example, they found that Desurvire et al. (1992b) made a comparison 

between the HE method and CW method and concluded about the superiority of HE 

method. Nevertheless, this conclusion is subject to validity problems because each group 

in this research contains few people involved (namely, each group has three participants). 

Therefore, it might be assumed that the superiority of HE method can happen by chance. 

The reviews of Gray and Salzman (1998) contain relevant recommendations to the 

practitioners on how to address potential threats to validity effectively. In order to ensure 

the validity of this research, the mentioned recommendations have been taken into 

consideration during the planning of this research. The following sections will discuss the 

most prominent potential threats classified into three categories detailed as follows. 

3.6.1 Internal Validity 

The term ‘internal validity’ refers to the “question of whether a finding that incorporates 

a causal relationship between two or more variables is sound” (Bryman, 2012). 

Consequently, the results that are expected from the effect of the manipulation of the 

independent variable are actually the results of a confounding variable. According to Gray 

(2004), a confounding variable is “a variable, other than the variable(s) under 

investigation, which may distort the results of experimental research, and so has to be 

controlled for”. The example of internal validity threats is the following: providing a 

longer time to the evaluator in the US-HE method for evaluating the user interface with 

correspondently less time for the evaluators in the HE method. Thus, the US-HE method 

can obtain superior results as compared to the use of the HE method. This example clearly 

demonstrates that the internal validity is threatened because the researcher provides 

different times for the use of each method. It also implies that the responsibility to control 

factors that may cause potential problems of internal validity is the responsibility of the 

researcher. Therefore, a well-designed research experiment is an effective solution to 

increased internal validity. Although researchers have failed in finding specific 

approaches to successful measurements of this type of validity, Gray and Salzman (1998) 

explained that it requires proper planning for three research elements: setting, selection, 

and instrumentation. 

Regarding the setting, the researchers pointed out that the sample of participants should 

be subject to the same conditions and the same place, regardless of different groups where 

they were appointed. Moreover, they stated that participants should be randomly assigned 
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to each test group to address validity threats related to the selection of participants to 

ensure that the characteristics of the participants in each group are similar. In addition to 

ensuring the homogeneity of participants' characteristics, user selection should take into 

account the fact that they represent a potential user of the target system. The recruitment 

of users representing a typical user can be discussed through the context meeting held 

prior to the implementation of the experiments, as shown in Section 3.4.6.1. Finally, they 

recommended that research instrumentation should not be biased toward a single UEM at 

the expense of other UEMs. Eminently, this is achieved by employing independent 

experts who are non-participants in the experiments to assess the severity of usability 

problems. This helps to avoid bias in favour of an individual method over the others when 

assessing the severity of usability problems. Furthermore, the process of identifying and 

classifying the usability problems is supposed to be uniform. 

In order to ensure the internal validity of the present research, the recruitment of the 

participants was done to ensure having the same characteristics in each group to the 

highest possible extent, applying the same research instruments (e.g. same severity rating) 

and the same procedures for all experiments. In addition, all experiments were conducted 

under the same environment. Consequently, the conditions and location (i.e. usability lab) 

are identical in all three experiments; thus, it facilitates ensuring that the same conditions 

are maintained for all participants. Moreover, the severity rating of usability problems 

was determined by the independent evaluators to avoid bias of the participants’ 

assessment in favour of the methods they used over the others, as mentioned in Section 

3.4.8.5.3. From the above, it can be concluded that the researcher's commitment to the 

presented recommendations would establish a solid internal validity of this research. 

3.6.2 Constructing Validity 

Constructing the validity is concerned with ensuring that the research measures what it 

claims to measure. In other words, it is aimed at ascertaining whether the researcher has 

already measured what he claims to be his initial intention while planning to do 

experiments. To ensure this, all research methods and procedures followed during the 

implementation of research experiments should be presented in detail. For example, it 

should be clarified whether the participants in the HE method evaluated the user interface 

collaboratively or individually; moreover, it should be clarified whether the participants 

used heuristics list (10 Nielsen's heuristics). This factor enables the practitioners to 

understand and apply the same procedures to those proposed UEMs from the researcher. 

More so, Gray and Salzman (1998) strongly recommend avoiding the involvement of 

participants for more than one method of UEMs as the failure to follow this 

recommendation definitely affects the behaviour of the participants. For further 

clarification, this is to be observed because their performance in the first method has a 

potential of affecting their performance in the following method. Therefore, they 

recommend using the between-subject whereas each group of UEMs is performed by a 

different group of participants. In this research, all research procedures have been 

implemented as planned in advance with detailed explanation in this chapter. In addition 
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to ensuring the construct validity of this research, the researcher adopted a between-

subject approach for all experiments, as mentioned in Section 3.4.4. 

3.6.3 Statistical Validity 

Statistical validity is used to ensure that there is a significant difference between the 

results obtained by each group of participants for each UEM method. Potential threats to 

statistical validity are represented in the following two aspects: low statistical power and 

random heterogeneity of participants, which can be considered as two sides of a single 

coin (Gray and Salzman, 1998). According to Gray and Salzman (1998), low statistical 

significance can lead to true differences going undetected; random heterogeneity of 

participants can lead to false differences being identified. Moreover, they offered a 

straightforward solution to address such potential threats by ensuring that the numbers of 

participants in each group of UEM are sufficient for conducting the statistical tests. 

However, the sample size required to conduct such tests is still a controversial issue that 

scientists have not agreed upon (Barnum, 2010). Regarding the usability studies, Sova 

and Nielsen (2003) recommended that the number between ten and twelve participants 

per UEM group is sufficient to conduct statistical tests that allow finding the statistical 

differences between the participant groups of UEMs.  

In conclusion, the above recommendations were taken into consideration in advance 

during the preparation of research design to ensure the quality of statistical validity of this 

research. All sample sizes in each UEM are mentioned in Section 3.4.8.1.1 and Section 

3.4.8.1.2 which allows conducting statistical tests that reveal the differences in 

participants’ performance among UEMs and mitigating the impact of the statistical 

strength decline. In the following section, the researcher will explain how to select 

appropriate statistical tests for this research. 

3.6.3.1 Choosing appropriate statistical test 

Statistical tests compose a scientific method used by most researchers in a variety of 

sciences to analyze the data. Comparison of several usability methods using statistical 

tests is a critical step towards achieving the research objectives. In this study, statistical 

tests are used to identify significant differences between UEMs, to identify relationships 

between the study variables, and to draw relevant conclusions. Thus, comparison of the 

study’s results using statistical tests plays a key role in allowing the researcher to make 

empirical and evidence-based decisions.  

In the present study, prior to the analysis of the experimental results, identify methods of 

statistical tests and their conditions are taken into account to ensure that the selection of 

statistical tests is suitable. Foster (2001) has provided researchers with a figure that helps 

in selecting the appropriate statistical test. This figure has been summarized as appropriate 

for this research as shown in Figure 3.9. In the following part, an overview of selecting 

the appropriate statistical test is provided. 
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1. The studies based on experimental research frequently require a small number of 

participants and this may generate problems related to the normal distribution tests 

because of the low statistical power with small samples (Field, 2013). “Because 

of a small sample size, normality tests have little power to reject the null 

hypothesis that the data come from a normal distribution. Therefore, small 

samples always pass normality tests” (Öztuna et al., 2006). More specifically, 

Field (2013) stated that having any sample size less than thirty participants the 

researcher cannot ensure implementing a normal distribution test; therefore, it is 

possible to consider it as the one with the data not normally distributed. In 

addition, the use of non-parametric tests has become more popular in HCI studies 

(MacKenzie, 2013). Moreover, non-parametric tests have a distinguishing feature 

of being used on all kinds of data scales. Therefore, because all sample sizes for 

UEMs in this study are less than 30 participants in each group, the non-parametric 

tests has been applied in this research. Hence, normality tests were not necessary 

because they do not have the power required to reject the null hypothesis  (Field, 

2013; Öztuna et al., 2006). 

2. In HCI studies, the effect sizes is often ignored (MacKenzie, 2013). More 

specifically, the usability studies tend to use confidence intervals rather than the 

effect size. For example, Lewis (2006b) stated that “For most applied usability 

work, confidence intervals are more useful than effect sizes because they have the 

same units of measurement as the variables from which they are computed”. In 

general, the level of confidence in most social research depends on the level of 

95% confidence, while regarding usability research, confidence level at 80% is 

also acceptable (Lewis, 2006b). The majority of results of empirical studies are 

interpreted and reported via using significance tests (Lazar et al., 2017). In this 

research, the level of confidence was adopted at 95%. 

3. In the case of non-parametric data and between-subject designs, comparison 

between more than two groups is conducted via the Kruskal-Wallis test in order 

to permit analysis of variance, while in the case of non-parametric data and within-

subject designs, comparison between more than two groups can be carried out via 

Friedman’s test. The Mann-Whitney tests are applied when two groups are 

compared between-subject designs in the case of non-parametric data. Therefore, 

because non-parametric tests were carried out for this study and between-subject 

designs has adopted in this study, the Mann-Whitney U test and the Kruskal-

Wallis test were selected as the most appropriate, with a 5% significance level. 

The former test is used in the case of comparing two methods whereas the later 

test is used in the case of comparing more than two methods.  

4. In order to decide which differences conditions were significant, “Dunn’s test is 

the appropriate nonparametric pairwise multiple-comparison procedure when a 

Kruskal–Wallis test is rejected” (Dinno, 2015). In addition, Defined by Napierala 

(2012) as a P value adjustment when the same set of data is subjected to multiple 

dependent or independent statistical tests, the Bonferroni post-hoc test permits 

performance of several of dependent or independent statistical tests, whilst also 

minimising the likelihood of false positives (type 1 errors) when one data set is 

subjected to several pair-wise tests. The critical P value (α) is divided by the 
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number of comparisons being made in order to obtain a Bonferroni correction. 

Therefore, to diminish the probability of false positives (type 1 errors) on the 

comparison data, this study implemented pairwise comparisons using Dunn’s 

method with a Bonferroni correction to enable comparisons between several 

methods as suggested by Napierala (2012). In addition, to determine whether two 

objects are correlated for this study, Pearson correlation employed (Lazar et al., 

2017). 

In this thesis, statistical analysis involved transferring all data to Microsoft Excel to be 

processed and subsequently to the SPSS 24 software for further advanced statistical 

analysis.

 

	
Figure 3.9: Selecting the appropriate statistical test (Foster, 2001) 
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3.6.3.2 Reliability Measurement 

In UEMs studies, a different evaluation produces different levels of reliability degree. For 

example, conducting an experiment that controls all the factors which may affect the 

participants' performance is certainly resulting in high reliability. On the other hand, the 

evaluation of participants in their natural environment (for instance, their offices in the 

companies) makes it difficult to control all the factors and consequently results in low 

reliability. In order to ensure the reliability of experimental research results, they should 

produce similar results when replicated as one of the requirements of implementing any 

effective experimental research is to obtain high reliability for the experiment. The 

increase in reliability of the experiment means ensuring a high confidence level as 

repeating the same experiment by other researchers or practitioners results in obtaining 

similar results. Unlike solid sciences, such as physics and chemistry, the measurement of 

science based on human behaviour or human interaction, as it is in HCI studies, is 

typically prone to higher level of volatility (Lazar et al., 2017). Therefore, the level of 

experiment replicability for such sciences is generally not high. 

3.7 Conclusion 

In the present chapter, the adopted research philosophy and methodology which 

represents the backbone of the planning of any study, has been presented and justified, 

alongside the research design, which has been shaped by the research objectives. An 

overview was also provided of the different types of research methods, the approaches 

taken for all the experiments, and the data collection and analysis methods. In fact, there 

are a wide range of research methods, but, given empirical nature of usability with 

emphasis on user behaviour, an experimental approach is considered the most 

appropriate. The employed usability evaluation methods were also presented, together 

with the usability evaluation metrics. The chapter concluded with an exploration of 

aspects related to research reliability and validity to ensure that the methods were reliable 

and valid. All the selected methods and techniques are widely employed in HCI research. 

The set-up and results of the first experiment constitute the focus of the following chapter. 
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4  THE IMPACT OF 

DIFFERENT USER SESSIONS 

DESIGN ON THE HEURISTIC 

EVALUATION 

4.1 Introduction  

As noted in the introduction, three experiments were planned in order to investigate the 

effect of different designs of user sessions on the HE method. These user session types 

are proposed by the researcher, with the aim of testing the impact of user on HE results. 

The first experiment addressed the question of whether Heuristic Evaluation based on a 

User Exploration Session (UES-HE) and Heuristic Evaluation based on a User Review 

Session (URS-HE) could produce an effective usability evaluation. This chapter 

describes the outcomes of this experiment and shows a comparison of the outcomes of 

the four UEMs, UES-HE, URS-HE, HE, and UT. The latter two methods were applied as 

validation methods for the proposed methods (UES-HE and URS-HE). UT was employed 

in order to pinpoint usability problems and enhance the experiment's validity by 

benchmarking outcomes (Nielsen, 2006; Riihiaho, 2015; Hartson et al., 2003), while HE 

was employed for head-to-head comparisons against the proposed methods (HES-HE and 

URS-HE), as the proposed methods are considered to be improved methods of HE. In 

addition, HE is also similar to the proposed methods in that they all apply inspection 

evaluation methods; however, HE is the most frequently applied technique (Díaz et al., 

2017; Jaspers, 2009; Rosenbaum et al., 2000), especially in the web domain (Paz et al., 

2015b). 

Beginning with a description of the objectives set for this study, this chapter defines the 

targeted website, then outlines the list of user tasks, the people involved in the experiment, 

and an explanation of the procedure. Following this, the results of the UEMs are examined 

in greater depth by means of data analysis, including an examination of each method’s 

performance with regard to number of usability problems detected and their severity, 

satisfaction ratings, and time spent. Additionally, the relationship between sample size 
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and the number of problems detected is examined, along with the cost of the UEMs. 

Statistical analysis is also used to detect differences between the results obtained. Finally, 

the experimental findings are discussed as a whole, and a conclusion presented. 

4.2 Experimental Objectives  

Chapter three, the research methodology chapter, described a number of experiments that 

were considered necessary to reach the intended research objectives. The first experiment 

aimed to examines the extent to which the proposed user session types, Heuristic 

Evaluation based on a User Exploration Session (UES-HE) and Heuristic Evaluation 

based on a User Review Session (URS-HE), impact HE results. Three key objectives were 

established for this experiment. First, this experiment attempted to determine the effect 

of different user session types on HE results. This objective was achieved by investigating 

the performance of four methods (UES-HE, URS-HE, HE, and UT) in terms of the 

number of real usability problems, reliability, satisfaction rating, time spent, and a set of 

other measures used for usability evaluation. Second, it aimed to conduct a more thorough 

examination of how the number of evaluators and users in a usability study impacts the 

results. Finally, it aimed to establish whether there were any relationships amongst the 

usability measures employed. 

4.3 The targeted websites 

In the course of selecting the targeted website, it was important to eliminate static 

websites and commercial websites; this was necessary, as the former lack the required 

features for the study and the latter deal with transactions, which was not an intended 

outcome. The process of choosing this website was subject to numerous conditions and 

requirements, and the choice of this website was thus made on the basis of numerous 

criteria: 

• the website had to be a public website targeting a wide range of users. 

• the website had to be free and available to everyone. 

• the website needed to be a dynamic website, with numerous interactive features 

and functions. 

• the website needed to be a live dynamic website. 

• the website needed to be of a size suitable for an in-depth assessment of usability. 

• participants of the study were required to not be aware of the specific features of 

the website to prevent use of knowledge from previous use of the website 

interface. Where the specified website is familiar to participants, preconceptions 

regarding the type of problem encountered may emerge, and true usability 

problems are thus not revealed (Sova and Nielsen, 2003). 

• the website had to contain some usability issues so that the participants would be 

confronted with problems during website testing and evaluation. 
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The website “Saudi Events” (http://www.saudievents.sa) was thus chosen for the 

assessment due to its interactivity level and the fact that offers dynamic choices to a wide 

range of users.  

4.4 Participants and tasks 

In order to assess the practical application of the methods proposed in this thesis, a 

number of users and evaluators were recruited. These participants were selected 

specifically in line with some requirements described in Section 3.4.8.1.1 and Section 

3.4.8.1.2. 

Users were tested by being asked to perform a number of tasks directly related to the 

website under evaluation; these tasks are designed to mirror those that users would usually 

perform during the normal course of their interaction with the website. In this study, the 

five recommendations outlined by Sauro (2010) acted as the basis for determining task 

quality, as mentioned in Section 3.4.6.2. The first experiment, which relates to the ideal 

website, involved users carrying out five main tasks, which are broken down into 15 

separate steps (as in Appendix D). As previously mentioned in Section 3.4.6.1, the list of 

tasks were discussed and formulated during the context meeting and reflect all the 

principal applications of the website under evaluation; including displaying of records, 

search, participation and refining feature. 

4.5 Experimental Procedure 

The UEMs underwent several experimental procedures. The researcher greeted the 

participants at the laboratory, and attempted to help them feel relaxed, offering a brief 

introduction to the process and letting them know that they were invited to evaluate a 

website. As mentioned in Section 3.4.5, it is essential for the researcher to make 

participants aware of their rights to withdraw from the experiment or pause it whenever 

they want, thus ensuring that participation is fully voluntary, and uncoerced. Each 

participant was therefore requested to read and sign a consent form as shown in Appendix 

A. Following this, participants were asked for some demographic information, including 

gender, age, and Internet use ability (see Appendix B). This data was provided before the 

participants were present for the experiment, but this stage was required to facilitate a 

formal submission of the information. Users in the UT method performed testing sessions 

as described in Section 3.4.8.1.2. For the other UEMs, the participants conducted 

evaluation sessions as described in Section 3.4.8.1.1. After the participants finished their 

testing/evaluation sessions, they completed post-test questionnaires in order to offer 

feedback on the evaluated website. Then, the evaluators for all UEMs except the UT 

method conducted debriefing sessions in order to create a unified list of usability 

problems. In the final stage, the researcher thanked participants and distributed the 

incentives for their participation; some participants did not require incentives and 

participated for free. 
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4.6 Experimental data analysis 

This section reports on the data analysis, which is the most important part of the 

experiment. All results analysed were achieved after the application of the UEMs, namely 

UES-HE, URS-HE, HE, and UT. The first stage offers a detailed description of UT 

results. This is followed by a detailed explanation of the results obtained by applying 

UES-HE, URS-HE, and HE methods. Finally, all outcomes are compared with regard to 

the performance of the UEMs, the statistical tests, and sample sizes. 

4.7 UT data analysis 

4.7.1 Users’ profiles 

The first experiment is detailed in Table 4.1, with the frequency distribution of the user 

profiles being shown. According to the information provided by the context meeting, the 

majority of the users (70%) fell into the age range 18-29 years old and all of them (100%) 

had experience of using the Internet in excess of three years. As regards the level of 

education achieved, 60% of users were educated to bachelor’s degree level, while the 

remaining 40% were educated to a lower level. Meanwhile, with respect to the targeted 

study website, none of the users had experience of working with that website. 

Demographic Category Frequency Percentage 

Age group 

18- 29 14 70.00% 

30 - 39 4 20.00% 

40 - 49 1 5.00% 

Over 49 1 5.00% 

Qualification level 
1: Below Bachelor 8 40.00% 

2: Bachelor 12 60.00% 

Years using the Internet 

1: Less than 1 year  0 0.00% 

2: From 1 to 3 years  0 0.00% 

3: More than 3 years  20 100.00% 

Table 4.1: Summary of respondents’ demographic data for UT 

4.7.2 Time spent 

The metric of task time was used for measurement of the time spent by the participants 

in UT method on accomplishment of all user tasks, not taking into consideration the extent 

to which task completion was successful (Albert and Tullis, 2013). This section presents 

the amount of time the users spent on the tasks in the first experiment. Table 4.2 indicates 

the total amount of time spent by all of the involved participants on all of the tasks, the 
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average time needed for the accomplishment of the tasks and the average time spent by 

each user. Thus, in the case of the UT method, the total amount of time spent on task 

completion was 590 minutes, with each participant spending, on average, about 6 minutes 

on each task. Meanwhile, in relation to the number of identified usability issues over the 

period of time spent for performing this method, the efficiency formula was applied. The 

efficiency score that was thus obtained was 0.07, as shown in Table 4.3. To determine the 

efficiency of each method, the obtained result and the results of UES-HE, URS-HE and 

HE will be subsequently compared. Moreover, to determine whether the time spent and 

the number of identified usability problems were potentially correlated, statistical 

analysis was deployed, as presented in Section 4.7.3. The number of usability problems 

discovered is discussed in the following section. 

Usability measure UT 

Total time spent by all users (in 

minutes) 
590 

 Average time per user per task 5.9 

 Average time per user 29.5 

Table 4.2: Time taken by participants in UT in the first experiment 

Usability measure UT 

 Efficiency 0.07 

Table 4.3: Efficiency score for UT in the first experiment 

4.7.3 Number of usability problems discovered 

It is worth mentioning that all usability problems identified by the UT method are 

considered to be real problems because they are derived directly from the user. In 

addition, these problems help to confirm the real problems that are discovered by using 

other UEMs, such as UES-HE, URS-HE and HE methods. Therefore, since it serves as 

the basis for comparison with other UEMs, the UT method has been described by Hartson 

et al. (2003) as a gold standard. The most essential measures of UEMs are the number of 

usability issues and their severity (Albert and Tullis, 2013). Thus, the analysis of this 

section focuses on the number of usability problems and their severity, as rated by the UT 

method. A list of UT method problems was collated by unifying all the problems detected 

by all users and making sure to remove any duplicate problems, as mentioned in Section 

3.4.8.4. Table 4.4 provides explanations of the total number of usability issues revealed 

by UT and the rating of their severity. This method discovered 43 usability problems in 

the list of problems and all of them were coded as “real problems.”  

With regard to the severity rating of the usability problems, Table 4.4 provides the number 

of cosmetic, minor, major, and catastrophic usability problems. The UT method tended 

to find a larger number of major problems (37.2%; 16 out of a total of 43 problems) 

compared to the other types of problems on the list, so its results are interesting. It found 

approximately one quarter of the catastrophic problems on the list, i.e., the percentage of 
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cosmetic and minor problems was 23.3% and 25.6%, respectively, whereas the proportion 

of catastrophic problems was 14%. Statistical examination is needed for the following 

question on the basis of the obtained findings. It is necessary to clarify whether there is 

any relation between the identified issues and the amount of time spent on the UT method. 

The calculation was done by applying Pearson Correlation, as noted in Section 3.6.3.1. 

Table 4.24 indicates that the p-value was 0.000, so less than 0.05. As can be seen in this 

table, the value of Pearson Correlation (r) was close to 1 (0.870), meaning that there was 

a strong positive relationship between time spent by user and the number of usability 

problems discovered. This result means that the user who spent more time on the 

evaluation could come across more usability problems.  

  UT method 

1: Cosmetic 10 23.3% 

2: Minor 11 25.6% 

3: Major 16 37.2% 

4: Catastrophic 6 14% 

Total real problems 43 100% 

Table 4.4. Usability problems and severity rating by UT method 

  Total Time & Total Problems 

Pearson Correlation 0.870 

Sig. (2-tailed) 0.000 

Table 4.5: Pearson Correlation 

4.7.4 User Satisfaction 

Satisfaction indicates how pleased users are with a system and can be measured using the 

seven-point scale proposed by Nielsen and Loranger (2006), with 1 and 7 denoting the 

lowest and highest levels of satisfaction respectively. This scale is useful because it 

affords the researcher an insight into users’ perspectives of their experience with the 

website in question. Table 4.6 depicts the number of users who participated in the 

questionnaire, using the UT satisfaction scale method to answer questions. The average 

satisfaction score of the targeted website was 3.9, while 4.7 represents the average score 

of  satisfaction rating (Nielsen and Loranger, 2006). Thus, it can be concluded that the 

participants found the system unusable. As with Table 4.6, the answers given by the users 

to the satisfaction question demonstrate that the majority agree with the negative 

arguments rather than the positive ones. Negative experiences were reported by 45% of 

the users, with 30% of the participants rating it as ‘Poor’, 10% as ‘Awful’, and 5% as 

‘Worst Imaginable’, while 15% of the users regarded their website experience as ‘Good’ 

and 20% ‘Excellent’, but there were no users’ responses of ‘Best Imaginable’. 

Furthermore, 20% of users selected ‘OK’ element. These results are an indication of the 

users’ dissatisfaction with their experience of testing the website. Overall, the users 



Chapter 4 : The Impact of Different User Sessions Design on the Heuristic Evaluation 

101 

demonstrated a low satisfaction level regarding the evaluated website. Therefore, 

improvements made to the website are necessary. 

  Frequency 
Frequency 

 Percentage 

1. Worst Imaginable 1 5.00% 

2. Awful 2 10.00% 

3. Poor 6 30.00% 

4. OK 4 20.00% 

5. Good 3 15.00% 

6. Excellent 4 20.00% 

7. Best Imaginable 0 0.00% 

Total 20 100.00% 

Average Negative (Worst Imaginable, Awful and Poor) 9 45.00% 

OK 4 20.00% 

Average Positive (Good, Excellent and Best Imaginable) 7 35.00% 

Table 4.6: Average percentage of overall users’ judgment on the website regarding the positive 

and negative items 

4.8 UES-HE, URS-HE and HE data analysis 

4.8.1 Evaluators’ and users’ profiles 

All non-expert evaluators in all three experiments had a good background in the computer 

field, being recruited from among students in the computer field who had completed two 

years at undergraduate level (see Section 3.4.8.1.1). They all shared the same 

characteristics in terms of age and Internet use experience, being between 18 and 29 years 

of age and having experience of using the Internet of more than three years. Regarding 

users’ profiles, Table 4.7 and Table 4.8 present the distribution of the users’ frequency 

for the first experiment along with their age, education and experience. The researcher 

made an attempt to ensure allocation of users to the different methods of UES-HE and 

URS-HE evenly. The users selected for the UES-HE method were in the age range 18-49 

years old, with 50% being no older than 29 years of age, 37.50% being between 30 and 

39 years of age and 12.50% being older than 39 years of age. Regarding the level of 

education, 50% of participants were educated to bachelor’s degree level, 37.50% were 

educated to a lower level and 12.50% had achieved a higher diploma degree. Regarding 

the experience of Internet use, most of the users (87.50%) had experience in excess of 

three years, while the rest of 12.50% had experience of using the Internet of between one 

and three years. The users selected for the URS-HE method were in the same age range 

as those selected for the UES-HE method and were similar in terms of educational level 

and experience. 
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Demographic Category Frequency Percentage 

Age group 

18- 29 4 50.00% 

30 - 39 3 37.50% 

40 - 49 1 12.50% 

Over 49 0 0.00% 

 Qualification Level 

  

Below Bachelor 3 37.50% 

Bachelor 4 50.00% 

Higher Diploma 1 12.50% 

Years using the Internet 

1: Less than 1 year  0 0.00% 

2: From 1 to 3 years  1 12.50% 

3: More than 3 years  7 87.50% 

Table 4.7: Summary of respondents’ demographic data for user session in (UES-HE) 

Demographic Category Frequency Percentage 

Age group 

18- 29 4 50.00% 

30 - 39 3 37.50% 

40 - 49 1 12.50% 

Over 49 0 0.00% 

 Qualification Level 
Below Bachelor 3 37.50% 

Bachelor 5 62.50% 

Years using the Internet 

1: Less than 1 year  0 0.00% 

2: From 1 to 3 years  0 0.00% 

3: More than 3 years  8 100.00% 

Table 4.8: Summary of respondents’ demographic data for user session in (URS-HE) 

4.8.2 Time spent 

Calculation of the time spent for the first experiment was done as the time spent by the 

evaluator on completion of the evaluation sessions (see Table 4.9). The UES-HE method 

required the longest overall time (589 minutes), while the HE method required the 

shortest time (284 minutes). The URS-HE method was intermediate between the latter 

two methods in terms of the overall time required for completion (453 minutes). As can 

be seen in Table 4.10, evaluation of the UES-HE method required an average time of 

36.81 minutes, with standard deviation of 6.274. Evaluation of the URS-HE method 

required an average of 28.31 minutes, with 6.750 standard deviation, while evaluation of 

the HE method required an average of 17.75 minutes, with 3.416 standard deviation.  
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The above results raised two questions. One question was related to whether there was a 

significant difference between the times spent by UES-HE, URS-HE and HE. To address 

this question, a normality test can be conducted. As mentioned in Section 3.6.3.1, 

“because of a small sample size, normality tests have little power to reject the null 

hypothesis that the data come from a normal distribution”. Therefore, small samples 

always pass normality tests” (Öztuna et al., 2006). Consequently, the assumption that was 

adopted was that the distribution of data was not normal. Thus, the Kruskal Wallis test 

with a 5% level (0.05) was conducted, as presented in Section 3.6.3.1. This test 

demonstrated that, in terms of time spent, it was highly likely for UES-HE, URS-HE and 

HE to differ significantly. This conclusion was derived based on a p-value of 0.000 (P < 

0.05), as shown in Table 4.10. The p-value was multiplied by 3 to attain a Bonferroni 

correction, resulting in a corrected p-value of 0.000 (P < 0.05). The Bonferroni correction 

was used alongside Dunn’s method to conduct pairwise comparisons with the purpose of 

determining which differences between the methods were significant, according to the 

procedure presented in Section 3.6.3.1. Post-hoc analysis test was carried out, revealing 

that the three UEMs (UES-HE, URS-HE and HE) differed significantly (see Table 4.12). 

The second question raised by the obtained results was related to the existence of a 

possible correlation between the time spent by the evaluators and the number of detected 

usability issues. To address this question, Pearson correlation test was conducted since it 

can reveal association between variables (Lazar et al., 2010) (see Section 3.6.3.1). The 

accepted guidelines for the interpretation of the values of the correlation coefficient (r) 

for estimation of the strength of correlation were outlined by Ratner (2009): 

• 0: no linear relationship 

• +1: perfect positive linear relationship 

• -1: perfect negative linear relationship 

• From 0 to 0.3: weak positive linear relationship 

• From 0 to −0.3: weak negative linear relationship 

• From 0.3 to 0.7: moderate positive linear relationship 

• From −0.3 to −0.7: moderate negative linear relationship 

• From 0.7 to 1.0: strong positive linear relationship 

• From −0.7 to −1.0: strong negative linear relationship 

The results demonstrated a strong positive relationship between the number of discovered 

problems and time spent, with p-value of 0.000 at the level 0.05 (see Table 4.13), 

statistically proving that the more time an evaluator spends, the higher the number of 

usability problems identified will be. The differences in the number of identified issues 

and time spent can be attributed to the fact that some methods allow evaluators to 

communicate with users through a so-called user session in order to understand their point 

of view regarding the target system. This approach helps evaluators to explore new 

usability problems, although more time must be allocated for such sessions. For example, 

the UES-HE method includes a user exploration session while the URS-HE method 

includes a user review session. On the other hand, the traditional method (HE) does not 

include any user session and therefore takes less time than the other methods, although 

fewer problems are identified, and this may be because the participants depend only on 
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their perception of the potential usability problems of the system, without any interaction 

with or understanding of the real system user. The efficiency metric was used for further 

analysis of the factors of the number of identified usability issues and the time spent. As 

can be seen in Table 4.11, URS-HE (efficiency = 0.09) was considered less effective than 

UES-HE (efficiency= 0.11) and HE (efficiency= 0.14). Despite finding the fewest 

problems, the HE method was established to have the highest efficiency, possibly due to 

the fact that it took less time to complete than the other methods, because it included a 

single session (actual evaluation session), not two like the rest of the methods (UES-HE: 

user exploration session and actual evaluation session, URS: actual evaluation session 

and user review session). The obtained result will be compared with the UT results at a 

later stage. 

Usability measure 
UES-

HE 

URS-

HE 
HE 

Exploration session (Time spent in minutes) 332 - - 

Actual evaluation session (Time spent in minutes) 257 289 284 

Review session (Time spent in minutes) - 164 - 

Total time spent by all evaluators (in minutes) 589 453 284 

Table 4.9: Time taken by participants in UES-HE, URS-HE and HE in the first experiment 

 Method Mean N Std. Deviation Sig. 

Time 

UES-HE 36.81 16 6.274 

0.000 URS-HE 28.31 16 6.750 

HE 17.75 16 3.416 

Note: “N” indicates the number of participants 

Table 4.10: Kruskal Wallis test on time spent for UES-HE, URS-HE and HE in the first 

experiment 

Usability measure UES-HE URS-HE HE 

Efficiency 0.11 0.09 0.14 

Table 4.11: Efficiency score for UES-HE, URS-HE and HE in the first experiment 

 Method 
Test 

statistic 
Std. error 

Std. test 

statistic 
Sig. Adj. Sig. 

Time 

UES-HE - HE 16.688 4.942 3.377 0.001 0.002 

URS-HE - HE 28.688 4.942 5.805 0.000 0.000 

UES-HE - URS-HE 12.000 4.942 2.428 0.015 0.046 

Table 4.12: Post-Hoc analysis with Bonferroni correction of time spent for UES-HE, URS-HE 

and HE in the first experiment 

 



Chapter 4 : The Impact of Different User Sessions Design on the Heuristic Evaluation 

105 

  Total Time & Total Problems 

Pearson Correlation 0. 851 

Sig. (2-tailed) 0.000 

Table 4.13: Pearson Correlation 

4.8.3 Number of usability problems discovered 

The most essential measures of UEMs are the number of usability issues and their severity 

(Albert and Tullis, 2013). Thus, the analysis of this section starts by presenting the 

number of usability problems of UES-HE, URS-HE and HE method, followed by the 

results of the overlapping and unique problems, which can help to determine whether one 

method would be able to identify an adequate number of usability problems on its own. 

A list of problems was collated by consolidating all the problems detected by all 

evaluators and making sure to remove any duplicate problems within each method and 

between UEMs, as mentioned in Section 3.4.8.4. 

Table 4.14 provides explanations regarding the total number of usability issues revealed 

by UEMs. However, any problems discovered by UES-HE, URS-HE and HE methods 

are coded as “predicted problems”. As advised in Section 2.4.3 and Section 3.4.6.6, these 

problems will be tested in terms of their realism later on, in Section 4.9.1. From Table 

4.14, it is possible to conclude that the use of different user session designs had a notable 

impact on HE in terms of the total number of usability issues that were detected. The total 

number of problems discovered by UES-HE and URS-HE was 75% and 52% of all 

available usability issues, respectively. On the other hand, 49% of all available usability 

issues were uncovered with the HE method, and the obtained result was consistent with 

previous findings, which confirmed that HE detected about 44% of usability issues 

(Desurvire et al., 1992a; Doubleday et al., 1997).  

Statistical examination is needed for the following question on the basis of the obtained 

findings. It is necessary to clarify whether there is a significant difference between the 

number of problems detected by UES-HE, URS-HE and HE. The answer to this question 

can be found with the help of the non-parametric test known as the Kruskal Wallis test. 

Thus, the Kruskal Wallis test with a significant level of 5% (0.05) was applied, 

demonstrating that it was very likely for a significant difference to exist between UES-

HE, URS-HE and HE in terms of the identified usability issues. This conclusion was 

reached on the basis of p-value = 0.000 (P < 0.05) (see Table 4.15). To achieve a 

Bonferroni correction, the p-value was multiplied by 3, achieving a corrected p-value of 

0.000 (P < 0.05). Afterwards, pairwise comparisons were performed using Dunn’s 

method with a Bonferroni correction in order to decide which differences between 

methods were significant according to the procedure presented in Section 3.6.3.1. As 

shown in Table 4.12, the post-hoc analysis indicated that there was a significant difference 

between UES-HE and URS-HE and between UES-HE and HE. On the other hand, there 

was no significant difference between URS-HE and HE and this indicates that the impact 
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of the user review session on the HE method was not the same as the user's exploration 

session.  

From the above, it can be noted that, apart from three participants, all other participants 

in the UES-HE method discovered more problems than the maximum problems detected 

by any participant in both the URS-HE and HE methods. This may be explained in terms 

of the fact that the user exploration session played an important role in the HE method, 

because the primary aim of such a session is to explore the point of view of the user and 

the evaluator regarding the target website. On the other hand, there was not much 

difference in the performance of URS-HE evaluators compared to the HE method. This 

may be explained by the fact that a user review session did not have a significant impact 

on HE. However, the result differences between URS-HE and HE may not be the same 

after determining the realism of usability problems, as mentioned in Section 4.9.2.2, 

because it will take into account both the real problems and false positive problems that 

may show a different impact of the user review session. In addition, it is noted from Table 

4.14 that no participant in any method was able to detect more than 30% of the total 

problems of that method. This is consistent with the finding obtained by Nielsen (1995a), 

who analysed six projects and concluded that the detection capability of one participant 

was about 35%. In general, the obtained results demonstrate the difference between the 

performances of the UEMs in detecting usability issues on the same website. This effect 

is known as the ‘method effect’. Thus, UES-HE outperformed the other two methods as 

it revealed more usability issues. 
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UES-HE method URS-HE method HE method 

Participants No. 

No. of  

 problems 

revealed by  

each participant 

% of  

 problems 

revealed by  

each participant 

Participants No. 

No. of  

 Problems 

revealed by  

each participant 

% of  

 Problems 

revealed by  

each participant 

Participants No. 

No. of  

 problems 

revealed by  

each participant 

% of  

 problems 

revealed by  

each participant 

Evaluator 1 13 21% Evaluator 1 6 14% Evaluator 1 7 17% 

Evaluator 2 11 18% Evaluator 2 10 23% Evaluator 2 7 17% 

Evaluator 3 9 15% Evaluator 3 8 19% Evaluator 3 8 20% 

Evaluator 4 13 21% Evaluator 4 7 16% Evaluator 4 8 20% 

Evaluator 5 12 19% Evaluator 5 7 16% Evaluator 5 8 20% 

Evaluator 6 13 21% Evaluator 6 8 19% Evaluator 6 8 20% 

Evaluator 7 12 19% Evaluator 7 7 16% Evaluator 7 6 15% 

Evaluator 8 17 27% Evaluator 8 5 12% Evaluator 8 4 10% 

Evaluator 9 12 19% Evaluator 9 9 21% Evaluator 9 6 15% 

Evaluator 10 12 19% Evaluator 10 6 14% Evaluator 10 9 22% 

Evaluator 11 15 24% Evaluator 11 7 16% Evaluator 11 3 7% 

Evaluator 12 12 19% Evaluator 12 4 9% Evaluator 12 7 17% 

Evaluator 13 5 8% Evaluator 13 7 16% Evaluator 13 4 10% 

Evaluator 14 7 11% Evaluator 14 6 14% Evaluator 14 5 12% 

Evaluator 15 14 23% Evaluator 15 5 12% Evaluator 15 6 15% 
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Evaluator 16 10 16% Evaluator 16 5 12% Evaluator 16 4 10% 

No. of problems 

revealed 

 by UES-HE 

method 

62 

No. of problems 

revealed 

 by URS-HE 

method 

43 

No. of problems 

revealed 

 by HE method 

41 

% of problems 

revealed 

 by UES-HE 

method 

75% 

% of problems 

revealed 

 by URS-HE 

method 

52% 

% of problems 

revealed 

 by HE method 

49% 

Table 4.14: Number and percentage of problems discovered by UES-HE, URS-HE and HE method in the first experiment 
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Method Mean N Std. 
Deviation Sig. 

UES-HE 11.69 16 2.915 

0.000 URS-HE 6.69 16 1.580 

HE 6.25 16 1.807 

Note: “N” indicates the number of participants 

Table 4.15: Kruskal Wallis test on number of problems detected by UES-HE, URS-HE and HE 
in the first experiment 

Method Test statistic Std. error Std. test statistic Sig. Adj. Sig. 

UES-HE - HE 21.094 4.916 4.291 0.000 0.000 

URS-HE - HE 1.781 4.916 0.362 0.717 1.000 

UES-HE - URS-HE 19.312 4.916 3.928 0.000 0.000 

Table 4.16: Post-hoc analysis with Bonferroni correction of number of problems detected by 
UES-HE, URS-HE and HE in the first experiment 

After the duplicate usability issues were removed (consolidation of usability issues), the 
UEMs were compared in terms of detection of overlapping and unique usability issues 
for further analysis. Consolidation of usability issues discovered by three UEMs revealed 
63 duplicates from the total number of 146 usability problems. Thus, the total number of 
unique usability problems identified by the three UEMs after removal of the duplicate 
issues was 83 usability issues. In other words, the overall number of unique issues 
identified in the target website was 83. UES-HE managed to reveal 62 (75%) of them, 
while URS-HE and HE managed to identify 43 (52%) and 41 (49%), respectively (see 
Table 4.14). Figure 4.1 illustrates the overlapping and unique problems identified by all 
UEMs. Regarding unique problems, the UES-HE method found more unique problems 
than the other methods, with 23% of the problems not found by the other methods (19 of 
the total number of problems). Following this, the URS-HE and HE methods both found 
a similar number of unique problems of between 11% and 13%, respectively (9 and 11 of 
the total number of problems) (see Figure 4.1). Regarding the use of more than one 
method, Figure 4.1 also illustrates that the use of UES-HE with HE methods obtained 
superior results (89%; 74 of a total of 83 problems). Moreover, using both the UES-HE 
and URS-HE methods led to the identification of 87% of problems (72 of a total of 83 
problems). Using the URS-HE and HE methods also yielded optimal results (77%; 64 out 
of a total of 83 problems). In summary, it can be argued that using UES-HE in 
combination with URS-HE or HE yielded more optimal results. In addition, combining 
the URS-HE method with HE method could lead to the identification of an adequate 
number of usability problems. Therefore, these results support the recommendation that 
using more than one UEM offers improved results and confirm that no single method can 
identify the most number of usability problems on its own. 
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Overlapping and unique problems between (UES-
HE) and (HE) 

Overlapping and unique problems between 
(URS-HE) and (HE) 

  

Overlapping and unique problems between (UES-
HE) and (URS-HE) 

Overlapping and unique problems between all 
UEMs 

  

Figure 4.1: Venn diagrams of the overlapping and unique problems found by each UEM 

4.8.4 Evaluators’ Satisfaction 
This section overviews the items of satisfaction measurement in the questionnaires 
provided following the evaluation sessions. The data regarding how the evaluators were 
satisfied with the targeted website usability was collected by the researcher. This 
questionnaire is a measurement of the System Usability Scale (SUS). The SUS aims to 
clarify the feelings of the evaluators in each of UEMs concerning the level of usability of 
the targeted website. This was conducted by asking the evaluators to complete the SUS 
questionnaire after the evaluation sessions and prior to the debriefing session. This 
questionnaire is a 10-question simple questionnaire (see Appendix C) to be answered on 
the basis of the 5-point Likert scale, in which 5 indicates strong agreement and 1 denotes 
strong disagreement (Brooke, 1996). It is popular in the industry since it is a reliable 
measurement tool applied to measure a products usability. However, the significance of 
the individual item scores is relatively immaterial; instead, those scores are amalgamated 
to yield a single score that provides a compound measurement of the overall system 
usability. The contribution score for each question ranges from 0 to 4. The calculation of 
the contribution scale for odd-numbered questions (number 1, 3, 5, 7 and 9) is done via 
subtracting 1 from the Likert scale rating of the participant, and these represent the 
positive elements. The calculation of the contribution scale for even-numbered questions 
(number 2, 4, 6, 8 and 10) is done via subtracting the Likert scale rating of the participant 
from 5, and these represent the negative elements. The overall SUS score is obtained 
when the contribution scores are added and multiplied by 2.5. The range of SUS scores 
is from 0 to 100, where the higher a score is signifies the greater the satisfaction level of 
the evaluator (Brooke, 1996). Furthermore, the grading scale put forth by Bangor et al. 
(2009) led to the following classification of SUS scores: F = scores lower than 60, D = 
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60-69, C = 70-79, B = 80-89, and A = scores of 90 or higher (see Figure 3.7). Excel was 
used to calculate the SUS scores for multiple participants of the study. As the SUS is 
widely employed in usability studies, there was extensive research conducted by Sauro 
(2011) which gave a review of the available research on SUS and subsequent analysis of 
the data collected with approximately 500 evaluations from more than 5,000 users. It was 
stated from the collected data that the perceived reliability has a valid and reliable 
measure of SUS. Moreover, the performance is robust and even exceeds that of the home-
grown internal and commercial questionnaires. In this thesis, the System Usability Scale 
(SUS) was used for UES-HE, URS-HE and HE as the basis for a questionnaire. However, 
this thesis required a slight modification of a standard SUS questionnaire, and the term 
“system” was replaced with the term “website” (e.g. ‘I thought the website was easy to 
use’). This questionnaire was administered to the evaluators following the conclusion of 
the evaluation sessions. 

Table 4.17 presents the average percentage of all evaluators’ responses regarding the 
satisfaction with the usability of the targeted website. The results of the satisfaction 
questionnaire of this study clearly show that UES-HE demonstrates the second highest 
average of the satisfaction score, at 46.09; however, the number of usability issues 
detected by UES-HE was the highest (see Table 4.14). The results also show that URS-
HE demonstrates the higher average of the satisfaction score, at 54.84; however, the 
number of usability problems detected by URS-HE was ranked the second highest among 
the rest of the other methods (see Table 4.14). The HE method provided a lower 
performance with the number of problems detected as well as in terms of the level of 
satisfaction with the targeted website, at 41.72. These results show that the level of the 
evaluators’ satisfaction with the website is unaffected by the amount of discovered 
usability issues. The number of evaluators who provided answers to each SUS item of 
every method is presented in Appendix H. Overall, the average SUS score of the targeted 
website was 47.55 (see Table 4.17), while the average SUS score is 68 (Thomas, 2015), 
thus being graded as ‘F’ (Bangor et al., 2009); thereby indicating that there should be 
improvements made to the website. 

 UES-HE URS-HE HE The overall average of SUS score 

Average of SUS 46.09 54.84 41.72 47.55 

Table 4.17: The average percentages of overall evaluators’ satisfaction with the usability of the 
targeted website 

The usability of products such as websites can be successfully evaluated via the SUS 
questionnaire; however, the conversion of the numeric score into a final interpretation of 
usability requires further elucidation. Thus, to facilitate interpretation of the numeric 
value of the SUS score and make the results understandable to non-human factors 
professionals, the SUS score was enhanced by Bangor et al. (2009) through the 
introduction of an adjective rating scale. To the ten SUS items, an additional item, user-
friendliness, was added by Bangor et al. (2009), who also proposed a one to seven scale, 
with 1 and 7 respectively denoting dissatisfaction and high satisfaction (See Figure 3.8). 
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This approach has also been adopted in the present study. The number of evaluators who 
provided the answers to every adjective rating scale item of every method is presented in 
Appendix H. Table 4.18 presents the average percentage of all evaluators’ responses 
regarding the satisfaction in term of positive and negative items. It can be concluded that 
the percentage of 6.25% that UES-HE obtained in terms of positive responses (Good + 
Excellent + Best imaginable) was lower as contrasted to negative responses of UES-HE 
(68.75%). In addition, the percentage of satisfaction from the positive responses is lower 
than negative responses for URS-HE and HE (see Table 4.18). These results indicate that 
the percentage of satisfaction from the positive responses is lower than negative responses 
for all UEMs. The majority of the evaluators did not report high levels of satisfaction with 
the degree of usability of the website. Hence, none of the three UEMs found the website 
usable. The evaluators’ opinions about their satisfaction level and overall feeling towards 
the website in question remain consistent whether from the responses provided for the 
adjective rating for the SUS score (see Table 4.17) or the SUS questionnaire (see Table 
4.18). For instance, more than 50 % of responses that the evaluators provided were 
negative (Table 4.18) in all UEMs. Moreover, the average SUS score of the targeted 
website was 47.55 (see Table 4.17), while the average SUS score was 68. Both the SUS 
score and the adjective rating for the SUS score are an indication of the dissatisfaction of 
the evaluators with their experience of testing website. It can be concluded that overall, 
the users demonstrated a low satisfaction level towards the evaluated website. 

 UES-HE URS-HE HE 

Average negative (Worst imaginable + Awful + Poor) 68.75% 62.50% 56.25% 

OK 25.00% 25.00% 31.25% 

Average positive (Good + Excellent + Best imaginable) 6.25% 12.50% 12.50% 

Table 4.18: Overall Adjective Rating for SUS Score 

4.8.5 Categories of usability problems 
Comparison between UEMs based on heuristics of usability (UES-HE, URS-HE and HE) 
was done via qualitative assessment in terms of the category of heuristics of the detected 
usability problems in this study. These heuristics are Nielsen's heuristics, which consist 
of ten categories, as mentioned in Section 2.3.4.3.1. Those specified categories can 
facilitate the evaluation of the performance exhibited by each UEM through a procedure 
of matching the identified usability problems to the HE categories of heuristics (Nielsen, 
1994a). Furthermore, it contributes to the comparison between the results identified in 
this study and those from the previous studies. The role of the independent evaluators was 
to determine the categories for the problems after the usability problems were approved 
by evaluators. Problems that were difficult to relate to one of the ten heuristics were 
placed in a new category called ‘Unclassified problems’ (Chattratichart and Lindgaard, 
2008). Table 4.19 shows the categories of usability problems identified by independent 
evaluators for each UEM. 
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According to the results from Table 4.19, the comparison of UEMs revealed that UES-
HE was more effective as there were more usability problems related to the heuristics as 
contrasted to URS-HE and HE in almost all categories, including ‘Aesthetic and 
minimalist design’, ‘Flexibility and efficiency of use’, ‘Consistency and standards’, 
‘Recognition rather than recall’, ‘Error prevention’, ‘Unclassified problems’ and ‘User 
control and freedom’. Nevertheless, the efficiency of four out of the ten URS-HE 
heuristics was higher, while the other heuristics demonstrated failure in exposing a 
sufficient number of usability problems. Regarding the HE method, the efficiency of two 
out of the ten HE heuristics was higher, while the other heuristics demonstrated failure in 
exposing a sufficient number of usability problems. The common weaknesses of dynamic 
website in the three UEMs are presented in Table 4.19 as ‘Aesthetic and minimalist 
design’, ‘Consistency and standards’ and ‘Flexibility and efficiency of use’. The 
‘Aesthetic and minimalist design’ category was consistent with some previous studies 
such as Choi and Bakken (2010), Boskovic and Borovina (2013) and Kostaras and Xenos 
(2007), while ‘Consistency and standards’ category was consistent with some previous 
studies such as Díaz et al. (2017), Choi and Bakken (2010), Quiñones et al. (2014), 
Boskovic and Borovina (2013) and Kostaras and Xenos (2007). In contrast, the categories 
with the fewest violations were ‘Help and documentation’, ‘Help users recognise, 
diagnose, and recover from errors’ and ‘User control and freedom’. The first category 
(Help and documentation) was consistent with  Díaz et al. (2017), Quiñones et al. (2014), 
Boskovic and Borovina (2013) and Kostaras and Xenos (2007), while the second category 
(Help users recognise, diagnose, and recover from errors) was consistent with Choi and 
Bakken (2010), Boskovic and Borovina (2013) and Kostaras and Xenos (2007). 
According to Kostaras and Xenos (2007), one of the common weaknesses of dynamic 
websites is the area of ‘Error prevention’, and the above assumption contrasts this idea. 
In general, these results indicate that the HE method cannot cover all usability categories 
compared to the rest of the UEMs and this is consistent with Alsumait and Al-Osaimi 
(2010). By contrast, HE methods that relied on a user session showed some improvement 
in their performance in terms of coverage of usability problem categories. 

 Heuristics UES-HE URS-HE HE Total 

1. Visibility of system status 2 2 1 2 

2. Match between system and the real world 2 2 2 2 

3. User control and freedom 1 0 0 1 

4. Consistency and standards 10 11 1 14 

5. Error prevention 5 2 2 5 

6. Recognition rather than recall 8 6 3 11 

7. Flexibility and efficiency of use 10 8 6 14 

8. Aesthetic and minimalist design 24 17 12 29 

9. Help users recognise, diagnose, and recover from errors 1 1 0 1 

10. Help and documentation 0 0 0 0 
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Unclassified problems 3 1 2 4 

Total problems without repetition 50 36 24 64 

Table 4.19: The categories of usability problems on the basis of heuristics of usability 

4.9 Comparative analysis 

This part offers a comparison across the UEMs through an in-depth analysis, but this 
comparison must be based on the real usability problems. However, identification of 
problem sets from certain UEMs can have particular risks; for instance, usability 
inspection methods that represent the subjective judgments of the evaluator can produce 
problems that cannot be referred to as actual problems in the use context of real work. 
Therefore, it is important to present the results of realness of usability problems before 
starting to compare UEMs as follows: 

4.9.1 Specifying realness of the usability issues 
All the issues identified by observers using the UT method were real problems because 
the process was driven by users, as mentioned in Section 2.4.3. In contrast, all usability 
issues detected by evaluators during the process of UES-HE, URS-HE, or HE methods 
were predicted problems because they were produced based on the evaluator’s experience 
and represented the subjective judgments of the evaluator. Therefore, some of the 
predicted problems were coded as “false positives” because they did not pose any 
hindrance to users during real usage. These kinds of problems should eventually be 
removed from the final list of usability problems. Thus, the realness of a usability problem 
becomes more critical with methods that depend on the subjective judgments of the 
evaluator. Expert review and judgment are one of the techniques that can be employed to 
determine the realness of a usability problem; in other words, to decide whether or not it 
is a real or false problem (Hartson et al., 2003). Accordingly, this role was adopted by 
two independent evaluators depending on their experience, as mentioned in Section 
3.4.6.6). However, the comparison between the problems exposed by UES-HE, URS-HE 
and HE with UT method conducted before determining the realness of usability issues 
showed that the UT method confirmed 21 issues from the UES-HE method, proving that 
those issues were real usability problems (see Table 4.20). In addition, UT confirmed 13 
issues from URS-HE and six problems from HE, proving that those issues were real 
usability problems as well. Meanwhile, for the rest of the usability issues that UT did not 
confirm, their realness was determined by two independent experts (see Table 4.20). 
According to the results of determining the realness of usability issues, there were 29 
issues from the UES-HE method confirmed as real usability problems, while the number 
of false positives was 12. In addition, there were 23 issues from the URS-HE method 
confirmed as real usability problems, while the number of false positives was 7. 
Moreover, HE identified 18 usability issues that were confirmed to be real usability 
problems, while the number of false positives was 17.  
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	 UES-HE	 URS-HE	 HE	
Usability	issues	confirmed	as	real	problems	by	UT	method	 21	 13	 6	
Usability	issues	confirmed	as	real	problems	by	determining	
the	realness	 29	 23	 18	
Usability	issues	confirmed	as	false	positives	problems	by	
determining	the	realness	 12	 7	 17	

Table 4.20: Specifying realness of the usability issues in the first experiment 

4.9.2 Performance of UEMs 

4.9.2.1 Time spent 
Table 4.21 presents the time spent for completion of the UEMs in the first experiment. 
Thus, it can be seen that UES-HE had the highest average score of time spent (36.81 
minutes), followed by UT (29.5 minutes), URS-HE (28.31 minutes), and HE (17.75 
minutes). The key statistical question is related to whether there was a significant 
difference between the performances of UEMs in terms of time spent. Prior to the test 
performance, selection of the required test was done depending on the claim that the size 
of the sample in each UEM was less than 30 participants and therefore the normal 
distribution test of the data could be exceeded, as mentioned in Section 3.6.3.1. Therefore, 
the data distribution was not normal. Consequently, the Kruskal-Wallis test was selected 
at a significance level of 5% for the identification of significant differences, if any, among 
the different methods in terms of time spent. According to the findings in Table 4.22 and 
the conclusions derived from the Kruskal-Wallis test, it is likely that there were 
significant differences between the results obtained through the different methods, with 
p < 0.001. Dunn’s method with a Bonferroni correction was subsequently applied to 
perform pairwise comparisons with the purpose of determining which differences 
between the methods were significant, according to the procedure presented in Section 
3.6.3.1. Thus, the post-hoc analysis test (see Table 4.23) indicated that there was 
significant difference among all UEMs except the URS-HE with UT and UES-HE with 
UT, with p-value of 1.000 and 0.116, respectively. An additional statistical question is 
related to whether there was any relationship between the time spent by participants and 
the number of detected usability issues. To address this question, the Pearson correlation 
test was conducted, revealing a strong positive correlation between the time spent and 
identified usability issues, with p-value < 0.05 (p = 0.000) (see Table 4.24). This result 
provided statistical indicate that the longer the time spent, the more usability issues an 
evaluator could find. 
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Usability measure UES-HE URS-HE HE UT 

Exploration session (Time spent) 332 - - - 

Actual evaluation session or user testing session (Time spent) 257 289 284 590 

Review session (Time spent) - 164 - - 

Total time spent by all evaluators (in minutes) 589 453 284 590 

 Average time per evaluators 36.81 28.31 17.75 29.5 

Table 4.21: Time taken by participants in UES-HE, URS-HE, HE and UT in the first 
experiment 

 Method Mean N Std. Deviation Sig. 

Time 

UES-HE 36.81 16 6.274 

0.000 
URS-HE 28.31 16 6.750 

HE 17.75 16 3.416 

UT 29.5 20 5.277 

Note: “N” indicates the number of participants 

Table 4.22: Kruskal Wallis test on time spent for UES-HE, URS-HE and HE in the first 
experiment 

 Method Test statistic Std. error Std. test statistic Sig. Adj. Sig. 

Time 

UES-HE - HE 24.594 6.984 3.521 0.000 0.003 

HE - UT -24.869 6.626 -4.357 0.000 0.000 

UES-HE - HE 44.375 6.984 6.354 0.000 0.000 

URS-HE - UT -4.275 6.626 -0.645 0.519 1.000 

UES-HE - URS-HE 19.781 6.984 2.832 0.005 0.028 

UES-HE - UT 15.506 6.626 2.340 0.019 0.116 

Table 4.23: Post-Hoc analysis with Bonferroni correction of time spent for UES-HE, URS-HE 
and HE in the first experiment 

  Total Time & Total Problems 

Pearson Correlation 0.734 

Sig. (2-tailed) 0.000 

Table 4.24: Pearson Correlation 

4.9.2.2 Number of usability problems discovered 
After presenting the results of determining the realness of usability issues as mentioned 
above, this phase of presenting the research results involves comparing the results of the 
three methods referred to in Section 4.8.3 and the results of the UT method referred to in 
Section 4.7.3 with the results of determining the realness of usability issues referred to in 
Section 4.9.1. This additional analysis aimed to conduct a rigorous comparison depending 
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on the real problems and thus increase the quality of research. Therefore, all the results in 
Section 4.8.3 are reduced in this section as a result of conducting a rigorous and more 
thorough comparison. 

The total number of unique problems discovered by all UEMs was 82 real problems, after 
deciding the realness of usability issues, as mentioned in Section 4.9.1. As presented in 
Table 4.25, the UES-HE method identified 60.98% of the total number of real problems 
and it outperformed all UEMs, which is acceptable. The results of the UT and URS-HE 
methods were unsatisfactory because they discovered 52.44% and 43.90% of the total 
number of real problems, respectively. However, the HE method presented the worst 
result, identifying approximately 30% of real problems in total. Therefore, it is possible 
to conclude that the UES-HE method was the method with the highest performance in 
detecting real problems, followed by UT, URS-HE and HE. 

The above results clearly indicate the positive role of the user session impact on the 
traditional method (HE). More specifically, adding a user exploration session to the HE 
method resulted in the detection of nearly double the problems detected by the HE 
method. This conclusion regarding the impact of the user session was confirmed by 
adding the user review session to the HE method, which led to better results compared to 
the HE method. With regard to false problems, this type of problem is one of the main 
defects of the HE method. Therefore, the HE method seeks to minimise this type of 
problem as much as possible. The results again indicated the positive effect of the user 
session on the HE method. This is because the results led to the discovery of 7, 12 and 17 
false problems for URS-HE, UES-HE and HE, respectively. However, statistical 
examination was necessary to determine whether the performances of UEMs differed 
significantly in terms of identified usability problems. Thus, the Kruskal Wallis test with 
a significant level of 5% (0.05) was applied, demonstrating that it was very likely for a 
significant difference to exist between UEMs in terms of identified usability issues. This 
conclusion was derived on the basis of p-value = 0.000 (P < 0.05) (see Table 4.10). To 
achieve a Bonferroni correction, the p-value was multiplied by 4, yielding a corrected 
value of 0.000 (P < 0.05). Thus, the impact of the method on the obtained results was 
confirmed with those results where the performance of the method demonstrated a 
statistical difference. In order to decide which differences between methods were 
significant, pairwise comparisons were performed using Dunn’s method with a 
Bonferroni correction. As shown in Table 5.5, the post-hoc analysis indicated that there 
was a significant difference among all UEMs except between UT and UES-HE and 
between UT and URS-HE. With regard to the severity rating for each UEM, Table 4.26 
lists the number of cosmetic, minor, major, and catastrophic usability problems for each 
of these methods. The UES-HE method tended to find more cosmetic, minor, and major 
problems compared to the other methods, whereas the UT method discovered a larger 
number of catastrophic problems. Among all UEMs, the HE method identified the lowest 
number of all problem types. 
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 UES-HE method URS-HE method HE method UT method 

No. of discovered problems 50 36 24 43 

Percentage of discovered problems 60.98% 43.90% 29.27% 52.44% 

Table 4.25: Usability methods and discovered usability problems 

 UES-HE method URS-HE method HE method UT method Total 

1: Cosmetic 15 60% 11 44% 8 32% 10 40% 25 

2: Minor 13 59% 9 41% 8 36% 11 50% 22 

3: Major 17 65% 12 46% 5 19% 16 62% 26 

4: Catastrophic 5 56% 4 44% 3 33% 6 67% 9 

Table 4.26: Usability methods and severity rating of usability problems 

 

Method Mean N Std. Deviation Sig. 

UES-HE 9.69 16 2.549 

0.000 
URS-HE 6.00 16 1.366 

HE 3.63 16 1.360 

UT 7.00 20 2.248 

Note: “N” indicates the number of participants 

Table 4.27: Kruskal Wallis test on number of problems detected by UEMs in the first 
experiment 

Method Test statistic Std. error Std. test statistic Sig. Adj. Sig. 

URS-HE - HE 19.344 6.936 2.789 0.005 0.032 

UT - HE -25.881 6.580 -3.933 0.000 0.001 

UES-HE - HE 41.406 6.936 5.970 0.000 0.000 

URS-HE - UT -6.537 6.580 -0.994 0.320 1.000 

UES-HE - URS-HE 22.062 6.936 3.181 0.001 0.009 

UES-HE - UT 15.525 6.580 2.359 0.018 0.110 

Table 4.28: Post-Hoc analysis with Bonferroni correction of number of problems detected by 
UEMs in the first experiment 

To compare the performance of HE and UT based on data from this study and previous 
empirical studies, the findings of the UT and HE in the first experiment were contrasted 
against earlier published studies, as seen in Table 4.29. This table provides worthwhile 
information about the performance of these commonly used methods in the field of 
usability, both of which are still under research and development. The range of the 
identified usability problems reported by earlier published studies was 40% to 68.3% for 
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expert evaluators of the HE method and 8% - 22% for non-expert evaluators of the HE 
method. For the UT method, the range of the identified usability problems reported by 
earlier published studies was 15% to 61.9%. On the other hand, in the first experiment, 
HE and UT respectively detected 29.27% and 52.44% of usability problems. However, it 
is considered that any inconsistencies in the earlier published studies are due to the 
number of evaluators involved and their experiences, as well as the number of users. That 
is to say, the method applied by expert evaluators or a greater number of participants 
might yield more effective results when compared to the method applied by non-expert 
evaluators or a smaller number of participants. 

 Usability testing method Heuristic evaluation method 

 
Percentage of 

discovered 
problems 

No. of 
participants 

Percentage of 
discovered 
problems 

No. of 
participants 

Jeffries et al. (1991) 15% 6 users 51% 4 expert 
evaluators 

Doubleday et al. (1997) 39% 20 students 40% 5 expert 
evaluators 

Tan et al. (2009) 30% 24 users 60% 18 evaluators 

Law and Hvannberg 
(2002) 61.9% 10 users 68.3% 2 expert 

evaluators 

Nielsen (1992) - - 
- 60% 
- 41% 
- 22% 

- 14 double 
usability expert 
- 19 regular 
usability expert 
- 31 non-expert 
evaluators 

Desurvire et al. (1992a) - - - 44% 
- 8% 

- 3 expert 
evaluators 
- 3 non-expert 
evaluators 

1st experiment 52.44% 20 users 29.27% 16 non-expert 
evaluators 

Table 4.29: Comparison between the performances of UT and HE in this study and in earlier 
studies in terms of the number of problems detected  

One of the most interesting recommendations in the usability field is the use of more than 
one UEM to improve the results (Fernandez et al., 2011), especially of the HE and UT 
methods (Paz et al., 2015b; Tan et al., 2009; Fu et al., 2002; Sauro, 2012). This 
recommendation is based on the argument that each method can find unique real problems 
that cannot be discovered by other UEMs, and that each method has advantages and 
disadvantages. Therefore, each method can be used as complementary to the other 
methods. In this section, this argument is examined to determine whether it should be 
accepted or rejected. Figure 4.2 illustrates the unique real problems identified by all 
UEMs. The UT method found more unique problems than the other methods, with 22% 
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of the problems not found by the other methods (18 of the total number of real problems). 
The next most satisfactory result was yielded by the UES-HE method, which found 10% 
of unique real problems (8 of the total number of real problems). Following this, the URS-
HE and HE methods both found the same number of unique real problems, that is, 6% (5 
of the total number of real problems). Table 4.30 lists the unique real problems that were 
discovered by each of the UEM in term of severity rating. The UT method identified two 
cosmetic, six minor, six major, and four catastrophic problems that were not discovered 
by other methods. Thus, it found more minor, major, and catastrophic problems than the 
other methods. The UES-HE method found four cosmetic, two minor, one major, and one 
catastrophic problem that were not discovered by other methods; hence, in terms of 
cosmetic problems, its results were more satisfactory. The URS-HE method found two 
cosmetic, two minor, and one major problem, whereas the HE method found three 
cosmetic, one minor, and one major problem. However, neither of the latter two methods 
succeeded in finding a catastrophic problem. 

Regarding the use of two methods together, Figure 4.2 also illustrates that the use of UES-
HE with UT led to superior results 88% (72 of 82). In addition to finding a greater number 
of problems overall, the combination of those two methods was also superior in terms of 
the type of problems in that it identified 20 cosmetic, 19 minor, 24 major, and 9 
catastrophic beyond those found by other methods. Using both the URS-HE and UT 
methods can lead to the identification of 80% of problems (66 of a total of 82 real 
problems). The combined use of HE and UT can also yield optimal results with 74% (61 
out of a total of 82 real problems). The rest of the results from combination of methods 
were as follows: 72% in the case of the use of UES-HE with URS-HE, 67% in the case 
of the use of UES-HE with HE, but only 56% in the case of the use of URS-HE with HE. 
In summary, it can be argued that using UES-HE in combination with UT produces more 
optimal results. In addition, combining the UT method with each of the UES-HE, URS-
HE, or HE method can find an adequate number of usability problems. Therefore, these 
results support the recommendation that using more than one UEM offers improved 
results and confirm that no single method can identify the most number of usability 
problems on its own, which is consistent with the previous studies mentioned above.
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Overlapping and unique real problems 
between (UES-HE) and (HE) 

Overlapping and unique real problems 
between (UES-HE) and (UT) 

Overlapping and unique real problems 
between (URS-HE) and (HE) 

Overlapping and unique real problems 
between (URS-HE) and (UT) 

    

Overlapping and unique real problems 
between (UES-HE) and (URS-HE) 

Overlapping and unique real problems 
between (HE) and (UT) Overlapping and unique real problems between all UEMs 

  

 

Figure 4.2: Venn diagrams of the overlapping and unique real problems found by each UEM 
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 Methods Cosmetic Minor Major Catastrophic Total usability issues 

Unique real problems 

UES-HE  4 2 1 1 8 10% 
URS-HE  2 2 1 0 5 6% 
HE  3 1 1 0 5 6% 
UT  2 6 6 4 18 22% 

Total overlapping real problems 

UES-HE and HE 5 7 4 3 19 23% 
UES-HE and UT 5 5 9 2 21 26% 
URS-HE and HE 4 5 2 3 14 17% 
URS-HE and UT 4 3 4 2 13 16% 
UES-HE and URS-HE 6 7 10 4 27 33% 
HE and UT 0 2 2 2 6 7% 

Total overlapping and unique real problems 

UES-HE and HE 18 14 18 5 55 67% 
UES-HE and UT 20 19 24 9 72 88% 
URS-HE and HE 15 12 15 4 46 56% 
URS-HE and UT 17 17 24 8 66 80% 
UES-HE and URS-HE 20 15 19 5 59 72% 
HE and UT 18 17 19 7 61 74% 

Table 4.30: Severity rating and unique real problems found by each UEM
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Reliability measure is the measure that indicates how consistent usability evaluation 
outcomes are over a range of evaluators (Hartson et al., 2003). The any-two agreement is 
considered as the traditional measure of reliability, as mentioned in Section 2.4.3. The 
result of reliability can be in the range from 0% to 100%, where 0% indicates that the 
evaluators cannot reach consensus on any usability problem, and 100% means that all the 
evaluators have reached agreement on all the usability problems detected (Hertzum and 
Jacobsen, 2003). As mentioned in Section 2.4.3, this measure can be assessed through the 
equation of any-two-agreement, as follows: 

o Any	Two	Agreement = 	Average	of	 |23∩25||23∪25| 	over	all
8
9 	n	(n −

1)	pairs	of	evaluators 

where 'Pi' and 'Pj' refer to the problems discovered by evaluator 'i' and the other evaluator 
'j', and 'n' refers to the number of evaluators (Hertzum and Jacobsen, 2003).  

The measurement of reliability of UES-HE, URS-HE and HE revealed a slight difference 
between them, where the results were 11%, 9% and 8%, respectively. This means that the 
evaluators discovered fewer unique problems with UES-HE than with the other methods. 
It is worth mentioning that the UEM with a higher reliability ratio does not necessarily 
have the highest percentage of detected problems. The corresponding comparison of the 
obtained results with the results from previous studies is presented in Table 4.31. 

Study UEM Reliability 

Hornbæk and Frøkjær (2004) HE Non-expert evaluators: 7.2% 

Nielsen and Molich (1990) HE Non-expert evaluators: 26% 

Hertzum and Jacobsen (2003) HE 

- Non-expert evaluators: 
Ranging from 9% to 26% 
- Expert evaluators: Ranging 
from 5% to 45% 

First experiment 
- UES-HE 
- URS-HE 
- HE 

- 11% 
- 9% 
- 8% 

Table 4.31: Comparison of the experiment results with those of earlier studies in terms of 
reliability  

4.9.2.3 Usability evaluation method (UEM) performance Metrics 

Application of the performance metrics of usability presented in Section 2.4.3 has the 
following consequences. 

4.9.2.3.1 Validity 
According to Andre et al. (2003), “validity is a measure of how well a UEM rejects false 
positives”. Table 4.32 presents the validity results of UEMs used in the first experiment. 
The results of both UES-HE (80.6%) and URS-HE (83.7%) were satisfactory. That means 
both of the proposed methods have acceptable validity and there are no significant false 
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problems. In term of the UT method, it makes sense that it achieved the best performance 
in terms of validity at 100% and the reason behind this is that all the problems resulting 
from such a method are characterised as real problems and there are no false problems 
because the usability problems of this method are derived directly from the user's 
observation. In term of the HE method, it was prone to false problems and offered 
unsatisfactory results at 58.5% (see Table 4.32).
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Methods 

Total  

usability  

issues 

0: not a problem 1: Cosmetic 2: Minor 3: Major 4: Catastrophic 

Total real  

usability  

problem 

Validity 

UES-HE method 62 12 19.4% 15 24.2% 13 21.0% 17 27.4% 5 8.1% 50 0.81 80.6% 

URS-HE method 43 7 16.3% 11 25.6% 9 20.9% 12 27.9% 4 9.3% 36 0.84 83.7% 

HE method 41 17 41.5% 8 19.5% 8 19.5% 5 12.2% 3 7.3% 24 0.59 58.5% 

UT method 43 0 0.0% 10 23.3% 11 25.6% 16 37.2% 6 14.0% 43 1.00 100% 

Table 4.32: Validity of usability evaluation methods in the first experiment 
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4.9.2.3.2 Thoroughness 
According to Andre et al. (2003), “thoroughness is a measure of how well a UEM finds 

real problems”. That means that thoroughness is required to determine the realness of 

usability problems. Thus, measuring the thoroughness of each method can be achieved 

by dividing the total number of real problems identified by a specific method by the real 

problems discovered by all the methods. Table 4.33 shows that the UES-HE method 

offered satisfactory thoroughness at 61.0%, whereas the results of the URS-HE method 

and UT method were unsatisfactory at 43.9% and 52.4%, respectively. However, at 

29.3%, the thoroughness of the HE method was the worst. 

Methods 

Real  

usability  

problems 

Total real  

usability  

problems 

Thoroughness 

UES-HE method 50 

82 

0.61 61.0% 

URS-HE method 36 0.44 43.9% 

HE method 24 0.29 29.3% 

UT method 43 0.52 52.4% 

Table 4.33: Thoroughness of usability evaluation methods in the first experiment 

4.9.2.3.3 Effectiveness 
After obtaining the validity and thoroughness of all the UEMs, the effectiveness of each 

usability evaluation method was assessed through multiplication of validity by 

thoroughness. Among all UEMs, as shown in Table 4.34, the UT method and UES-HE 

method outperformed all the other methods in terms of effectiveness, demonstrating the 

capability of identifying about half of the total number of usability problems present in 

the system, at 52.0% and 49.4%, respectively. The results of the other methods were 

unsatisfactory; the effectiveness result of the URS-HE method showed that this method 

identified only about 35% of the total number of usability problems existent in the system, 

while the HE method again had the worst result, with effectiveness of 17.1%.  

Methods Validity Thoroughness Effectiveness 

UES-HE method 0.81 80.6% 0.61 61.0% 0.49 49.4% 

URS-HE method 0.84 83.7% 0.44 43.9% 0.37 37.0% 

HE method 0.59 58.5% 0.29 29.3% 0.17 17.1% 

UT Method 1 100.0% 0.52 52.4% 0.52 52.0% 

Table 4.34: Effectiveness of usability evaluation methods in the first experiment 

4.9.3 Cost of Employing UEMs 

There is a lack of comparative research investigating the cost of applying UEMs. Thus, 

this study sought to address this matter by documenting the amount of time necessary to 
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perform UEM and analysing the outcomes of every UEM method. Evaluation time is the 

duration needed to complete evaluation/testing sessions. Analysis time is the estimated 

duration needed to extract the usability problems from the evaluation data and merge the 

results into a consolidated list of every method. The approximate participant cost of 

employing every UEM is presented in Table 4.35 with the estimation of the financial 

costs incurred per usability problem. The data in Table 4.35 show the total time spent on 

applying the four UEMs used in the first experiment and subsequent analysis of the 

results. Thus, it is evident that UT and UES-HE took longest to complete (24.8 hours and 

21 hours, respectively), while HE was completed quickest (10.1 hours). The duration of 

URS-HE method was 15.7 hours (see Table 4.35). 

It is reasonable to compare financial costs in a business environment required to conduct 

the UEM. The financial cost of all UEMs was obtained by multiplying the hours the 

participants spent on conducting the method and the hours spent on analysing the results 

of each method by the participant cost per hour and rounding the obtained figure to the 

nearest dollar. According to Nielsen (1994b), the daily charge rate of the evaluators is on 

average $100 per hour. However, if a quality improvement is identified that offers only a 

slight improvement for a considerably higher cost, the additional investment might not be 

assessed as worthwhile. Table 4.35 shows that the average participant cost of HE method 

was $ 63, which was lower than that of the URS-HE method ($78.25), the UES-HE 

method ($104.83), and the UT method ($124).  

According to Martin et al. (2014), “Comparing the costs by number of problems 

discovered by each method can identify the most cost-effective usability method.”. Thus, 

it is possible to deduce the financial cost per problem via comparison between the 

financial costs of every method and the number of identified usability problems (Martin 

et al., 2014). The lowest cost per problem was demonstrated by the UES-HE method ($ 

41.93) and HE method ($ 41.88), followed by the URS-HE method ($ 43.47), and UT 

method ($ 57.75). Thus, the results show that the most cost-effective methods were UES-

HE and HE method, followed by the URS-HE and UT (see Table 4.35). 
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  UES-HE URS-HE HE UT 

Evaluation/testing Session: Total 
time spent by all participants - 
(minutes) 

589 453 284 590 

User session: Total time spent by 
users participating in a user session 
(minutes)  

332 164 - - 

Analysis session by evaluators 
(debriefing session) - (minutes) 

37 22 19 - 

Analysis time by researcher - 
(hours) 

5 5 5 15 

Total time (evaluation/testing time 
+ analysis time) - (hours) 

21 15.7 10.1 24.8 

Evaluators/users cost $ 2,097 $ 1,565 $ 1,005 $ 2,483 

Average evaluator/user cost $ 104.83 $ 78.25 $ 63 $ 124 

Finical costs per problem $ 41.93 $ 43.47 $ 41.88 $ 57.75 

Table 4.35: Costs of employing the UEMs in the first experiment 

The data in Table 4.36 demonstrate that, in terms of the ability to detect real usability 

issues with the user interface, UES-HE and UT had higher thoroughness and effectiveness 

compared to the other methods. The efficiency of all UEMs provided similar results in 

terms of the identification of the overall number of real problems associated with the 

overall time spent. According to the results, UES-HE and UT performed the best in terms 

of identification of real problems, followed by URS-HE, and lastly, HE. Ranking second, 

the UT demonstrated more validity compared to the other methods. On the other hand, as 

can be seen in Table 4.36, HE was the cheapest to use, followed by URS-HE and UES-

HE, while the UT method was the most expensive. Although UES-HE and URS-HE came 

in second and third place, respectively, in terms of least expensive cost per participant, 

they came in first and second place, respectively, in terms of least financial costs per 

usability problem (see Table 4.36). 

         Metrics 

 

Methods 

Efficiency Validity Thoroughness Effectiveness 
Cost per  

participant 

Finical costs  

per problem 

UES-HE method 0.08 80.6% 61.0% 49.4% $ 104.83 $ 41.93 

URS-HE method 0.08 83.7% 43.9% 37.0% $ 78.25 $ 43.47 

HE method 0.08 58.5% 29.3% 17.1% $ 63 $ 41.88 

UT Method 0.07 100% 52.4% 52.0% $ 124 $ 57.75 

Table 4.36: Metrics comparison between UEMs in the first experiment 
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4.9.4 The relationship between participant numbers and the usability 
problems discovered 

To start with, conducting UEM requires planning of an adequate sample size; thus, one 

of the most crucial objectives set in this thesis is to ensure thorough examination of the 

relations between the participant numbers and the quantity of the usability problems 

discovered as mentioned in Section 1.3 and Section 2.4.1. An evaluation method can be 

considered to be good if it can facilitate detection of a large proportion of usability issues 

with the use of a minimum number of participants. Thus, it implies a further examination 

of the effect that the participant numbers have on the number of usability problems 

discovered for specifying the adequate participant numbers for UT and HE. Furthermore, 

this research also includes the quantification of the optimal sample size of evaluators in 

the proposed methods (UES-HE, URS-HE, US-HE, US-ICHE and US-CHE). As 

mentioned in Section 2.4.1, Section 3.4.8.1.2 and Section 3.4.8.1.1, there is still a 

significant amount of debate surrounding the ideal number of participants needed for 

UEM performance and this debate has led to the emergence of two opposing camps. The 

first camp argues that five participants or the rule of 4±1 is the optimal sample size for 

detecting between 80% and 85% of usability problems, as suggested by Nielsen (2000), 

Virzi (1992), Nielsen and Landauer (1993), Lewis (1994), Turner et al. (2006), Tan et al. 

(2009) and others. In contrast, the second camp argues that five participants are not 

enough, and the number of participants must be increased in order to identify sufficient 

usability problems. This camp includes Spool and Schroeder (2001), Macefield (2009), 

Woolrych and Cockton (2001), Lindgaard and Chattratichart (2007), Faulkner (2003) , 

Dumas and Redish (1999) and others. Therefore, Hwang and Salvendy (2010) proposed 

that the 10 ± 2 rule should be applied to obtain the best sample size for detecting about 

80% of usability problems. From the foregoing, it can be concluded that the argument 

about ‘five participants’ and the 10 ± 2 rule as a sufficient number for detecting between 

80% and 85% is doubtful and debatable and it will be investigated within this thesis. In 

this study, Section 4.9.2.2 mentions that such percentages were not reported by any of the 

UEMs although HE and each proposed method in this thesis were composed of 16 

evaluators and UT was composed of 20 users. Given this outcome and in order to 

determine the extent of the difference between UEMs in terms of performance, the 

percentage of issues identified by the 16 evaluators and 20 users was compared to that 

identified by a sample of 5 participants. In order to examine the relationship between 

participant numbers and the usability problems discovered in this study, the structure of 

this section is as follows. Subsection 4.9.4.1 studies the number of issues identified in 

each UEM by the best and first five participants, whereas Subsection 4.9.4.2 covers the 

calculation of the required number of participants for identification of 80% of the 

available usability issues. 

4.9.4.1 Number of usability issues detected by the best and first five participants 

Certain researchers claim that five participants is the optimal sample size for detecting 

between 80% and 85% of usability problems. However, other studies have challenged 

this assertion (see Sections2.4.1 and 4.9.4). Therefore, an investigation of this claim was 

one of the intentions of this research design. To achieve this, the researcher examined 
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whether five participants were randomly selected from each method or whether the top 

five participants, in terms of performance, could detect between 80% and 85% of usability 

problems.

Investigating the performance of five participants for each UEM in the first experiment 

required analysis of the percentage of issues exposed by each UEM made of five 

participants. This was achieved through the assessment of the performance of the first 

and the best participants for each UEM.  

Table 4.37 presents the performance of the first five participants in all UEMs in the first 

experiment. The results demonstrated by the participants were arranged randomly to 

reduce the effect of the order with a help website by generating a random number. The 

results for the UEMs in Table 4.37 designated as F-UES-HE, F-URS-HE, F-HE and F-

UT as those five participants with the first performance (T) to disclose the number of 

issues for the methods of UES-HE, URS-HE, HE and UT, respectively. Thus, the first 

five participants for the UES-HE method identified 48% of the overall number of usability 

issues, while the first five participants for the URS-HE method identified 39% of the 

overall number of usability issues. In both cases, the proportion of identified issues was 

less than the expected 80%. Likewise, the first five participants for the HE and UT 

methods respectively identified 18% and 27% of the existing usability issues, which was 

less than the expected 80%. These results show that the performance of five participants 

in UES-HE and URS-HE was better if compared with that of the HE and UT methods, 

which was similar to the overall participants' performance in UEMs, as mentioned in 

Section 4.9.2.2. Thus, these results mean that the argument about the sufficiency of five 

participants, the so-called “magic number or rule of 4±1”, for UEMs was not confirmed. 

However, a percentage of 76% of the overall number of usability issues was identified by 

the first five participants chosen from all UEMs. 

 # of problems discovered % of problems discovered 

F-UES-HE 39 48 % 

F-URS-HE 32 39 % 

F-HE 15 18 % 

F-UT 22 27 % 

Total 62 76 % 

Note: “F” indicates the first five participants from each UEMs 

Table 4.37: First five participants' performances for UEMs in the first experiment 

Table 4.38 presents the performance in each UEM with the scores of the best five 

participants. More specifically, the five participants with the best performance (B) in 

terms of identifying the highest number of issues for the methods of UES-HE, URS-HE, 

HE and UT are indicated by B-UES-HE, B-URS-HE, B-HE and B-UT, respectively. 

Thus, a percentage of 45% of the overall number of usability issues was identified by the 

first five participants for the UES-HE method, while this percentage was 29% for the 
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URS-HE method, which was less than the expected 80% in both cases. Similarly, the best 

five participants for the HE and UT methods identified 20% and 37% of the existing 

usability issues, which was less than the expected 80%. These results show that the 

performance of five participants in UES-HE and UT was better by comparison to that of 

the URS-HE and HE methods, which is consistent with the overall participants' 

performance in UEMs, as mentioned in Section 4.9.2.2. Thus, these results mean that the 

argument about the sufficiency of five participants, the so-called “magic number or rule 

of 4±1”, for UEM was not confirmed. However, a percentage of 72% of the overall 

number of usability issues was identified by the best five participants chosen from all 

UEMs. 

 # of problems discovered % of problems discovered 

B-UES-HE 37 45 % 

B-URS-HE 24 29 % 

B-HE 16 20 % 

B-UT 30 37 % 

Total 59 72 % 

Note: “B” indicates the best five participants from each UEMs 

Table 4.38: Best five participants' performances for UEMs in the first experiment 

The next subsection specifies the number of participants required for detecting 80% of 

usability issues. 

4.9.4.2 The participant numbers needed for detection of 80% of the usability issues 

This subsection aims to establish the number of participants required for detecting 

satisfactory results, which signifies about 80% of the total usability problems detected in 

the system. First of all, it is necessary to calculate the average rate of detecting usability 

issues for further estimation of the sample size required for identification of the pre-

determined percentage of the issues. The problem discovery rate (p) could also be called 

problem detection rate (Hwang and Salvendy, 2010). Lewis (2001) described the problem 

discovery rate as representing the average of the number of users who experience every 

identified issue. One of the underlying reasons for calculating the problem discovery rate 

is that “an estimate of the problem-discovery rate is a key component for projecting the 

required sample size for a usability study” (Lewis, 2001). The procedure provided by 

Albert and Tullis (2013) regarding the calculation of the problem discovery rate is as 

follows: 

All the usability issues detected during the test must be listed. Subsequently, all the 

usability issues for every participant must be marked and the overall number of usability 

issues determined by every participant must be added. The figure obtained is then divided 

by the overall number of issues. Finally, the average results must be calculated for all 

participants, where the output represents the problem discovery rate (p value). 
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After the average rate of detection is calculated, it is possible to estimate the number of 

participants for identifying the pre-determined percentage of usability issues with the help 

of the equation on the basis of the formula of binomial probability: 

o Percentage	of	usability	issues	that	can	be	detected	(P) 	= 	 (1 − (1 − 9):) 	×
100) 

p: the average of problem discovery rate. 

n: the number of required participants 

P: percentage of usability issues that can be detected. 

The equation above can be implemented online by using the “Sample Size Calculator for 

Discovering Problems in a User Interface4” provided by Sauro (2006). In the present 

study, the detection rate was 0.08, meaning that 19 participants out of all participants in 

all UEMs in the first experiment were needed to ensure identification of 80% of the 

overall number of usability issues detected by all UEMs (see Table 4.39). 

Targeted 

percentage 

The required number of 

participants 

85% 22 

80% 19 

75% 16 

65% 12 

50% 8 

Table 4.39: Number of participants and the targeted problem percentage 

However, calculation of the adjusted problem discovery rate for the estimation of the 

sample size is required in the case of using small sample sizes (less than 20 participants); 

this is a recommendation aimed at bias reduction and overestimation possible as 

mentioned in Section 2.4.1 (Lewis, 2001; Zapata and Pow-Sang, 2012; Lewis, 2012). 

Thus, the problem discovery rate or p value had to be adjusted in this thesis for 

identification of 80% of usability issues by each UEM. The mentioned adjustment 

entailed the averaging on the basis of the normalisation method offered and Good-Turing 

discounting (Lewis, 2001), as follows: 

o 9=>?	 = 	 @A	BC9DEF −	
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4 https://measuringu.com/problem_discovery/ 
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padj: the p value after adjustment 

pest: the unadjusted P value 

n: the sample size 

GTadj: the adjuster ‘Good-Turing or the number of usability issues exposed by a single 

participant in the study divided by the overall number of usability issues detected (Lewis, 

2001; Lewis, 2006a).  

The calculated padj can be inserted in the formula of binomial probability as mentioned 

above, with p as padj, for estimation of the number of users required for identification of 

a certain percentage of issues. The UES-HE, URS-HE, HE and UT methods had the 

adjusted average rate of detecting usability issues of 0.150, 0.125, 0.111 and 0.127, 

respectively. Detection of 80% of the available issues in the tested website required a 

minimum of 9 participants in the UES-HE method, 12 participants in the URS-HE 

method, 13 participants in the HE method, and 11 participants in the UT method. 

Consequently, the number of required participants for the HE and URS-HE and UT 

methods were 4, 3 and 2 more than the UES-HE method for identification of 80% of 

overall usability issues (see Table 4.40). 

 UES-HE 
URS-

HE 
HE UT 

pest 0.194 0.167 0.151 0.163 

1/n 0.0625 0.0625 0.0625 0.05 

GTadj 0.098 0.098 0.085 0.110 

padj 0.150 0.125 0.111 0.127 

Sample size needed for the 

detection of 80% 
9 12 13 11 

Table 4.40: Sample size needed for the detection of 80% of overall number of usability issues 

4.10 Discussion 

The outcome of the first experiment showed that UES-HE could detect 61% of the total 

number of real usability problems, while UT detected 52% and URS-HE detected 44%. 

On the other hand, HE could uncover just 29% of the total real usability problems. 

Comparison of the UEMs in the first experiment in terms of the number of problems 

discovered showed that the method of HE had the worst performance. Such an outcome 

can be expected because the method of HE cannot take into account the views of users in 

contrast to the UER-HE and URS-HE. In addition, the HE method is prone to false 

problems, which reduce its effectiveness for detection of real problems compared to the 

UT method. In this experiment, UT was shown to uncover 22% of the real problems not 

found by other methods, while UES-HE found 10% of those not found by other methods. 

In addition, both URS-HE and HE uncovered 6% of the problems not found by other 
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methods. Comparison of the number of unique usability issues uncovered made clear that 

the URS-HE and HE methods lacked the performance of UT or UES-HE. Comparing the 

results of the HE and UT methods in this study with those of the previous studies, the 

users of UT method detected a higher number of usability problems compared to the 

evaluators of HE method. This result is inconsistent with those of some studies, such as 

Tan et al. (2009), which compared UT and HE methods. This is mainly due to the fact 

that the type of evaluator in this thesis was non-expert evaluator, in contrast to some of 

the studies mentioned in Table 4.29, which employed expert evaluators. It should also be 

highlighted that UES-HE had superior performance in uncovering major, minor and 

cosmetic real usability problems. The results gathered by the UEMs were statistically 

varied, and relevant tests demonstrated the existence of a statistical significance with 

regard to the number of issues revealed and the time necessary. To conclude, the heuristic 

evaluation method demonstrated poor performance in terms of problem detection. 

Judging from the number of problems discovered, the UT method demonstrated a modest 

performance compared to UES-HE but a satisfactory performance compared to URS-HE 

and HE. In addition, the methods proposed in this experiment (UES-HE and URS-HE) 

proved their superiority by comparison to the traditional method, confirming their 

usefulness and contribution to the field of methods of usability evaluation. Consequently, 

as indicated by the findings, it is necessary that UT should be conducted together with 

HE to ensure that all the shortcomings of both methods are adequately addressed. Thus, 

to improve outcomes, an alternative method characterised by high capability should be 

used. Such an alternative is to use the methods proposed in this experiment, namely, UES-

HE or URS-HE, with the UT. Additionally, the UES-HE offered the best results when it 

came to pinpointing comprehensive usability problem areas, when compared to the other 

usability evaluation methods. On the other hand, the traditional method had the least 

coverage of usability problem areas compared to the other methods. Therefore, such 

results can indicate that user sessions helped evaluators to discover a greater number of 

usability problem areas. Section 2.4.3 described missed problems, which were issues that 

a single method failed to identify. In particular, UT failed to reveal 18 real usability 

problems, but this number was much higher for UES-HE, URS-HE and HE, which missed 

28, 31 and 31 real usability problems, respectively. 

The performance metrics are examined for this experiment, it is seen that UT has a slight 

increase efficiency in terms of the total amount of time spent that the users requires for 

conducting tests and determining usability problems. UES-HE had higher thoroughness 

in terms of identifying real problems, compared with the other methods. However, UES-

HE was inferior to UT in term to validity and effectiveness, but superior to UES-HE and 

HE, the latter of which had the least acceptable performance of metrics. On the other 

hand, HE was the cheapest option available in term of cost per participant, while both 

URS-HE and UES-HE were more expensive than HE but less costly than UT. In addition, 

UES-HE and HE were the cheapest options available in term of financial cost per 

problem, while URS-HE was more expensive than HE but less costly than UT. Although 

the methods of HE based on the user sessions (UES-HE and URS-HE) included more 

evaluation sessions than the HE and UT, they provided satisfactory results in terms of 

cost. 
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These results allow for more effective decisions to be taken when it comes to choosing 

the appropriate method, used on its own or together with another method, to allow for the 

detection of the maximum number of usability problems. The choice of a suitable method 

(or methods) is made on the basis of the number and type of usability problems pinpointed 

by each. On the whole, UES-HE is a useful UEM, improving the effectiveness of usability 

evaluation performance. 

The objective number six of this research was to examine the importance of the number 

of participants engaged in UEMs. In order to examine the relationship between participant 

numbers and the usability problems discovered in this study, Subsection 4.9.4.1 

investigated the number of issues identified in each UEM by the best and first five 

participants, whereas Subsection 4.9.4.2 addressed the calculation of the required number 

of participants for identification of 80% of the available usability issues. During this 

study, two rules were investigated, namely, the 10±2 rule and the 4±1 rule. The present 

study’s usability tests challenged the optimistic view presented by Nielsen (2000) that 

five participants were enough for determining most usability problems. This study 

indicated that not only did five participants not identify 80% of the problems, the five 

participants who had the best performance among the four methods detected less than 

46% of usability problems. Moreover, the four methods’ first five participants of each 

UEMs were unable to find more than 48% of usability problems.  

To provide a more detailed investigation of this matter, adjusted problem discovery rate 

for UES-HE was established as p = 0.150, and the Sample Size Calculator was used, 

revealing that 9 participants were necessary to reveal about 80% of usability issues with 

the UES-HE, as mentioned in Section 4.9.4.2. Adjusted problem discovery rate was also 

calculated for URS-HE, HE and UT, yielding values of p = 0.125, p = 0.111 and p = 

0.127, respectively. This signified that URS-HE, HE and UT respectively needed 12, 11 

and 13 participants to identify 80% of usability problems. As before, these findings are 

analogous to those of Hwang and Salvendy (2010), who stated that the 10 ± 2 rule was 

sufficient to uncover 80% of usability problems. Overall, it is clear that sample size has 

an effect on the evaluation outcomes and it is not always simple to pinpoint the correct 

sample size for detecting all usability issues. As a result, the sample size should be taken 

into account when conducting a UEM.  

4.11 Conclusion 

This section examined and discussed the outcomes of the UEMs applied in the first 

experiment, namely UES-HE, URS-HE, HE, and UT. Their abilities were contrasted by 

means of evaluating a specific type of system, a dynamic website, with a focus on 

comparing usability evaluation methods, including usability metrics, numbers of usability 

problems detected and their severity, satisfaction ratings, cost, the relationship between 

sample size and problems detected, and time spent. The chapter also discussed the 

potential impact of two different designs of user session on the results of HE method. 
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In general, the results showed that the UES-HE method displayed superior performance 

compared to the URS-HE, HE, and UT methods in terms of evaluating usability 

effectively. This method was able to pinpoint a greater number of usability problems than 

the URS-HE and UT methods, and its output was nearly double the number of problems 

detected by the traditional method (HE). In addition, although the URS-HE method did 

not perform better than the UES-HE method overall, it did surpass the UES-HE method 

in terms of reducing the number of false problems. The outcomes also suggest that 

varying types of user session reveal various problem types. The UES-HE and UT allow 

participants to pinpoint a greater number of the most severe problems (catastrophic 

problems and major problems), while URS-HE offers the second best performance. 

However, the UES-HE method allows participants to pinpoint a greater number of less 

severe problems (minor and cosmetic problems). In terms of the time spent, UT approach 

required the evaluator to spend more time than the other inspection methods, UES-HE 

and URS-HE; and it required double the time of HE in term of testing and analysis. As 

the UT method was also the longest in terms of testing and analysis time compared to the 

rest of the UEMs, it was also the most expensive in terms of cost per problem. In contrast, 

the evaluation methods based on user sessions (UES-HE and URS-HE) took more testing 

and analysis time than the traditional method (HE) but nevertheless performed better 

because their costs were closer to the cost of the traditional method (HE). This indicates 

that although these two methods involve more sessions than the traditional method, they 

provide satisfactory results in terms of financial cost per problem due to their 

effectiveness in the detection of problems. With regard to usability problem categories, 

the categories with the most violations as identified by UES-HE and URS-HE 

considerably exceeded those identified by the HE method. The discussion of the results 

of this experiment also include the rule of 4±1 and the 10±2 rule in order to examine how 

sample size correlates to the number of identified usability issues. This experiment led to 

the assumption that five participants, or the rule of 4±1, was insufficient; this analysis 

was from different perspectives on the basis of the best and first performance of groups 

of five participants. In contrast, calculation of the required number of participants for 

identification of 80% of usability problems revealed that the 10±2 rule was suitable for 

all UEMs in this experiment. Thus, the results indicate that the 10±2 argument (Hwang 

and Salvendy, 2010) is more valid than rule of 4±1 (five participants) (Nielsen, 2000). 

The research demonstrated that user session of HE method change the performance of 

evaluators in terms of their assessment of the target system. Thus, it can be concluded 

that the inclusion of a user session within the traditional method of HE significantly 

improves its performance. 

In the next chapter, the performance of both user session types (user exploration session 

and user review session) as integrated into a single method in which the role of the user 

is more active than in UES-HE and URS-HE methods. The proposed method was tested 

in several forms, including in the case of individual assessment (US-HE), as in the second 

experiment, and in the case of two different types of collaborative evaluations (US-CHE 

and US-ICHE), as in the third experiment. These proposed methods are then compared 

with the two benchmarked methods, HE and UT.  
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5  THE IMPACT OF USER 

SESSION ON THE HEURISTIC 

EVALUATION 

5.1 Introduction  

As noted in the introduction, three experiments were planned in order to investigate the 

effect of different designs of user sessions on the HE method. These user session types 

are proposed by the researcher, with the aim of testing the impact of user on HE results. 

In Chapter 4, two types of user sessions within the HE method were tested separately 

(UES-HE and URS-HE); in this chapter, these two sessions are combined together in the 

HE method. This was achieved through two experiments (experiment 2 and 3) 

representing two different types of evaluation design for the HE method. First, the two 

sessions applied in the fourth chapter were tested by combining them into a traditional 

evaluation design for the HE method, based on the individual evaluation of evaluators. 

Thus, the aim of the second experiment was to discover whether Heuristic Evaluation 

based on a User Session (US-HE) is successful in generating a preferred method of 

usability evaluation. Second, the two sessions applied in the fourth chapter were also 

tested by combining them into an evaluation design based on collaborative evaluation 

between evaluators. Thus, the aim of the third experiment in this chapter was to uncover 

whether Collaborative Heuristic Evaluation based on a User Session (US-CHE) and 

Individual Collaborative Heuristic Evaluation based on a User Session (US-ICHE) is 

successful in generating an effective method of usability evaluation.  

This chapter thus provides the results of the comparisons made between the UEMs of the 

second and third experiments, US-HE, US-CHE, US-ICHE, HE, and UT. Both 

experiments applied HE and UT as validation methods. UT was used to add validity to 

the experiment and to detect real usability problems; this made it possible to perform 

benchmarking of the results obtained (Nielsen, 2006; Riihiaho, 2015; Hartson et al., 

2003). However, HE is a more effective method for head-to-head comparisons with the 

proposed methods (HES-HE and URS-HE) because the proposed methods are considered 

to be improved versions of HE. Furthermore, there are other similarities between HE and 

the proposed methods, as they are all classified as inspection evaluation methods, though 
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HE is the most frequently applied technique (Díaz et al., 2017; Jaspers, 2009), especially 

in the web domain (Paz et al., 2015b). 

This chapter first lays out the objectives set for the second and third experiments, then 

identifies the targeted website, including identifying participants and outlining the list of 

user tasks, as well as offering an explanation of the procedure. After this, it examines the 

results obtained from the UEMs by means of data analysis, which includes an 

examination of each method’s performance with regard to the number of usability 

problems detected and their severity, satisfaction ratings, and time spent. Additionally, 

the relationship between sample size and number of problems detected is presented, 

alongside the cost of the UEMs. A statistical analysis is used to identify the differences 

between the obtained results, and the experimental findings are discussed before a 

conclusion is presented. 

5.2 Experimental Objectives  

Chapter three, the research methodology chapter, noted that the research objectives could 

be met by means of a series of experiments. The second experiment aimed to study the 

role of using different user sessions together within HE in determining the results of HE; 

this technique is known as Heuristic Evaluation based on a User Session (US-HE). The 

third experiment was a continuation of the second experiment, as the latter prompted a 

question that demanded further research related to two different types of collaborative 

evaluation of US-HE and its impact on the outputs of HE. It was proposed that the two 

different types of collaborative evaluation could have an effect on the HE results.  Thus, 

the third experiment aimed to look into using different user sessions together within two 

different designs of collaborative evaluation of HE to investigate the importance of this 

factor, namely the Collaborative Heuristic Evaluation based on a User Session (US-CHE) 

and Individual Collaborative Heuristic Evaluation based on a User Session (US-ICHE) 

conducted by a group of evaluators on HE outcomes. Taking into account these aims, 

numerous objectives were established for the second and third experiments. The first 

objective was to examine method performance for US-HE, US-CHE, US-ICHE, HE, and 

UT based on the number of real usability issues, reliability, satisfaction rating, time spent, 

and a set of other measures used for usability evaluation. The second objective was to 

investigate the correlations between usability measures. The third objective was to 

provide a more in-depth look at the relationship between evaluator/user numbers and 

usability problems in order to establish the ideal participant number for the most 

satisfactory results. 

5.3 The targeted websites 

This research is focused on dynamic websites, with commercial and static sites excluded 

for the reasons explained in Section 4.3. The choice of the website, the “Visit Dubai” 

website (www.visitdubai.com), was made as it is a dynamic interactive website with a 

broad target group of the users. The foundation of the selection process of the targeted 



Chapter 5 : The Impact of User Session on the Heuristic Evaluation 

139 

website in this chapter was the set of criteria presented in Chapter 4 (Section 4.3). 

Different types of systems or criteria may have made it difficult to achieve the research 

purpose of comparing the results of all experiments in an optimal manner and undermined 

the validity of the research. Thus, consistency and stability of the selection criteria of the 

targeted websites ensure research validity and makes the comparison of the outputs of the 

current chapter with those achieved in the prior chapter possible. The “Visit Dubai” 

website (www.visitdubai.com) was thus denoted as the target website for the second and 

third experiment; this decision was supported with two factors. The first was the direct 

connection between the second experiment and the conditions of the third experiment. 

Both experiments have the same conditions and the differences between the experiments 

are mainly due in the type of evaluation design used, whether individual evaluation 

(second experiment) or collaborative evaluation (third experiment). The second factor 

was that use of the same website facilitates a comparison between the two experiences. 

In order to ensure that no differences in the design of the target website emerged between 

the second and third experiment, the period between the tests was restricted to about a 

month, a relatively short time. 

5.4 Participants and tasks 

The recruited evaluators and users had to apply practical evaluations to conduct the 

experiments. The selection of evaluators and users was done on the basis of the 

requirements presented in Sections 3.4.8.1.1 and Section 3.4.8.1.2.The requirements for 

recruitment of participants in the three experiments in respect of UEMs were identical. In 

other words, the participants of all UEMs were supposed to be of similar ages, genders, 

and levels of experience of Internet use, in order to mitigate the effect of any differences 

between the participants. For example, the number and characteristics of users for the UT 

method outlined in this chapter are similar to the number and characteristics of users 

outlined in Chapter 4. In terms of the collaborative evaluation methods (US-CHE and 

US-ICHE), these required a small number of participants working together as a group; 

participants in these cases were thus not similar in terms of number and characteristics to 

the participants for other methods such as the HE method. 

In this study, the five recommendations outlined by Sauro (2010) acted as the basis for 

determining task quality, as mentioned in Section 3.4.6.2. The second and third tasks, 

which relate to the second website, comprise 5 main tasks broken down into 10 separate 

steps (as in Appendix D). As previously mentioned in Section 3.4.6.1, the list of tasks 

were discussed and formulated during the context meeting and reflect all the principal 

applications of the website under evaluation; including displaying of records, search, 

participation and refining feature. 

5.5 Experimental Procedure 

The UEMs discussed in this chapter were performed based on the procedures outlined in 

chapter 4 (see Section 4.5). The conditions implemented in second and third experiment 
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were identical to the conditions for experiment 1. The only difference was the type of 

evaluation sessions used for each usability evaluation method, as described in Section 

3.4.8.1.1. 

5.6 Experimental data analysis 

This section focuses on the most crucial section of this experiment, the data analysis. 

Thus, this part examines the results achieved after the application of the UEMs chosen 

for this study, namely US-HE, US-CHE, US-ICHE, HE, and UT. The first section offers 

a detailed description of UT results, followed by a detailed explanation of the results 

obtained by applying US-HE, US-CHE, US-ICHE, and HE methods. Finally, all 

outcomes are compared with regard to the performance of the UEMs, the statistical tests, 

and sample sizes. 

5.7 UT data analysis 

5.7.1 Users’ profiles 

Table 5.1 provides a summary of the demographic profiles together with generalisation 

of the key characteristics of the participants involved in the performance of the UT 

method. An attempt was made to select participants who had similar or identical 

demographic characteristics as those in the previous experiment. The overall age range 

of the participants was 18-49 years old; within this range, 70% of participants were 

between 18 and 29 years of age, 20% were between 30 and 39 years of age, while the 

remaining 10% were between 40-49 years of age. As regards the use of the UT method 

or the website under evaluation, none of the participants had any related experience. Most 

of the participants (95%) had experience of using the Internet of more than three years, 

while the rest of the 5% had experience of using the Internet of between one and three 

years. With regard to educational level, the majority of participants (65%) were educated 

to the level of bachelor’s degree and the other 35% were educated to a lower level. 
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Demographic Category Frequency Percentage 

Age group 

18- 29 14 70.00% 

30 - 39 4 20.00% 

40 - 49 2 10.00% 

Over 49 0 0.00% 

 Qualification Level 
1: Below Bachelor 7 35.00% 

2: Bachelor 13 65.00% 

Years using the Internet 

1: Less than 1 year  0 0.00% 

2: From 1 to 3 years  1 5.00% 

3: More than 3 years  19 95.00% 

Table 5.1: Summary of respondents’ demographic data for UT 

5.7.2 Time spent 

Table 5.2 presents the time that the users spent on the tasks of the test, the average time 

needed for the accomplishment of the tasks and the average time spent by each user. The 

time spent was calculated for all of the user tasks, irrespective of whether task completion 

was successful. The total amount of time spent on the UT method was 657 minutes, with 

each user spending, on average, about 6.50 minutes on each task, meaning that each user 

required, on average, 32.85 minutes to complete all tasks within the UT method. 

Meanwhile, in relation to the number of identified usability issues over the period of time 

spent for performing the UT method, the efficiency formula was applied, and the 

efficiency score that was thus obtained was 0.06, as shown in Table 5.3. The obtained 

result and the results of US-HE and HE will be subsequently compared. Moreover, to 

determine whether the time spent and the number of identified usability problems were 

potentially correlated, statistical analysis was deployed, as presented in Section 5.7.3.  

Usability measure UT 

Total time spent by all users (in 

minutes) 
657 

 Average time per user per task 6.57 

 Average time per user 32.85 

Table 5.2: Time taken by participants in UT in the second experiment 

Usability measure UT 

 Efficiency 0.06 

Table 5.3: Efficiency score for UT in the second experiment 
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5.7.3 Number of usability problems discovered 

As mentioned in Section 4.7.3, the fundamental measures of UEMs are the number of 

usability issues and their severity. Thus, this section covers analysis of the UT method in 

terms of the number of usability problems and their severity ratings. All lists of usability 

problems detected by users with the UT method were merged into a consolidated list, 

whilst recurrent problems were removed, as mentioned in Section 3.4.8.4.  

Table 5.4 summarises the outputs of the second experiment and provides explanation for 

the total number of usability issues identified by UT and their rating of severity. The total 

number of usability issues revealed by UT in the list of problems was 39 and all of them 

were coded as “real problems.”. With regard to the severity rating for usability problems, 

Table 5.4 provides the number of cosmetic, minor, major, and catastrophic usability 

problems. The UT method tended to find a larger number of major problems (39%; 15 

out of a total of 39 problems) compared to the other types of problems on the list, so its 

results are interesting. It found approximately 13% of the catastrophic problems on the 

list, i.e., the percentage of cosmetic and minor problems was 20.5% and 28.2%, 

respectively. Statistical examination is needed for the following question on the basis of 

the obtained findings. It is necessary to clarify whether there is any relation between the 

identified issues and the amount of time spent on the UT method. The calculation was 

done by applying Pearson Correlation, as noted in Section 3.6.3.1. Table 5.5 indicates 

that the p-value was 0.000, so less than 0.05. As can be seen in this table, the value of 

Pearson Correlation (r) was 0.314, meaning that there was a moderate positive 

relationship between time spent by user and the number of usability problems discovered. 

This result means that the user who spent more time on the evaluation could come across 

more usability problems.  

  UT method 

1: Cosmetic 8 20.5% 

2: Minor 11 28.2% 

3: Major 15 39% 

4: Catastrophic 5 12.8% 

Total real problems 39 100% 

Table 5.4. Usability problems and severity rating by UT method 

 
 Total Time & 

Total Problems 

Pearson Correlation 0.314 

Sig. (2-tailed) 0.000 

Table 5.5: Pearson Correlation 
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5.7.4 User Satisfaction 

Proposed by Nielsen and Loranger (2006) to achieve a precise determination of users’ 

satisfaction, a seven-point scale is employed so that users can indicate how satisfied they 

are once they complete their testing, with 1 and 7 respectively denoting dissatisfaction 

and high satisfaction. It is valuable for the researcher as it facilitates an understanding of 

users’ experiences with the particular website. The number of those users who provided 

the answers to satisfaction scale of UT method is presented in Table 5.6. The average 

satisfaction score of the targeted website was 3.5, while 4.7 represents the average score 

of the satisfaction rating (Nielsen and Loranger, 2006). Thus, it can be stated that the 

participants found the system usable. As with Table 5.6, the answers given by the users 

to the satisfaction question demonstrate that the majority agree with the negative 

arguments rather than the positive ones. Negative experiences were reported by 55% of 

the users, with 25% of the participants rating it as ‘Poor’ and 30% as ‘Awful’. In contrast, 

the responses of 10% of the users indicated that they regarded their website experience 

as ‘Good’ and 10% ‘Excellent’, but there were no user responses of ‘Best Imaginable’. 

Furthermore, 25% responded with ‘OK’. These results are an indication of dissatisfaction 

of the users with their experience of the testing website. Overall, the users demonstrate a 

low satisfaction level regarding the evaluated website, signifying the need for 

improvements made to the website. 

 Frequency 
Frequency 

 Percentage 

1. Worst Imaginable 0 0.00% 

2. Awful 6 30.00% 

3. Poor 5 25.00% 

4. OK 5 25.00% 

5. Good 2 10.00% 

6. Excellent 2 10.00% 

7. Best Imaginable 0 0.00% 

Total 20 100.00% 

Average Negative (Worst Imaginable, Awful and Poor) 11 55.00% 

OK 5 25.00% 

Average Positive (Good, Excellent and Best Imaginable) 4 20.0% 

Table 5.6: Average percentage of overall users’ judgment on the website regarding the positive 

and negative items 
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5.8 US-HE, US-CHE, US-ICHE and HE data analysis 

5.8.1 Evaluators’ and users’ profiles 

Regarding the non-expert evaluators, all of them had the same characteristics in terms of 

age and experience, being in the age range 18-29 years old and having more than three 

years of experience of using the Internet. As mentioned in a previous Section 3.4.8.1.1, 

all the characteristics of the evaluators in this experiment were the same as for evaluators 

in the other experiments, all evaluators having good background in the computer field 

and being recruited from among students in the computer field who had completed two 

years at undergraduate level. Regarding user characteristics, Table 5.7 presents the 

distribution of the users’ frequency of US-HE method for the second experiment along 

with their age, education and experience. Each user could be qualified as an Internet user 

with experience of Internet use of more than three years. Table 5.8 summarises the 

demographic characteristics of the users involved in the US-CHE and US-ICHE methods 

in the third experiment. According to the procedure mentioned in an earlier Section 

3.4.8.1.1, the participants of US-CHE and US-ICHE methods had to work in small group. 

Each method involved one user and both users in both methods had the same 

characteristics. The age range of the users was from 18 to 29 years old, all of them held a 

bachelor's degree and had experience of using the Internet of more than three years. None 

of the participants has visited the targeted website before, but all of them were users of 

the Internet. 

Demographic Category Frequency Percentage 

Age group 

18- 29 4 50.00% 

30 - 39 3 37.50% 

40 - 49 1 12.50% 

Over 49 0 0.00% 

 Qualification Level 
1: Below Bachelor 4 50.00% 

2: Bachelor 4 50.00% 

Years using the Internet 

1: Less than 1 year  0 0.00% 

2: From 1 to 3 years  0 0.00% 

3: More than 3 years  8 100.00% 

Table 5.7: Summary of respondents’ demographic data for user session in (US-HE) 
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Demographic Category Frequency Percentage 

Age group 18- 29 2 100.00% 

 Qualification Level 
1: Below Bachelor 0 0.00% 

2: Bachelor 2 100.00% 

Years using the Internet 3: More than 3 years  2 100.00% 

Table 5.8: Summary of respondents’ demographic data for user session in (US-CHE and US-

ICHE) 

5.8.2 Time spent 

Calculation of the time spent for the second experiment was done as the time spent by the 

evaluator on completion of the evaluation sessions (see Table 5.9). Examination of the 

results revealed that, on the whole, the participants allocated to the US-HE method took 

longer to carry out the evaluation sessions (898 minutes) than the participants allocated 

to the HE method (311 minutes). Furthermore, as can be seen in Table 5.10, the US-HE 

method took an average of 56.13 minutes to complete, with 8.516 standard deviation, 

while the HE method took an average of 19.44 minutes to complete, with standard 

deviation of 3.032. 

Two questions were raised by the above results. One question was related to whether US-

HE and HE differed significantly in terms of time spent. The non-parametric test known 

as the Mann-Whitney U test was conducted with a significance level of 5% (0.05) in order 

to address this question. The result suggested that a significant difference (p-value = 

0.000) was very likely (Table 5.10). The Bonferroni test was subsequently conducted, 

which involved multiplication of the p-value by 2, yielding a corrected p-value of 0.000 

(P < 0.05). The second question was related to whether any correlation existed between 

the time spent by the evaluators and the number of detected usability issues. To that end, 

the Pearson correlation test was carried out, revealing that a strong positive correlation 

existed between the number of discovered problems and time spent, with p-value of 0.000 

at the level 0.05 (Table 5.12). This result demonstrated statistically that the more time an 

evaluator spent, the higher the number of usability problems identified was. The 

differences in the number of identified issues and time spent can be attributed to the fact 

that the US-HE method allows evaluators to communicate with users through user 

sessions in order to understand their point of view regarding the target system. This 

approach helps evaluators to explore new usability problems, although more time must 

be allocated for such sessions. For example, the US-HE method includes two user 

sessions, namely, user exploration session and user review session. On the other hand, 

the traditional method (HE) does not include any user session and therefore takes less 

time than the US-HE, although fewer problems are identified, and this may be because 

the participants depend only on their perception of the potential usability problems of the 

system, without any interaction with or understanding of the real system user. The 

efficiency metric was used for further analysis of the factors of the number of identified 

usability issues and the time spent. As can be seen in Table 5.11, US-HE (efficiency = 
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0.07) was considered less effective than HE (efficiency= 0.14). Despite finding the fewest 

problems, the HE method was established to have the highest efficiency, possibly due to 

the fact that it took less time to complete than US-HE, because it included a single session 

(actual evaluation session), not three like the US-HE method (user exploration session, 

actual evaluation session and user review session). The obtained result will be compared 

with the UT results at a later stage. 

Usability measure US-HE HE 

Exploration session (Time spent) 316 - 

Actual evaluation session (Time spent) 376 311 

Review session (Time spent) 206 - 

Total time spent by all evaluators (in minutes) 898 311 

Table 5.9: Time taken by participants in US-HE and HE in the second experiment 

 Method Mean N Std. Deviation Sig. 

Time 
US-HE 56.13 16 8.516 

0.000 
HE 19.44 16 3.032 

Note: “N” indicates the number of participants 

Table 5.10: Mann Whitney U test on time spent for US-HE and HE in the second experiment 

Usability measure 
US-

HE 
HE 

Efficiency 0.07 0.14 

Table 5.11: Efficiency score for US-HE and HE in the second experiment 

 
 Total Time & 

Total Problems 

Pearson Correlation 0. 939 

Sig. (2-tailed) 0.000 

Table 5.12: Pearson Correlation (Second experiment) 

The calculation of time for the third experiment was based on the time that the participants 

spent on evaluation sessions. Table 5.13 shows the comparison of the total amount of 

time needed by the participants to complete all evaluation sessions and the mean time 

needed for the evaluation. The US-CHE method and the US-ICHE method respectively 

took 71 minutes and 85 minutes to complete, meaning that the evaluation sessions were 

completed quicker in the former method than in the latter method. On average, the 

participants allocated to the US-CHE method required 17.75 minutes to complete all three 

evaluation sessions, whereas the participants allocated to the US-ICHE method required 

21.25 minutes, as shown in Table 5.13. Hence, the evaluation sessions were completed 

quicker by the US-CHE participants than by the US-ICHE participants. There are two 
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explanations for the longer amount of time needed for the completion of the evaluation 

in the US-ICHE. One explanation is that each participant in the US-ICHE method 

evaluated the target system independently via actual evaluation session, meaning that the 

participants differed in terms of time. On the other hand, the participants in the US-CHE 

group performed the evaluation of the system collectively via the actual evaluation 

session, which means that the participants started and completed the actual evaluation 

session together. The second explanation is that the views of the participants of US-ICHE 

in the actual evaluation session were different, increasing the amount of time needed for 

the user review session. The obtained result will be compared with the UT results at a 

later stage. The efficiency metric was used for further analysis of the factors of the number 

of identified usability issues and the time spent. As can be seen in Table 5.14, US-CHE 

(efficiency = 0.32) was considered less effective than US-ICHE (efficiency= 0.34). 

However, it can be noted that the two methods did not differ significantly in terms of 

efficiency, and this similarity might be due to the fact that both methods included three 

sessions and therefore the time necessary to implement such sessions did not differ 

significantly. 

Usability measure 
US-

CHE 

US-

ICHE 

Exploration session (Time spent) 32 29 

Actual evaluation session (Time spent) 20 29 

Review session (Time spent) 19 27 

Total time spent by all evaluators (in minutes) 71 85 

 Average time per evaluators 17.75 21.25 

Table 5.13: Time taken by participants in US-CHE and US-ICHE in the third experiment 

 

Usability measure 
US-

CHE 

US-

ICHE 

Efficiency 0.32 0.34 

Table 5.14: Efficiency score for US-CHE and US-ICHE in the third experiment 

5.8.3 Number of usability problems discovered 

The analysis of this section starts by presenting the number of usability problems 

identified by US-HE, HE, US-CHE and US-CHE in the second and third experiment. 

Following this, the results of the overlapping and unique problems are presented and 

analysed further as they can help to determine whether one method can find an adequate 

number of usability problems on its own. A list of problems was obtained by 

consolidating all the problems identified by all evaluators and making sure to eliminate 

any duplicate problems within each method and between UEMs, as suggested in Section 

3.4.8.4.  
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Table 5.15 and Table 5.16 provide explanations for the total number of usability issues 

revealed by UEMs in the second and third experiment. However, any problems 

discovered by US-HE, HE, US-CHE and US-ICHE were coded as “predicted problems”. 

As recommended in Section 2.4.3 and Section 3.4.6.6, these problems will be examined 

regarding their realism later on, in Section 5.9.1. From Table 5.15 and Table 5.16, it is 

possible to conclude that, in the second experiment, the concomitant use of two different 

user session designs had a notable impact on HE in terms of the difference in the total 

number of usability issues that were detected. In addition, in the third experiment, the 

concomitant use of two different user session designs alongside different collaborative 

evaluation designs had a notable impact on HE. For the second experiment, US-HE and 

HE discovered 75% of all available usability issues. On the other hand, 48% of all 

available usability issues were uncovered with the HE method, which was consistent with 

previous findings that confirmed that HE could detect about 44% of usability issues 

(Desurvire et al., 1992a; Doubleday et al., 1997). For the third experiment, US-CHE and 

US-ICHE discovered 25% and 32% of all available usability issues, respectively. Both 

US-CHE and US-ICHE were based on collaborative assessment among participants. In 

other words, all participants shared their views by working collaboratively to present a 

list of problems and this certainly helped in their agreement on many usability issues. By 

contrast, participants in the US-HE and HE worked on their own and presented the list of 

problems individually. Statistical testing is needed for the following question on the basis 

of the obtained findings. It is necessary to clarify whether there is a significant difference 

between the number of problems detected by UEMs in both experiments. The answer to 

this question can be found with the help of the non-parametric test known as the Kruskal 

Wallis test. Thus, the Kruskal Wallis test with a significant level of 5% (0.05) was applied, 

demonstrating that it was very likely for a significant difference to exist between UEMs 

in terms of the identified usability issues. This conclusion was reached on the basis of p-

value = 0.000 (P < 0.05) (see Table 5.17). To achieve a Bonferroni correction, the p-value 

was multiplied by 4, which gave a corrected p-value of 0.000 (P < 0.05). Afterwards, 

pairwise comparisons were performed using Dunn’s method with a Bonferroni correction 

in order to decide which differences between methods were significant, according to the 

procedure presented in Section 3.6.3.1. As shown in Table 5.18, the post-hoc analysis 

revealed that there was a significant difference between HE and US-HE, between HE and 

US-CHE and between HE and US-ICHE. On the other hand, there was no significant 

difference between the other UEMs. 

From the above, it can be noted that all participants in the US-HE discovered more 

problems than the maximum problems detected by any participant in the HE method (see 

Table 5.15). The explanation for this may be that both user exploration session and user 

review session played an important role in the HE method. In addition, it can be noted 

that all participants in US-CHE and US-ICHE discovered more problems than the 

maximum problems detected by any participant in the US-HE and HE methods (see Table 

5.15 and Table 5.16). The explanation for this may be that both user exploration session 

and user review session with different collaborative evaluation designs played an 

important role in the HE method. This is due to the fact that the primary aim of the user 

exploration session is to explore the point of view of both users and evaluators regarding 
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the target website, while the user review session takes into account the users’ opinion 

during the review of the identified problems. On the other hand, there was not much 

difference in the performance of US-CHE evaluators compared to the US-ICHE method. 

This similarity in performance can be explained by the fact that both methods applied the 

same user sessions and differed only in the design of collaborative evaluation. However, 

the result differences between UEMs may not be the same after determining the realism 

of usability problems, as mentioned in Section  5.9.2.2, because both the real problems 

and false positive problems will be considered. In addition, it can be noted from Table 

5.15 that no participant in any method was able to detect more than 30% of the total 

problems of that method. This is consistent with the finding obtained by Nielsen (1995a), 

who analysed six projects and concluded that the detection capability of one participant 

was about 35%. On other hand, there was a striking finding, namely, that the detection 

rate for all participants in US-CHE and US-ICHE was high compared to other methods 

(HE and US-HE) in the second experiment. This striking conclusion seems logical 

because both US-CHE and US-ICHE in the third experiment were based on collaborative 

assessment among participants. In other words, all participants shared their views by 

working collaboratively to present a list of problems and this certainly helped in their 

agreement on many usability issues. By contrast, participants in the US-HE and HE in the 

second experiment worked on their own and presented the list of problems individually. 

In general, the obtained results demonstrate the difference between the performances of 

the UEMs in detecting usability issues on the same website. This effect is known as the 

‘method effect’.  

For further analysis, a comparison was undertaken to detect overlapping and unique 

usability issues between UEMs after the duplicate usability issues were removed 

(consolidation of the usability issues). The consolidation of usability issues identified by 

three UEMs revealed 73 duplicates from the total amount of usability problems (164 

usability issues). Thus, the total number of unique usability problems identified by three 

UEMs after removal of the duplicate issues was 91 usability issues. In other words, the 

overall number of unique issues identified in the targeted website was 91. UES-HE 

managed to reveal 62 (61%) of them, while UES-HE and HE managed to identify 43 

(43%) and 41 (41%), respectively (see Table 5.15 and Table 5.16). Figure 5.1 illustrates 

the overlapping and unique problems identified by all UEMs. Regarding unique 

problems, the US-HE method found more unique problems than the other methods, with 

23% of the problems not found by the other methods (19 of the total number of problems). 

Meanwhile, the URS-HE and HE methods both found a similar number of unique 

problems, 11% and 13%, respectively (9 and 11 of the total number of problems) (see 

Figure 5.1). Regarding the use of more than one method, Figure 5.1 also illustrates that 

the use of US-HE with HE methods obtained superior results (90%; 82 of a total of 91 

problems). Moreover, using both the US-HE and US-ICHE methods led to the 

identification of 82% of problems (75 of a total of 91 problems), while using the US-HE 

and US-CHE methods offered similar results, with 81% of problems being identified (74 

of a total of 91 problems). However, using US-CHE in combination with US-ICHE or 

HE, or using US-ICHE with HE did not produce optimal results, with just 52% and 59% 

of problems being identified, respectively. In summary, it can be argued that using US-
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HE in combination with other methods (US-CHE, US-ICHE or HE) produces more 

optimal results. Therefore, these results support the recommendation that using more than 

one UEM offers improved results and confirm that no single method can identify the most 

number of usability problems on its own. 

US-HE method HE method 

Participants No. 

No. of  

 problems 

revealed by  

each 

participant 

% of  

 problems 

revealed by  

each 

participant 

Participants No. 

No. of  

 problems 

revealed by  

each 

participant 

% of  

 problems 

revealed by  

each 

participant 

Evaluator 1 12 18% Evaluator 1 11 25% 

Evaluator 2 19 28% Evaluator 2 9 20% 

Evaluator 3 13 19% Evaluator 3 6 14% 

Evaluator 4 15 22% Evaluator 4 8 18% 

Evaluator 5 17 25% Evaluator 5 7 16% 

Evaluator 6 13 19% Evaluator 6 6 14% 

Evaluator 7 17 25% Evaluator 7 10 23% 

Evaluator 8 14 21% Evaluator 8 8 18% 

Evaluator 9 14 21% Evaluator 9 5 11% 

Evaluator 10 13 19% Evaluator 10 8 18% 

Evaluator 11 17 25% Evaluator 11 6 14% 

Evaluator 12 15 22% Evaluator 12 4 9% 

Evaluator 13 19 28% Evaluator 13 4 9% 

Evaluator 14 12 18% Evaluator 14 7 16% 

Evaluator 15 18 26% Evaluator 15 6 14% 

Evaluator 16 14 21% Evaluator 16 4 9% 

No. of problems 

revealed 

 by US-HE 

method 

68 

No. of problems 

revealed 

 by HE method 

44 

% of problems 

revealed 

 by US-HE 

method 

75% 

% of problems 

revealed 

 by HE method 

48% 

Table 5.15: Number and percentage of problems discovered by US-HE and HE method in the 

second experiment 
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US-CHE method US-ICHE method 

Participants No. 

No. of  
 problems 

revealed by  
each 

participant 

% of  
 problems 

revealed by  
each 

participant 

Participants No. 

No. of  
 problems 

revealed by  
each 

participant 

% of  
 problems 

revealed by  
each 

participant 

Evaluator 1 20 87% Evaluator 1 17 59% 

Evaluator 2 17 74% Evaluator 2 14 48% 

Evaluator 3 17 74% Evaluator 3 17 59% 

Evaluator 4 18 78% Evaluator 4 15 52% 

No. of problems 
revealed 
 by US-CHE 
method 

23 

No. of problems 
revealed 
 by US-ICHE 
method 

29 

% of problems 
revealed 
 by US-CHE 
method 

25% 

% of problems 
revealed 
 by US-ICHE 
method 

32% 

Table 5.16: Number and percentage of problems discovered by US-CHE and US-ICHE method 

in the third experiment 

Method Mean N Std. Deviation Sig. 

US-HE 15.13 16 2.391 

0.000 

US-

CHE 
18.00 4 1.414 

US-

ICHE 
15.75 4 1.500 

HE 6.81 16 2.105 

Note: “N” indicates the number of participants 

Table 5.17: Kruskal Wallis test on the number of problems detected by UEMs in the second and 

third experiment 
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Method 
Test 

statistic 
Std. error 

Std. test 

statistic 
Sig. Adj. Sig. 

US-HE – US-

CHE 
-8.312 6.506 -1.278 0.201 1.000 

US-HE – US-

ICHE 
-1.812 6.506 -0.279 0.781 1.000 

US-HE - HE 18.312 4.115 4.451 0.000 0.000 

US-CHE - 

US-ICHE 
6.500 8.229 0.790 0.430 1.000 

US-CHE - HE -26.625 6.506 -4.093 0.000 0.000 

US-ICHE - 

HE 
-20.125 6.506 -3.093 0.002 0.012 

Table 5.18: Post-hoc analysis with Bonferroni correction of number of problems detected by 

UEMs in the second and third experiment 
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Overlapping and unique problems between 

(US-HE) and (US-CHE) 

Overlapping and unique problems between 

(US-HE) and (US-ICHE) 

Overlapping and unique problems 

between (US-HE) and (HE) 

Overlapping and unique problems between 

(US-CHE) and (US-ICHE) 

    

Overlapping and unique problems between 

(US-CHE) and (HE) 

Overlapping and unique problems between 

(US-ICHE) and (HE) 
Overlapping and unique problems between all UEMs 

  

 

Figure 5.1: Venn diagrams of the overlapping and unique problems found by each UEM 
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5.8.4 Evaluators’ Satisfaction 
This section overviews the items of satisfaction measurement in the questionnaires 
administered following the evaluation sessions of US-HE, US-CHE, US-ICHE and HE 
in the second and third experiment. This measurement is a questionnaire of the System 
Usability Scale (SUS). The SUS aims to clarify the feelings of the evaluators in each of 
UEMs about the level of usability of the targeted website. This scale is useful because it 
enables the researcher to assess the evaluators’ experiences of the website in question. 
This was conducted once the evaluation sessions had been finalised by requesting that the 
evaluators complete the SUS questionnaire prior to the debriefing session. A ten questions 
questionnaire was used for the measurement (see Appendix C) with the System Usability 
Scale, in which the participants answered using the 5-point Likert scale, with 5 indicating 
strong agreement and 1 signifying strong disagreement. Afterwards, a single score is 
yielded by SUS on a scale from 0 to 100 to show the general website usability (Brooke, 
1996). The increase in the score implies the corresponding increase in the participants’ 
level of satisfaction towards the website. Bangor et al. (2009) gave a grading scale with 
the SUS, with a score of below 60 being the ‘F’ grade, between 60 and 69 the ‘D’ grade 
between 70 and 79 the ‘C’ grade between 80 and 89 the ‘B’ grade, and 90 or above the 
‘A’ grade ( see Figure 3.7). 

Table 5.19 presents the average percentage of all evaluators’ responses regarding the 
satisfaction with the usability of the targeted website. US-HE demonstrates the highest 
average satisfaction scores, at 53.13; and the number of usability issues detected by US-
HE was the highest (see Table 5.15 and Table 5.16). HE demonstrates the second highest 
average satisfaction scores, at 45; and the number of usability issues detected by HE was 
ranked the second highest amongst the rest of the methods (see Table 5.15 and Table 
5.16). The US-CHE method provided the third average of the satisfaction scores, at 36.88, 
while the number of usability issues detected by US-CHE was the lowest. The US-ICHE 
method provided the lowest average of the satisfaction scores, at 31.25, while the number 
of usability issues detected by US-ICHE was the third amongst the methods. These results 
show that the level of the evaluators’ satisfaction with the website is unaffected by the 
amount of discovered usability issues. The number of those evaluators who provided the 
answers to every SUS item of every method is presented in Appendix H. Overall, the 
average SUS score of the targeted website was 41.56 (see Table 5.19), while the average 
SUS score was 68 (Thomas, 2015). This score corresponded to an ‘F’ usability grade, 
with the satisfaction level of usability lower than expected (Bangor et al., 2009). 

 US-HE US-CHE US-ICHE HE The overall average of SUS score 

Average of SUS 53.13 36.88 31.25 45 41.56 

Table 5.19: The average percentages of overall evaluators’ satisfaction with the usability of the 
targeted website 

Notwithstanding the fact that a SUS questionnaire is viewed as an efficient assessment 
tool that can be applied to calculate a products’ usability, in particular websites it is still 
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needed to obtain information which presents how the numeric score is translated into an 
absolute usability judgment. It was also added by Bangor et al. (2009) that there is an 
adjective rating scale relevant to the SUS Score; it facilitates interpretation of the SUS 
Score numeric value and explains the obtained outputs to non-human factors 
professionals. There is a seven point scale developed by Bangor et al. (2009) which adds 
an item of user-friendliness to the SUS ten questions, with 1 and 7 respectively denoting 
dissatisfaction and high satisfaction (see Figure 3.8). This addition is applied in the 
present thesis. The number of evaluators who provided the answers to every adjective 
rating scale item of every method is presented in Appendix H. Table 5.20 presents the 
average percentage of all evaluators’ responses regarding the satisfaction in term of 
positive and negative items. The percentage of 18.8% that US-HE obtained in terms of 
positive responses (Good + Excellent + Best imaginable) was lower than the negative 
responses of US-HE (75.00%). The percentage of satisfaction from the positive responses 
is lower than the negative responses for US-CHE, US-ICHE and HE (see Table 5.20). 
These results indicate that the percentage of satisfaction from the positive responses is 
lower than negative responses for all UEMs. The majority of the evaluators were 
unsatisfied with the degree of usability of the website, therefore it can be stated that none 
of the three UEMs found it usable. The evaluators’ attitude is consistent with the 
responses given in the adjective rating for the SUS score (see Table 5.19) and SUS 
questionnaire (see Table 5.20) in terms of the satisfaction level and impressions regarding 
the evaluated website. For instance, approximately 50 % of responses that the evaluators 
provided are negative (Table 5.20) in all UEMs. Moreover, the average SUS score of the 
targeted website was 41.56 (see Table 5.19), while the average SUS score was 68. Both 
the SUS score and adjective rating for the SUS score are an indication of dissatisfaction 
of the evaluators with their experience of testing the website. Overall, the users 
demonstrate a low satisfaction level regarding the evaluated website.  

 US-HE US-CHE US-ICHE HE 

Average negative (Worst imaginable + Awful + Poor) 75.00% 50.00% 75.00% 56.25% 

OK 6.25% 50.00% 25.00% 31.25% 

Average positive (Good + Excellent + Best imaginable) 18.8% 0.0% 0.0% 12.5% 

Table 5.20: Overall Adjective Rating for SUS Score 

5.8.5 Categories of usability problems 
Comparison between UEMs based on heuristics of usability (US-HE, US-CHE, US-ICHE 
and HE) was done via qualitative assessment in terms of the category of heuristics of the 
discovered usability problems in this study. These heuristics are Nielsen's heuristics, 
which consist of ten categories, as mentioned in Section 2.3.4.3.1. Those specified 
categories can facilitate the evaluation of the performance exhibited by each UEM 
through a procedure of matching the identified usability problems to the HE categories of 
heuristics (Nielsen, 1994a). Furthermore, it contributes to the comparison between the 
results identified in this study and those from the previous studies. The role of the 
independent evaluators was to determine the categories for the problems after the 



Chapter 5 : The Impact of User Session on the Heuristic Evaluation 

156 

usability problems were approved by evaluators. Problems that were difficult to relate to 
one of the ten heuristics were placed in a new category called ‘Unclassified problems’ 
(Chattratichart and Lindgaard, 2008). Table 5.21 shows the categories of usability 
problems identified by independent evaluators for each UEM. 

According to the results from Table 5.21, the comparison of UEMs revealed that US-HE 
was more effective as there were more usability problems related to the heuristics as 
contrasted to other UEMs in all categories except ‘Help users recognise, diagnose, and 
recover from errors’. Nevertheless, the efficiency of two out of the ten US-CHE heuristics 
was higher, while the other heuristics demonstrated failure in exposing a sufficient 
number of usability problems. The efficiency of three out of the ten US-ICHE heuristics 
was higher, while the other heuristics demonstrated failure in exposing a sufficient 
number of usability problems. Regarding the HE method, the efficiency of three out of 
the ten HE heuristics was higher, while the other heuristics demonstrated failure in 
exposing a sufficient number of usability problems. The common weaknesses of dynamic 
website in the UEMs are presented in Table 5.21 as ‘Consistency and standards’ and 
‘Aesthetic and minimalist design’. The ‘Consistency and standards’ category was 
consistent with some previous studies such as Díaz et al. (2017), Choi and Bakken (2010), 
Quiñones et al. (2014), Boskovic and Borovina (2013) and Kostaras and Xenos (2007), 
while ‘Aesthetic and minimalist design’ category was consistent with some previous 
studies such as Choi and Bakken (2010), Boskovic and Borovina (2013) and Kostaras 
and Xenos (2007). In contrast, the categories with the fewest violations were ‘Help and 
documentation’, ‘Help users recognise, diagnose, and recover from errors’ and ‘Error 
prevention’. The first category (Help and documentation) was consistent with  Díaz et al. 
(2017), Quiñones et al. (2014), Boskovic and Borovina (2013) and Kostaras and Xenos 
(2007), while the second category (Help users recognise, diagnose, and recover from 
errors) was consistent with Choi and Bakken (2010), Boskovic and Borovina (2013) and 
Kostaras and Xenos (2007). The third category (Error prevention) was consistent with 
Quiñones et al. (2014), Boskovic and Borovina (2013) and Kostaras and Xenos (2007). 
According to Díaz et al. (2017), one of the common weaknesses of dynamic websites is 
the area of ‘Error prevention’, and the above assumption contrasts this idea. In general, 
these results indicate that the HE method cannot cover all usability categories compared 
to the rest of the UEMs and this is consistent with Alsumait and Al-Osaimi (2010). By 
contrast, HE methods that relied on a user session showed some improvement in their 
performance in terms of coverage of usability problem categories in the case of 
independent evaluation of evaluators. This is in contrast to cooperative assessment 
methods (US-CHE and US-ICHE) among evaluators that showed similar performance to 
the HE method. 

Heuristics US-HE US-CHE US-ICHE HE Total 

1. Visibility of system status 4 2 3 2 4 

2. Match between system and the real world 5 1 2 1 6 

3. User control and freedom 5 2 2 2 5 
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4. Consistency and standards 26 9 9 8 31 

5. Error prevention 2 0 0 1 3 

6. Recognition rather than recall 10 1 4 3 10 

7. Flexibility and efficiency of use 12 3 6 6 13 

8. Aesthetic and minimalist design 10 6 6 7 16 

9. Help users recognise, diagnose, and recover 
from errors 2 1 1 3 3 

10. Help and documentation 1 0 1 0 1 

Unclassified problems 6 1 3 3 7 

Total problems without repetition 59 20 27 28 83 

Table 5.21: The categories of usability problems on the basis of heuristics of usability 

5.9 Comparative analysis 

This part offers a comparison across the UEMs through an in-depth analysis, but this 
comparison must be based on the real usability problems. However, identification of 
problem sets from some UEMs can have particular risks; for instance, usability inspection 
methods that depend on the point of view of the evaluator can produce problems that 
cannot be referred to as real problems in the use context of real work. Hence, it is essential 
to present the results of the realness of usability problems before starting to compare 
UEMs as follows: 

5.9.1 Specifying realness of the usability issues 
All issues identified by observers using the UT method were considered as real usability 
problems because the method was driven by users, as mentioned in Section 2.4.3. In 
contrast, any usability issues detected by evaluators during the process of UES-HE, URS-
HE, or HE methods were predicted problems because they were identified based on the 
evaluator’s experience, which represents the subjective judgments of the evaluator. 
Therefore, some of the predicted problems were coded as “false positives” because they 
did not pose any hindrance to users during real usage. These kinds of problems should 
eventually be removed from the final list of consolidated problems. Accordingly, the 
realness of a usability problem becomes more critical with methods that depend on 
subjective judgments of the evaluator. Expert review and judgment are one of the 
techniques that can be employed to determine the realness of a usability problem (Hartson 
et al., 2003).Accordingly, this role was adopted by two independent evaluators depending 
on their experience, as mentioned in Section 3.4.6.6. Before deciding the realness of 
usability issues, the comparison between the problems exposed by US-HE and HE in the 
second experiment with UT method revealed that the UT method confirmed 22 issues 
from the US-HE method, proving that those identified issues were real usability problems 
(see Table 5.22). In addition, UT confirmed 10 issues from HE, proving that those issues 
were real as well. For the third experiment, the comparison between the problems exposed 
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by US-CHE and US-ICHE with UT method revealed that UT confirmed seven issues 
from US-CHE and 10 issues from US-ICHE, proving that those issues were real usability 
problems. Meanwhile, for the rest of the usability issues that UT did not confirm, their 
realness was determined by two independent experts (see Table 5.22). According to the 
results of determining the realness of usability issues, there were 38 issues from the US-
HE method confirmed as real usability problems, while the number of false positives was 
8. In addition, there were 18 issues from the HE method confirmed as real usability 
problems, while the number of false positives was 16. For the third experiment, there 
were 13 issues from the US-CHE method confirmed as real usability problems, while the 
number of false positives was 3. Furthermore, US-ICHE identified 17 usability issues that 
were confirmed to be real usability problems, while the number of false positives was 2. 

	 US-HE	 HE	 US-CHE	 US-ICHE	
Usability	issues	confirmed	as	real	problems	by	
UT	method	 22	 10	 7	 10	
Usability	issues	confirmed	as	real	problems	by	
determining	the	realness	 38	 18	 13	 17	
Usability	issues	confirmed	as	false	positives	
problems	by	determining	the	realness	 8	 16	 3	 2	

Table 5.22: Specifying realness of the usability issues in the second and third experiment 

5.9.2 Performance of UEMs 

5.9.2.1 Time spent 
Table 5.23 presents the time spent for completion of the UEMs in the second and third 
experiments. Thus, it can be seen that US-HE had the highest average score of time spent 
(56.13 minutes), followed by UT (32.85 minutes), US-ICHE (21.25 minutes), HE (19.44 
minutes) and US-CHE (17.75 minutes). The question to be addressed is related to whether 
there was a significant difference between the performances of UEMs in terms of time 
spent. Thus, the Kruskal-Wallis test was selected at a significance level of 5% for the 
identification of significant differences, if any, among the different methods in terms of 
time spent. According to the findings in Table 5.24 and the conclusions derived from the 
Kruskal-Wallis test, it is highly likely that there were significant differences between the 
results obtained through the different methods, with p < 0.05. Dunn’s method with a 
Bonferroni correction was subsequently applied to perform pairwise comparisons with 
the purpose of determining which differences between the methods were significant. 
Thus, the post-hoc analysis test (see Table 5.25) indicated that there was significant 
difference among all UEMs except the US-CHE with HE, US-CHE with US-ICHE, HE 
with US-ICHE, and US-ICHE with UT. An additional statistical question is related to 
whether there was any relationship between the time spent by participants and the number 
of detected usability issues. To address this question, the Pearson correlation test was 
conducted, revealing a moderate positive correlation between the time spent and 
identified usability issues, with p-value < 0.05 (see Table 5.26). This result provided 
statistical indicate that the longer the time spent, the more usability issues an evaluator 
could find. 
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Usability measure US-HE US-CHE US-ICHE HE UT 

Exploration session (Time spent) 316 32 29 - - 

Actual evaluation session or user 
testing session (Time spent) 376 20 29 311 657 

Review session (Time spent) 206 19 27 - - 

Total time spent by all evaluators 
(in minutes) 898 71 85 311 657 

 Average time per evaluators 56.13 17.75 21.25 19.44 32.85 

Table 5.23: Time taken by participants in US-HE, US-CHE, US-ICHE, HE and UT in the 
second and third experiment 

 Method Mean N Std. Deviation Sig. 

Time 

US-HE 56.13 16 8.516 

0.000 

HE 19.44 16 3.032 

UT 32.85 20 5.373 

US-CHE 17.75 4 .000 

US-ICHE 21.25 4 .000 

Note: “N” indicates the number of participants 

Table 5.24: Kruskal Wallis test on time spent for US-HE, US-CHE, US-ICHE, HE and UT in 
the second and third experiment 

 Method Test 
statistic 

Std. 
error 

Std. test 
statistic Sig. Adj. 

Sig. 

Time 

US-CHE - HE  5.031 9.757 0.516 0.606 1.000 

US-CHE - US-ICHE -10.000 12.342 -0.810 0.418 1.000 

US-CHE - UT 27.075 9.560 2.832 0.005 0.046 

US-CHE - US-HE 44.875 9.757 4.599 0.000 0.000 

HE - US-ICHE -4.969 9.757 -0.509 0.611 1.000 

HE - UT -22.044 5.854 -3.766 0.000 0.002 

HE - US-HE 39.844 6.171 6.457 0.000 0.000 

US-ICHE - UT 17.075 9.560 1.786 0.074 0.741 

US-ICHE - US-HE 34.875 9.757 3.574 0.000 0.004 

UT - US-HE 17.800 5.854 3.041 0.002 0.024 

Table 5.25: Post-Hoc analysis with Bonferroni correction of time spent for US-HE, US-CHE, 
US-ICHE, HE and UT in the second and third experiment 

  Total Time & Total Problems 

Pearson Correlation 0.485 

Sig. (2-tailed) 0.000 
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Table 5.26: Pearson Correlation 

5.9.2.2 Number of usability problems discovered 
After displaying the results of determining the realness of usability issues as mentioned 
above, this section of the presentation of the research results involves comparing the 
results of the three methods referred to in Section 5.8.3 with the results of determining 
the realness of usability issues referred to in Section 5.9.1. In addition, it presents the 
results of the UT method referred to in Section 5.7.3. This further analysis aimed to 
conduct a rigorous comparison depending on the real problems to increase the quality of 
research. Therefore, the results in Section 5.8.3 are reduced in this section as a result of 
conducting a rigorous and more thorough comparison. 

After determining the realness of usability issues, as mentioned in Section 5.9.1, a number 
of 83 unique problems found by all UEMs in the second and third experiments were 
established to be real problems. As shown in Table 5.27, the US-HE method identified 
72% of the total number of real problems in the second experiment. This method is 
deemed to be satisfactory because it outperformed all other UEMs. The UT and HE 
methods respectively identified only 47% and 34% of the total number of real problems, 
so their results are unsatisfactory. Accordingly, it is possible to conclude that the US-HE 
method was the method with the highest performance in discovering real problems, 
followed by UT and HE. The results of these two methods (UT and HE) were consistent 
with the results of UT and HE in the first experiment, with some variation in the results 
as mentioned in Section 4.9.2.2. For the third experiment, the US-ICHE method identified 
33% of the total number of real problems, as displayed in Table 5.27. On the other hand, 
the US-ICHE method identified 24% of the total number of real problems. 

The above results clearly indicate the positive role of the user session impact on the 
traditional method (HE). More specifically, adding a user exploration session as well as 
a user review session to the traditional method resulted in the discovery of more than 
double the number of problems detected by the HE method. In addition, the conclusion 
regarding the impact of the user session was confirmed by adding the two previous types 
of user session to two different designs of collaborative evaluation methods (US-ICHE 
and US-CHE) that resulted in better results than the HE method. With regard to false 
problems, this type of problem is one of the main defects of the HE method. False 
problems are a major limitation of the HE method and therefore this method seeks to 
minimise this type of problem as much as possible. The results again indicated the 
positive effect of the user session on the HE method, as 2, 3,8 and 16 false problems were 
identified by US-ICHE, US-CHE, US-HE and HE, respectively.  

 US-HE 
method 

US-CHE 
method 

US-ICHE 
method 

HE 
method 

UT 
method 

No. of discovered problems 60 20 27 28 39 

Percentage of discovered 
problems 72% 24% 33% 34% 47% 
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Table 5.27: Usability methods and discovered usability problems 

 US-HE 
method 

US-CHE 
method 

US-ICHE 
method HE method UT method Total 

1: Cosmetic 20 87% 4 17% 6 26% 7 30% 8 35% 23 

2: Minor 18 62% 7 24% 8 28% 11 38% 11 38% 29 

3: Major 17 68% 7 28% 10 40% 8 32% 15 60% 25 

4: Catastrophic 5 83% 2 33% 3 50% 2 33% 5 83% 6 

Table 5.28: Usability methods and severity rating of usability problems 

Despite the previous results, statistical testing was required to determine whether the 
performances of UEMs differed significantly in terms of the identified usability problems. 
Hence, the Kruskal Wallis test with a significant level of 5% (0.05) was implemented. 
This test proved that a significant difference between UEMs in the second and third 
experiment was very likely in terms of identified usability issues. This conclusion was 
reached on the basis of p-value = 0.000 (P < 0.05) (see Table 5.17). To achieve a 
Bonferroni correction, the p-value was multiplied by 5, giving a corrected p-value of 
0.000 (P < 0.05). Thus, the impact of the method on the obtained results was confirmed 
by those results where the performance of the method demonstrated a statistical 
difference. In order to decide which differences between methods were significant, 
pairwise comparisons were performed using Dunn’s method with a Bonferroni 
correction. As shown in Table 10, the post-hoc analysis indicated that there was a 
significant difference among all UEMs, except between US-ICHE and UT, between US-
HE and US-CHE, and between US-HE and US-CHE. 

Method Mean N Std. Deviation Sig. 

US-HE 14.06 16 2.323 

0.000 

HE 4.69 16 1.580 

UT 8.85 20 2.323 

US-CHE 16.25 4 1.258 

US-ICHE 15.25 4 1.708 

Note: “N” indicates number of participants 

Table 5.29: Kruskal Wallis test on number of problems detected by UEMs in the second and 
third experiment 
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Method Test statistic Std. error Std. test statistic Sig. Adj. Sig. 

UT - HE -17.006 5.842 -2.911 0.004 0.036 

US-HE - HE 35.906 6.158 5.831 0.000 0.000 

US-ICHE - HE -40.781 9.737 -4.188 0.000 0.000 

US-CHE - HE -44.156 9.737 -4.535 0.000 0.000 

UT - US 18.900 5.842 3.235 0.001 0.012 

UT - US-ICHE -23.775 9.540 -2.492 0.013 0.127 

UT - US-CHE -27.150 9.540 -2.846 0.004 0.044 

US-HE – US-ICHE -4.875 9.737 -0.501 0.617 1.000 

US-HE – US-CHE -8.250 9.737 -0.847 0.397 1.000 

US-CHE - US-ICHE 3.375 12.316 0.274 0.784 1.000 

Table 5.30: Post-hoc analysis with Bonferroni correction of number of problems detected by 
UEMs in the second and third experiment 

With regard to the severity rating for each UEM, Table 5.28 includes the number of 
cosmetic, minor, major, and catastrophic usability problems for each of these methods.  
The US-HE method demonstrated a higher performance than the rest of the methods, in 
that it was able to detect most of all types of usability problems discovered. More 
specifically, 87% of the total cosmetic problems were detected by US-HE compared to 
17%, 26%, 30% and 35% for US-CHE, US-ICHE, HE and UT, respectively. 62% of all 
minor problems were detected by US-HE compared to 24%, 28%, 38%, and 38% for US-
CHE, US-ICHE, HE and UT, respectively. 68% of the total major problems were revealed 
by US-HE compared to 28%, 40%, 32% and 60% for US-CHE, US-ICHE, HE and UT, 
respectively. Finally, 83% of total catastrophic problems were revealed by US-HE 
compared to 33%, 50%, 33% and 83% for US-CHE, US-ICHE, HE and UT, respectively. 

One of the most interesting recommendations in the usability field is the use of more than 
one UEM to improve the results (Fernandez et al., 2011), especially of the HE and UT 
methods (Paz et al., 2015b; Tan et al., 2009; Fu et al., 2002; Sauro, 2012). This 
recommendation is based on the argument that each method can find unique real problems 
that cannot be detected by other UEMs, and that each method has advantages and 
disadvantages. Therefore, each method can be used as complementary to the other 
methods. In this section, this argument is examined to determine whether it should be 
accepted or rejected. Figure 5.2 illustrates the unique real problems identified by all 
UEMs. The US-HE method found more unique problems than the other methods, with 
13% of the problems not found by the other methods (11 of the total number of real 
problems). The next most satisfactory result was generated by the UT method, which 
identified 11% of the unique real problems (9 of the total number of real problems). The 
lowest number of unique real problems was identified by US-ICHE and HE, with 4% (3 
of the total number of real problems) and 1% (1 of the total number of real problems), 
respectively. In contrast, the US-CHE method was unable to detect any unique problem. 
This means that all problems revealed by the US-CHE were detected by other methods. 
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Table 5.31 lists the unique real problems that were discovered by each of the UEM in 
term of severity rating. The US-HE method identified six cosmetic, four minor and one 
major problems that were not discovered by other methods. Thus, it found more cosmetic 
problems than the other methods. The UT method found seven minor and two major 
problems that were not discovered by other methods; hence, it provided more satisfactory 
results in terms of minor problems. The US-ICHE method found one cosmetic, one minor, 
and one major problem, whereas the HE method found one major problem. However, 
none of these methods were able to detect any catastrophic problem on their own.  

Regarding the use of two methods together, Figure 5.2 also illustrates that the use of US-
HE with UT led to superior results (93%; 77 out of a total of 83 real problems). In addition 
to finding a greater number of problems overall, the combined use of those two methods 
was also superior in terms of the minor and major of usability problems, in that it 
identified 26 minor and 23 major problems beyond those found by other methods. Using 
both the US-HE and US-ICHE methods led to the identification of 81% of problems (67 
of a total of 82 real problems). Using the US-HE and HE methods together also led to 
optimal results (80%; 66 out of a total of 82 real problems). The combination of US-HE 
and US-CHE also led to the detection of more than 70% of the total problems (77%), 
whereas other combinations led to identification of less than 70% of problems, as shown 
in Table 5.31. In summary, it can be argued that using US-HE in combination with UT 
produces more optimal results. In addition, combining the US-HE method with each of 
the UT, US-ICHE, HE or US-ICHE methods can also yield optimal results. It is 
interesting that these optimal results have always included the use of the US-HE method 
with all other methods, which shows the outstanding performance of the US-HE method. 
Therefore, these results support the recommendation that using more than one UEM 
offers improved results and confirm that no single method can identify the most number 
of usability problems on its own, which is consistent with the previous studies mentioned 
above. 
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Figure 5.2: Venn diagrams of the overlapping and unique real problems found by each UEM 

 

 Methods Cosmetic Minor Major Catastrophic Total usability issues 

Unique real problems 

US-HE  6 4 1 0 11 13% 

US-CHE  0 0 0 0 0 0% 

US-ICHE  1 1 1 0 3 4% 

HE  0 0 1 0 1 1% 

UT  0 7 2 0 9 11% 

Total overlapping real problems 

US-HE and US-CHE 4 6 4 2 16 19% 

US-HE and US-ICHE 4 5 8 3 20 24% 

US-HE and HE 6 9 6 1 22 27% 

US-HE and UT 6 3 9 4 22 27% 
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US-CHE and US-ICHE 1 1 1 2 5 6% 

US-CHE and HE 2 5 3 1 11 13% 

US-CHE and UT 0 0 5 2 7 8% 

US-ICHE and HE 1 4 1 1 7 8% 

US-ICHE and UT 2 1 5 2 10 12% 

HE and UT 3 1 4 2 10 12% 

Total overlapping and unique real problems 

US-HE and US-CHE 20 19 20 5 64 77% 

US-HE and US-ICHE 22 21 19 5 67 81% 

US-HE and HE 21 20 19 6 66 80% 

US-HE and UT 22 26 23 6 77 93% 

US-CHE and US-ICHE 9 14 16 3 42 51% 

US-CHE and HE 9 13 12 3 37 45% 

US-CHE and UT 12 18 17 5 52 63% 

US-ICHE and HE 12 15 17 4 48 58% 

US-ICHE and UT 12 18 20 6 56 67% 

HE and UT 12 21 19 5 57 69% 

Table 5.31: Severity rating and unique real problems found by each UE
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The measurement of reliability of US-HE and HE revealed a difference between them, 
where the results were 17% and 10%, respectively. This means that fewer unique 
problems were identified by evaluators with US-HE than with HE. Table 5.32 shows that 
the US-CHE method gave a highest result in term of the measurement of reliability. Such 
high agreement between the evaluators of the US-CHE method can be attributed to the 
cooperative action between the evaluators, as a result of which evaluators influenced each 
other’s opinions. In contrast, Table 5.32 shows that the US-ICHE method gave a lower 
result than the US-CHE method. This can be explained by the fact that the evaluators in 
US-ICHE evaluated the system independently within the actual assessment session, and 
therefore they did not influence each other’s opinions significantly. Thus, the 
collaborative methods in this thesis were more reliable than the traditional method, which 
is consistent with Petrie and Buykx (2010). This means that, compared to methods based 
on collaborative assessment, HE helps evaluators to discover a greater number of unique 
problems. The corresponding comparison of the obtained results in the second and third 
experiments with the results from previous studies is presented in Table 5.32. The result 
of HE in this study was close to the result of HE in the first experiment. In contrast, the 
method of US-HE in this study showed better results than the UES-HE and URS-HE in 
the first experiment. 

Study UEM Reliability 

Hornbæk and Frøkjær (2004) HE 7.2% 

Nielsen and Molich (1990) HE 26% 

Hertzum and Jacobsen (2003) HE 

- Non-expert evaluators: Ranging 
from 9% to 26% 
- Expert evaluators: Ranging from 
5% to 45% 

Petrie and Buykx (2010) - HE 
-CHE 

- 8.9% 
- 91.6% 

First experiment 
- UES-HE 
- URS-HE 
- HE 

- 11% 
- 9% 
- 8% 

Second and third experiment 

- US-HE 
- US-CHE 
- US-ICHE 
- HE 

- 17% 
- 74% 
- 45% 
- 10% 

Table 5.32: Results of experiments in terms of reliability, as compared with the findings of 
previous studies 

5.9.2.3 Usability evaluation method (UEM) performance Metrics 
Application of the performance metrics of usability presented in Section 2.4.3 has the 
following consequences. 

5.9.2.3.1 Validity 
According to Andre et al. (2003), “validity is a measure of how well a UEM rejects false 
positives”. Table 5.33 presents the validity results of UEMs used in the second and third 
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experiment. The US-ICHE provided the perfect result in terms of validity at 93.1%. Both 
US-HE and US-CHE methods yielded satisfactory results at 88.2% and 87.0%, 
respectively. That means both of the proposed methods have acceptable validity and there 
are no significant false problems.  In term of the UT method, it makes sense that it 
achieved the best performance in terms of validity at 100% and the reason behind this is 
that all the problems resulting from such a method are characterised as real problems and 
there were no false problems because the method is derived directly from the user's 
observation. However, the HE method was prone to false problems and offered 
unsatisfactory results at 63.6% (see Table 5.33). 
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Methods 
Total usability 

issues 
0: not a problem 1: Cosmetic 2: Minor 3: Major 4: Catastrophic 

Total real  

usability  

problem 

Validity 

US-HE 68 8 11.8% 20 29.9% 18 26.5% 17 25.0% 5 7.4% 60 0.88 88.2% 

US-CHE 23 3 13.0% 4 17.4% 7 30.4% 7 30.4% 2 8.7% 20 0.87 87.0% 

US-ICHE 29 2 6.9% 6 20.7% 8 27.6% 10 34.5% 3 10.3% 27 0.93 93.1% 

HE 44 16 36.4% 7 15.9% 11 25.0% 8 18.2% 2 4.5% 28 0.64 63.6% 

UT 39 0 0.0% 8 20.5% 11 28.2% 15 38.5% 5 12.8% 39 1.00 100.0% 

Table 5.33: Validity of usability evaluation methods in the second and third experiment 
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5.9.2.3.2 Thoroughness 
According to Andre et al. (2003), “thoroughness is a measure of how well a UEM finds 

real problems”. That means that thoroughness is required to determine the realness of 

usability problems. Thus, measuring the thoroughness of each method can be achieved 

by dividing the total number of real problems identified by a specific method by the real 

problems discovered by all the methods. Table 5.34 shows that the US-HE method offered 

satisfactory thoroughness at 72.0%, whereas the results of the UT, HE and US-ICHE 

methods were unsatisfactory at 47.6%, 34.1% and 32.9%, respectively. Meanwhile, at 

24.4%, the thoroughness of the US-CHE method was the worst. 

Methods 
Real usability  

problems 

Total real  

usability  

problems 

Thoroughness 

US-HE 60 

82 

0.73 73.2% 

US-CHE 20 0.24 24.4% 

US-ICHE 27 0.33 32.9% 

HE 28 0.34 34.1% 

UT 39 0.48 47.6% 

Table 5.34: Thoroughness of usability evaluation methods in the second and third experiment 

5.9.2.3.3 Effectiveness 
After obtaining the validity and thoroughness of all the UEMs, the effectiveness of each 

usability evaluation method was assessed through multiplication of validity by 

thoroughness. Among all UEMs, as shown in Table 5.35, both the US-HE method and 

UT method outperformed all the other methods in terms of effectiveness, demonstrating 

the capability of identifying about half of the total number of usability problems present 

in the system, at 63.4% and 47.6%, respectively. The results of the other methods were 

unsatisfactory, with the effectiveness result of the US-ICHE method showing that this 

method identified only about 38.7% of the total number of usability problems present in 

the system. The effectiveness of the US-CHE and HE methods was the worst, at 21.2% 

and 21.7%, respectively. 

Methods Validity Thoroughness Effectiveness 

US-HE 0.88 88.2% 0.73 73.2% 0.65 64.6% 

US-CHE 0.87 87.0% 0.24 24.4% 0.21 21.2% 

US-ICHE 1.17 117.4% 0.33 32.9% 0.39 38.7% 

HE 0.64 63.6% 0.34 34.1% 0.22 21.7% 

UT 1 100.0% 0.48 47.6% 0.48 47.6% 

Table 5.35: Effectiveness of usability evaluation methods in the second and third experiment 
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5.9.3 Cost of Employing UEMs 

There is a lack of comparative research investigating the cost of applying UEMs. Thus, 

this study sought to address this matter by documenting the amount of time necessary to 

perform UEM and analysing the outcomes of every UEM method. Evaluation time is the 

duration needed to complete evaluation/testing sessions. Analysis time is the estimated 

duration needed to extract the usability problems from the evaluation data and merge the 

results into a consolidated list of every method. The approximate participant cost of 

employing every UEM is presented in Table 5.36 with the estimation of the financial 

costs incurred per usability problem. The data in Table 5.36 show the total time spent on 

applying the four UEMs used in the second and third experiment, and subsequent analysis 

of the results. Thus, it is evident that the US-HE method took longest to complete (29.4 

hours), while US-CHE and US-ICHE were completed quickest (3.5 hours and 3.8 hours, 

respectively). The duration of HE and UT method was 10.7 hours and 26 hours, 

respectively (see Table 5.36).  

It is reasonable to compare financial costs in a business environment required to conduct 

the UEM. The financial cost of all UEMs was obtained by multiplying the hours the 

participants spent on conducting the method and the hours spent on analysing the results 

of each method by the participant cost per hour and rounding the obtained figure to the 

nearest dollar. According to Nielsen (1994b), the daily charge rate of the evaluators is on 

average $100 per hour. However, if a quality improvement is identified that offers only a 

slight improvement for a considerably higher cost, the additional investment might not be 

assessed as worthwhile. Table 5.36 shows that the average participant cost of the HE 

method and the US-CHE method was $ 67 and $ 69.67, respectively; thus, these methods 

were less expensive than the US-CHE method ($ 76), the UT method ($ 130), and the 

US-HE method ($ 146.75). 

According to Martin et al. (2014), “Comparing the costs by number of problems 

discovered by each method can identify the most cost-effective usability method.”. Thus, 

it is possible to deduce the financial cost per problem via comparison between the 

financial costs of every method and the number of identified usability problems (Martin 

et al., 2014). The lowest cost per problem was demonstrated by the US-ICHE method ($ 

14), followed by the US-CHE method ($ 17), HE method ($ 38), US-HE ($ 49), and UT 

method ($ 67). Thus, the results show that the most cost-effective method was the US-

ICHE method, followed by the US-CHE, HE, US-HE, and UT methods (se Table 5.36). 



Chapter 5 : The Impact of User Session on the Heuristic Evaluation 

172 

 
US-HE US-CHE US-ICHE HE UT 

Evaluation/testing Session: 

Total time spent by all 

participants - (minutes) 

898 71 85 311 657 

User session: Total time spent 

by users participating in a user 

session - (minutes) 

522 51 56 - - 

Analysis session by evaluators 

(debriefing session) - (minutes) 
41 27 27 28 - 

Analysis time by researcher - 

(hours) 
5 1 1 5 15 

Total time (evaluation/testing 

time + analysis time) - (hours) 
29.4 3.5 3.8 10.7 26 

Evaluators/users cost $ 2,935 $ 348 $ 380 $ 1,065 $ 2,595 

Average evaluator/user cost $ 146.75 $ 69.67 $ 76 $ 67 $ 130 

Finical costs per problem $ 49 $ 17 $ 14 $ 38 $ 67 

Table 5.36: Costs of employing the UEMs in the second and third experiment 

The data in Table 5.37 demonstrate that, in terms of the ability to detect real usability 

issues with the user interface, UE-HE had higher thoroughness and effectiveness 

compared to the other methods. UT performed second best in terms of identification of 

real problems, followed by US-ICHE, HE and US-CHE. Table 5.37 demonstrates that 

both US-ICHE method and US-CHE method had higher efficiency as contrasted with the 

other methods in terms of the identification of the overall number of real problems 

associated with the overall time spent. On the other hand, as can be seen in Table 5.37, 

HE was the cheapest to use, followed by US-CHE and US-ICHE, while the UT and US-

HE method was the most expensive. Although US-HE came in last place, in terms of least 

expensive cost per participant, it provided better results compared to the UT in terms of 

financial costs per usability problem (see Table 5.37). US-ICHE and US-CHE were the 

cheapest methods in terms of financial costs per usability problem. 

       Metrics 

 

Methods 

Efficiency Validity Thoroughness Effectiveness 
Cost per 

participant 

Finical costs 

per problem 

US-HE 0.07 88.2% 73.2% 64.6% $ 146.75 $ 49 

US-CHE 0.28 87.0% 24.4% 21.2% $ 69.67 $ 17 

US-ICHE 0.32 93.1% 32.9% 38.7% $ 76 $ 14 

HE 0.09 63.6% 34.1% 21.7% $ 67 $ 38 

UT 0.06 100% 47.6% 47.6% $ 130 $ 67 

Table 5.37: Metrics comparison between UEMs in the second and third experiment 
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5.9.4 The relationship between participant numbers and the usability 

problems discovered 

One of the main objectives of this thesis is to investigate the relation between the sample 

size and the quantity of usability problems discovered by each UEM. In the first 

experiment, the results did not confirm the expected performance of the magic number (5 

participants), as mentioned in Section 4.9.4.1. However, in the second and third 

experiments, Section 5.9.2.2 mentions that such percentages were not reported by any of 

the UEMs, although HE and US-HE included 16 evaluators each, US-CHE and US-ICHE 

included 4 evaluators each, and UT included 20 users. These results are consistent with 

the results of the first experiment. Thus, the argument about ‘five participants’ as a 

sufficient number for usability testing is controversial and debatable. Although 16 

evaluators or 20 users in the second experiment and 4 evaluators in the third experiment 

failed to detect 80% of usability problems, a comparison of the percentages of exposed 

issues from UEMs with 5 participants was made to specify the extent of the difference 

between the performances of the UEMs. Thus, Subsection 5.9.4.1 commences with the 

analysis of the number of issues identified in each UEM by the best and first five 

participants. Then, Subsection 5.9.4.2 covers the calculation of the required number of 

participants for identification of 80% of the available usability issues in each UEM. 

5.9.4.1 Number of usability issues detected by the best and first five participants 

Examination of the performance of five participants for each UEM in the second and third 

experiments required investigation of the percentage of issues exposed by five 

participants with each UEM. This was achieved through the assessment of the 

performance of the first and the best participants for each UEM starting with the first 

ones. 

This subsection presents the performance of the first five participants in UEMs in the 

second experiment and the performance of four participants in UEMs in the third 

experiment. The results demonstrated by the participants were arranged randomly to 

reduce the effect of the order with a help website by generating a random number. Table 

5.38 illustrates the five participants with the first performance (F), designated as F-US-

HE, F-HE and F-UT, for the methods of US-HE, HE and UT, respectively. Thus, Table 

5.38 shows that 45% of the overall number of usability issues was identified by the first 

five participants from the US-HE method, while this percentage was 19% for the HE, and 

28% for the UT method. In all cases, then, the proportion of identified issues was less 

than the expected 80%. In terms of collaborative assessment methods (evaluation as a 

group), both US-CHE and US-ICHE employed 4 evaluators to assess the system as a 

group. Although the first five participants could not be chosen for these two methods, the 

number of participants for the two methods (i.e., four evaluators) is comparable to the 

number tested in this section (i.e., five participants). Therefore, the results of those 

methods were included for comparison with the performance of the first five participants 

from other methods. A percentage of 24% of the overall number of the issues was 

identified with the US-CHE by the four participants, while a percentage of 33% of issues 

was identified with the US-ICHE method, which were both less than the expected 80% 



Chapter 5 : The Impact of User Session on the Heuristic Evaluation 

174 

(see Table 5.38). These results show that the performance of the first five participants in 

US-HE was better by comparison to that of the other methods. In contrast, the 

performance of the first five participants in the HE method was the worst out of all UEMs, 

which is consistent with the performance of the HE method in the first experiment that 

was the worst out of all the methods. The results of the UT, US-CHE and US-ICHE 

methods were median, between the results of the US-HE and the HE method. Thus, the 

above results mean that the argument about the sufficiency of five participants for UEM 

was not confirmed. However, a percentage of 82% of the overall number of usability 

issues was identified by the first five participants chosen from all UEMs in the second 

experiment and by four participants from UEMs in the third experiment.  

Experiment Method # of problems discovered % of problems discovered 

Second experiment 

F-US-HE 37 45 % 

F-HE 16 19 % 

F-UT 23 28 % 

Third experiment 

US-CHE 20 24 % 

US-ICHE 27 33 % 

Total 68 82 % 

Note: “F” indicates the first five participants of UEMs in second experiment 

Table 5.38: First five participants' performances for UEMs in the second experiment and the 

four participants' performances for UEMs in the third experiment 

Table 5.39 presents the data for the best five participants performing in each of the UEMs 

in the second experiment and the four participants' performances for UEMs in the third 

experiment. More specifically, this table shows the five participants with the best 

performance (B), designated as B-US-HE, B-HE and B-UT for the methods of US-HE, 

HE and UT, respectively. Thus, Table 5.39 shows that a percentage of 55% of the overall 

number of usability issues was identified by the best five participants for the US-HE 

method, while this percentage was 23% for the HE, and 34% for the UT method, which 

were all less than the expected 80%. In terms of cooperative assessment methods 

(evaluation as a group), both US-CHE and US-ICHE employed 4 evaluators to assess the 

system as a group. Therefore, it was not possible to select the first five participants for 

those two methods but their results were nevertheless included for comparison with the 

performance of the first five participants from other methods. A percentage of 24% of the 

overall number of issues was identified in the US-CHE by the four participants, while this 

percentage was 33% for the US-ICHE method, which were both less than the expected 

80%. These results show that the performance of the best five participants in US-HE was 

better by comparison to that of the other methods. In contrast, the performance of the best 

five participants for HE method was the worst performance out of all UEMs, which is 

consistent with the performance of the HE method in the first experiment. The results of 

the UT, US-CHE and US-ICHE methods were median, between the results of US-HE and 

the HE method. However, a percentage of 86% of the overall number of usability issues 

was identified by the best five participants chosen from all UEMs in the second 
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experiment and by four participants from UEMs in the third experiment. The 

performances of the first and best five participants for UEMs in the second experiment 

and the performances of the four participants for UEMs in the third experiment indicated 

consistency with the results of the first experiment, and thus the magic number of “5 

participants” or the rule of 4±1 was not supported. 

Experiment Method # of problems discovered % of problems discovered 

Second experiment 

B-US-HE 46 55 % 

B-HE 19 23 % 

B-UT 28 34 % 

Third experiment 

US-CHE 20 24 % 

US-ICHE 27 33 % 

Total 71 86 % 

Note: “B” indicates the best five participants of UEMs in second experiment 

Table 5.39: Best five participants' performances for UEMs in the second experiment and the 

four participants' performances for UEMs in the third experiment 

The next subsection includes the analysis conducted to specify the sample size needed for 

the detection of 80% of the usability issues. 

5.9.4.2 The participant numbers needed for detection of 80% of the usability issues 

This subsection aims to specify the number of participants required for detecting 

satisfactory results, which are equivalent to about 80% of the total usability problems 

detected in the system. However, Section 4.9.4.2 explains the necessity of computing the 

average rate of the problem discovery (p) for further calculation of the sample size 

required for identification of the pre-determined percentage of the usability issues. After 

the average rate of detection is calculated, it is possible to estimate the number of 

participants for identifying the pre-determined percentage of usability issues with the help 

of the equation on the basis of the formula of binomial probability: 

o Percentage	of	usability	issues	that	can	be	detected	(P) 	= 	 (1 − (1 − 9):) 	×
100) 

In the second and third experiments, UEMs had a problem discovery rate of 0.12, meaning 

that 12 participants from all UEMs in those two experiments were needed to detect 80% 

of the overall number of usability issues. Table 4.39 presents the required number of 

participants and the potential percentage of detected usability issues. However, 

calculation of the adjusted problem discovery rate for the estimation of the sample size is 

required in the case of using small sample sizes (less than 20 participants); this is a 

recommendation aimed at bias reduction and overestimation possible (Lewis, 2001; 

Zapata and Pow-Sang, 2012; Lewis, 2012). The mentioned adjustment is as follows: 
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The calculated padj can be inserted in the formula of binomial probability as mentioned 

above, with p as padj, for estimation of the number of users required for identification of 

a certain percentage of usability problems. The US-HE, US-CHE, US-ICHE and HE 

methods had the adjusted average rate of detecting usability issues of 0.188, 0.608, 0.373, 

0.126 and 0.158, respectively. Thus, the sample size for the detection of 80% of the 

usability issues was 7 participants for the US-HE method, 2 participants for the US-CHE 

method, 3 participants for the US-ICHE method, 12 participants for the HE method, and 

9 participants for the UT method. In other words, 2 participants for the US-CHE and 3 

participants for the US-ICHE shared their views by working collaboratively to present a 

list of problems and this certainly helped in their agreement on many usability issues. For 

example, the result of this equation of the US-CHE method suggests that 2 evaluators 

work collaboratively instead of 4 evaluators. By contrast, 12 participants for the HE, and 

9 participants for the UT worked on their own individually. 

Targeted 

percentage 

The required number 

of participants 

85% 14 

80% 12 

75% 10 

65% 8 

50% 5 

Table 5.40: Number of participants and the targeted problem percentage 

 US-HE US-CHE US-ICHE HE UT 

pest 0.24 0.81 0.56 0.17 0.19 

1/n 0.0625 0.25 0.25 0.0625 0.05 

GTadj 0.133 0.024 0.108 0.084 0.048 

padj 0.188 0.608 0.373 0.126 0.158 

Sample size needed for the detection of 80% 7 2 3 12 9 

Table 5.41: Sample size needed for the detection of 80% of overall number of usability issues 

5.10 Discussion 

The outcome of the second and third experiments revealed that US-HE detected 72% of 

the total number of real usability problems, while UT and HE respectively detected 47% 

and 34% of the total number of real usability problems. On the other hand, US-ICHE and 

US-CHE uncovered only 33% and 24% of the total number of real usability problems, 

respectively. Comparison of these UEMs in this study showed that the method of HE 

displayed the worst performance compared to US-HE and UT concerning the number of 
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problems discovered. Such an outcome can be expected because the method of HE is not 

able to take into account the views of users in contrast to the US-HE and UT methods. 

Besides, the HE method is prone to false problems, which make it less effective than the 

UT method in detecting real problems. As far as the second and third experiments are 

concerned, it was possible to detect 13% of the real problems with the help of US-HE not 

revealed by other methods. UT method succeeded in revealing 11% of those actual 

problems, which were not identified by other methods, whereas US-ICHE found 4% of 

those problems not found by other methods. Meanwhile, only 1% of the actual problems 

not found by other methods were found by HE, whereas US-ICHE was unable to detect 

any unique problem. The second and third experiments showed that the methods of HE 

and US-CHE were not as effective as other methods, considering the number of unique 

usability problems that were detected. Interestingly, the method of US-HE in this study 

revealed a greater ratio of unique problems compared to the UES-HE and URS-HE 

methods in the first experiment. Furthermore, the US-HE method ranked first in this study 

in terms of identifying unique problems, while the UES-HE and URS-HE in the first 

experiment ranked second and third, respectively. This result was achieved although the 

US-HE in this experiment was compared with four UEMs compared to three UEMs of 

the UES-HE or URS-HE in the first experiment. Therefore, it is clear that the US-HE 

improved its performance in terms of identifying unique problems after merging the user 

sessions in the UES-HE and URS-HE in one method.  

The findings of the UT and HE methods in the second and third experiments were 

contrasted against those of earlier published studies (see Table 5.42). For the HE method, 

the range of identified usability problems, as indicated from earlier published studies, was 

40% to 68.3% for expert evaluators and 8% to 22% for non-expert evaluators. In the case 

of the UT method, the range of identified usability problems, as revealed in earlier 

published studies, was 15% to 61.9%. On the other hand, in the second and third 

experiments, HE and UT detected 34% and 47% of usability problems, respectively, 

while in the first experiment, HE and UT identified 29.27% and 52.44%, respectively. 

Thus, it is considered that any inconsistencies in the earlier published studies can be 

attributed to the number of evaluators involved and their level of experience, as well as 

the number of users. 
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 Usability testing method Heuristic evaluation method 

 

Percentage of 

discovered 

problems 

No. of 

participants 

Percentage of 

discovered 

problems 

No. of participants 

Jeffries et al. 

(1991) 
15% 6 users 51% 4 expert evaluators 

Doubleday et 

al. (1997) 
39% 20 students 40% 5 expert evaluators 

Tan et al. 

(2009) 
30% 24 users 60% 18 evaluators 

Law and 

Hvannberg 

(2002) 

61.9% 10 users 68.3% 2 expert evaluators 

Nielsen 

(1992) 
- - 

- 60% 

- 41% 

- 22% 

- 14 double usability 

expert 

- 19 regular usability 

expert 

- 31 non-expert 

evaluators 

Desurvire et 

al. (1992a) 
- - 

- 44% 

- 8% 

- 3 expert evaluators 

- 3 non-expert evaluators 

1st 

experiment 
52.44% 20 users 29.27% 16 non-expert evaluators 

2nd & 3rd 

experiment 
47% 20 users 34% 16 non-expert evaluators 

Table 5.42: Comparison between the performances of UT and HE in this study and earlier 

studies in terms of the number of problems detected 

Thus, the results obtained in this study for the HE and UT methods were inconsistent with 

those reported in earlier studies, such as Tan et al. (2009) because the users of UT method 

detected a higher number of usability problems compared to the evaluators of HE method. 

However, the results were consistent with those obtained for the same two methods in the 

first experiment, confirming that the evaluator’s experience has an influence on the choice 

of evaluation method. What is more, results showed that the US-HE method was more 

powerful at detecting minor and major real problems as well as catastrophic and cosmetics 

ones across the two experiments. The performances of the different UEMs exhibited a 

statistical difference, in terms of the number of issues identified and the amount of time 

spent. To conclude, the above findings prove that UT is superior to HE in terms of 

performance. The considerable improvement brought by US-HE to the HE method makes 

it reasonable to suggest that US-HE can make a notable contribution to the domain of 

usability evaluation. In addition, although there were few participants in the US-ICHE 

and US-CHE, they had good results compared to the traditional method, which also 

contributed to improving the performance of the traditional method. The results served to 

underline the fact that UT must be used together with HE in order to overcome the 

limitations inherent in these two methods. Instead, to improve the outcome, a more 

suitably developed and efficient method is suggested, namely, to use the methods 

proposed in this experiment, such as US-HE with UT. What is more, optimal results were 

secured by the US-HE in terms of comprehensive “usability problem areas”. On the other 
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hand, coverage of the traditional approach to the evaluation areas was modest. It is 

therefore can be noted that the user sessions helped the evaluators to cover a greater 

number of areas. Taking into account the meaning of a missed problem contained in 

section (2.4.3 Usability Measures), a problem revealed by any single method and not 

revealed by any other method is viewed as a missed problem. Considering this, US-HE 

failed to discover 13 actual usability issues whereas UT and US-ICHE did not reveal 15 

and 21 actual usability problems, respectively. These figures were higher for HE, US-

CHE, which missed 23 and 24 real usability problems, respectively. 

According to the performance metrics of the second and third experiment, US-HE proved 

to be of higher thoroughness and effectiveness than other methods in terms of identifying 

real problems. US-ICHE proved to be of higher efficiency in terms of the total amount of 

time spent. The second efficient method turned to be US-ICHE while the worst results 

were demonstrated by UT. Although HE method was not able to identify enough real 

problems, but its advantage is its being not expensive to apply. Furthermore, US-ICHE 

cost more than US-CHE and HE, but at the same time it was less expensive than UT and 

US-HE. In addition, US-ICHE and US-ICHE were the cheapest options available in term 

of financial cost per problem, while HE and US-HE were more expensive than US-ICHE 

and US-ICHE but less costly than UT. Although methods of HE based on the user 

sessions (US-HE, US-CHE and US-ICHE) included more evaluation sessions than the 

HE and UT, they provided satisfactory results in terms of cost. 

The results obtained ensure a less difficult choice of the most suitable method for usability 

problem identification. They also prompt consideration of whether the chosen method 

should be used alone or in conjunction with another method. Choice of method(s) depends 

on the number and type of usability problems as defined by such method(s). To conclude, 

the US-HE method increases the efficiency of UEMs and therefore makes a valuable 

contribution to the usability evaluation domain. 

The objective number six of this study was to examine the importance of the number of 

participants engaged in UEMs. In order to examine the relationship between participant 

numbers and the usability problems discovered in this study, Subsection 5.9.4.1 

investigated the number of issues identified in each UEM by the best and first five 

participants, whereas Subsection 5.9.4.2 addressed the calculation of the required number 

of participants for identification of 80% of the available usability issues. During the 

second experiment, the 10±2 rule and the 4±1 rule were investigated. When examining 

the sample size, it is seen that the first five participants for US-HE, HE and UT 

respectively identified 45%, 19% and 28% of problems. On the other hand, it is seen that 

the proportion of the problems revealed by best five participants for US-HE, HE and UT 

respectively identified 55%, 23% and 34% of problems. In the third experiment, the 

number of participants in each UEM was 4, which was very close to the target number of 

5 participants. This means that it is impossible to test the first or the best five participants, 

and thus the performance of the four participants in each UEM within this experiment 

was compared with the performance of the best and first participants of each UEM within 

the second experiment. Four participants managed to identify 24% and 33 of the 



Chapter 5 : The Impact of User Session on the Heuristic Evaluation 

180 

proportion of the problems with US-CHE and US-ICHE, respectively. This finding of the 

second and third experiments, however, is inconsistent with Nielsen’s argument that five 

participants was sufficient to reveal about 85% of all usability problems.  

To provide a more detailed examination of this matter, the adjusted problem discovery 

rate was calculated for US-HE, HE and UT in the second experiment and discovered to 

be p = 0.188, p = 0.126 and p = 0.158, respectively. The Sample Size Calculator was also 

used. Thus, it was shown that the number of participants needed to find 80% of issues 

with US-HE, HE and UT was 7, 12 and 9 participants, respectively. Conversely, once p 

= 0.608 and p= 0.373 were found for US-CHE and US-ICHE in the third experiment, and 

the Sample Size Calculator was employed, it was shown that those methods respectively 

required just 2 and 3 participants to reveal 80% of problems. These outcomes of the 

methods based on individual evaluation (such as US-HE, HE, UT) were not in line with 

the work of Nielsen (2000), which stated that five participants were sufficient to reveal 

about 85% of usability issues. In contrast, the Sample Size Calculator outcomes showed 

that this claim was more appropriate in the case of collaborative evaluation methods as in 

the third experiment (US-CHE and US-ICHE). However, the findings of methods based 

on individual evaluation as UEMs in the second experiment were analogous to those of 

Hwang and Salvendy (2010), who stated that the 10 ± 2 rule was sufficient to uncover 

80% of usability problems. This claim was also supported by methods based on individual 

evaluation within the first experiment (see Section 4.10). Overall, it is clear that sample 

size has an effect on the evaluation outcomes and it is not always simple to pinpoint the 

correct sample size for detecting all usability issues. As a result, the sample size should 

be taken into account before conducting a UEM. This is because an increase in the number 

of participants, despite leading to potentially improved results, may in turn increase the 

cost of evaluation. 

5.11 Conclusion 

This chapter offers an analysis and discussion of the outcomes of the UEMs of the second 

and third experiments, US-HE, US-CHE, US-ICHE, HE, and UT. Their abilities were 

contrasted against each other by evaluating a specific type of system, a dynamic website, 

focusing on a comparison of usability evaluation methods such as the performance of 

usability metrics, numbers of usability problems detected and their severity, satisfaction 

ratings, cost of methods, the relationship between sample size and problem detected, and 

time spent. The second experiment in this thesis aimed to develop further understanding 

the effect on the outputs of HE method of using two different designs of user session as 

applied in the first experiment together within a single method of individual evaluation; 

the key goal of the third experiment was to investigate the impact on the outputs of HE 

method of using two different designs of user session within two types of cooperative 

evaluation. To allow comparison with the second experiment, the third experiment 

underwent the same preparation; the main difference was that this latter experiment 

investigated the impact of the user sessions on HE results in case of collaborative 

evaluations. The third experiment thus built on the findings of the second experiment, 
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which meant that the second experiment's results could be employed for the purpose of 

making comparisons against the results of third experiment.  

In general, from the results of these experiments, it can be argued that the US-HE method 

offered superior performance compared to the other UEMs when attempting to evaluate 

usability effectively. It allowed the detection of more usability problems compared to the 

UT method, and it detected more than double the number of problems detected by the HE 

and US-ICHE methods and more than three times the problems detected by the US-CHE 

method. In addition, US-HE helped to reduce the number of false problem reports; this 

result supports the results of the first experiment, which showed that user sessions, 

especially user review sessions, contribute to reducing the false reporting of problems. 

The outcomes also suggest that using two types of user session together helps reveal a 

wider variety of problem types. The US-HE allows participants to pinpoint a greater 

number of the most severe problems (catastrophic problems and major problems) and less 

severe problems (minor and cosmetic problems), while the use of UT offers the second 

best performance in term of finding the most severe problems and less severe usability 

problems. In terms of the time spent, the HE method does not require as much time as UT 

and US-HE, which need about twice as much time for testing and analysis. UT and US-

HE were also the most expensive in terms of cost per problem. US-CHE and US-ICHE 

took significantly less time than the rest of the UEMs; in addition, they were the least 

expensive in terms of financial cost per problem. Therefore, although the US-CHE and 

US-ICHE are less effective than the rest of the UEMs in term of the number of problems 

detected, they have the lowest time and monetary costs. Thus, both these methods can be 

offered as an alternative solution in cases of limited financial resources and limited time. 

The results indicate that although inspection methods that depend on user sessions involve 

more sessions than the traditional method (HE), they provide satisfactory results in terms 

of financial cost per problem for the US-HE method and optimal results in terms of time 

and financial cost per problem for US-CHE and US-ICHE methods. This is due to the 

effectiveness of these methods in terms of the detection of problems. With regard to 

usability problem categories, a comparison of UEMs found US-HE to be more effective 

as it ensured more usability problems related to the heuristics than other UEMs in most 

categories. In this study, a thorough investigation of the number of participants required 

for the achievement of satisfactory results was also conducted. This involved testing the 

rule of 4±1 and the 10±2 rule. Nielsen and others have claimed that five participants are 

sufficient for obtaining satisfactory results (about 80% of detected usability issues), but 

this assertion failed in each of the three experiments conducted in developing this thesis. 

However, analysis of the outcomes revealed that 80% of usability issues could be 

identified with a group of five participants, the rule of 4±1, in US-CHE and US-ICHE 

based on calculation of the required number of participants for identification of 80%; but, 

this was not the case for methods based on individual evaluation, such as HE, UT, UES-

HE, URS-HE, and US-HE. US-HE was also outperformed in terms of how sample size 

and the number of identified issues were correlated as it offers the second best 

performance after the performance of the collaborative methods (US-CHE and US-

ICHE). Such results demonstrate the superiority of evaluation methods that depend on 

user sessions. The calculation of the required number of participants for identification of 
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80% of issues revealed that the 10±2 rule was suitable for all UEMs in this research, 

especially those methods based on individual evaluation. Thus, the results indicated that 

the argument of 10±2 (Hwang and Salvendy, 2010) was more valid than rule of 4±1 (five 

participants) (Nielsen, 2000). 

In line with these findings, different types of user sessions appear to be an important factor 

that affects participants’ performance in the HE method. The inclusion of two user 

sessions in one method of HE offers superior results than seen in those methods of HE 

that include a single type of user session. This was confirmed when this experiment's 

results were contrasted against the outcomes of the previous experiment; this made it clear 

that superior performance was achieved with regard to the proportion and severity of 

usability problems detected in multiple session cases. The next chapter will offer further 

discussion and comparison of the detailed results of all three experiments. These will then 

be used to answer to the research question.  
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6  DISCUSSION AND 

RECOMMENDATIONS 

6.1 Introduction  

The results obtained in the present study have indicated that HE methods which take into 

account the user's perspective through the user session are valuable and useful techniques 

for the assessment of usability. The results of the experiments in chapters 4 and 5 are 

discussed in this chapter with reference to the research aims and objectives set in Chapter 

1. In addition, the research questions were addressed which indicate that the study attained 

its aim. A comparison is also undertaken between the results and the findings of the 

literature review from Chapter 2. The study particularly sought to fill in the literature gap 

regarding the necessity to enhance usability evaluation methods, and especially the HE 

method. This study has determined how user session design and HE outcomes are related, 

thus attaining its objectives and potentially contributing to make the usability evaluation 

methods presented in earlier studies more effective. In relation to the research outcomes, 

the knowledge produced by this study can be divided into three main categories, namely, 

the effectiveness of the selected UEM (see Section 6.2), including how many and what 

types of usability issues every method could detect, the size of the sample necessary for 

UEMs according to the research outcomes (see Section 6.3) and a series of 

recommendations (see Section 6.4). In the following section, a comprehensive discussion 

of these categories is provided. 

6.2 The Effectiveness of the chosen UEMs 

In this study, the evaluation methods used were heuristic evaluation (HE), usability 

testing (UT) and different types of Heuristic evaluation methods based on user sessions 

(UES-HE, URS-HE, US-HE, US-CHE and US-ICHE). In fact, the absence of the user's 

perspective has been described by many researchers as one of the shortcomings of the HE 

method. For example, (Oracle, 2012; Zaharias and Koutsabasis, 2012; Holzinger, 2005). 

Therefore, it is clear that there is a lack of involvement of users alongside evaluators, in 

terms of taking advantage of both of their perspectives. To this end, the present study 

sought to employ the factor of user session design within the HE method. Regarding the 

number and type of usability issues identified by each method, several noteworthy results 

were generated by this thesis. These are compared against the results from earlier studies 

in the following section. 



Chapter 6 : Discussion and Recommendations 

184 

6.2.1 Time spent 

The measurement of the efficiency attribute is regularly based on the metric of time spent, 

which is informative about the amount of time that participants need for testing or 

evaluation. In the first experiment, the average completion time for the four methods of 

UES-HE, URS-HE, HE and UT was 36.81 minutes, 28.31 minutes, 17.75 minutes and 

29.5 minutes, respectively. The discrepancies between the duration needed to perform 

each method were subjected to statistical testing via the Kruskal-Wallis test, with results 

showing that the four methods differed significantly with regard to the amount of time 

required for detection of usability problems (p < 0.05) (see Table 4.22). Meanwhile, in 

order to determine how much the implementation of each method cost in terms of the 

amount of time taken to perform UEM and analysing the outcomes (see Table 4.35), the 

costliest method (cost per participant) was found to be UT ($ 124), followed by UES-HE 

($ 104.83), URS-HE ($ 78.25),  and HE ($ 63). Although the UES-HE method was slower 

than the UT method, it was less expensive than it. In terms of time and cost, the URS-HE 

method yielded the second best performance after the traditional method (HE). This 

performance of the URS-HE method is logical because the user review session did not 

take as long as the user exploration session in the UES-HE method and therefore its results 

in terms of time and cost were close to the traditional method (HE). Thus, it could be 

concluded that HE was quicker and less expensive compared to other methods, while UT 

took longer and was more expensive to complete compared to the other methods. The 

confirmation that the four methods did indeed differ with regard to time spent meant that 

the research question was addressed.  

In the second and third experiments, the average completion time for the five methods of 

US-HE, US-CHE, US-ICHE, HE and UT was 56.13 minutes, 17.75 minutes, 21.25 

minutes, 19.44 minutes, and 32.85 minutes, respectively. The discrepancies between the 

duration needed to perform each method were subjected to statistical testing, with results 

showing that the five methods differed significantly with regard to the amount of time 

required for detection of usability problems (p < 0.05) (see Table 5.24). Meanwhile, in 

order to determine how much the implementation of each method cost in terms of the 

amount of time taken to perform UEM and analysing the outcomes (see Table 5.36), the 

costliest method was found to be US-HE ($ 146.75), followed by UT ($ 130), US-ICHE 

($ 76), US-CHE ($ 69.67) and HE ($ 67). Thus, it could be concluded that US-CHE was 

the quickest method to complete, followed by HE, US-ICHE, UT and US-HE, while both 

US-CHE and HE were the least expensive methods, followed by US-ICHE, UT, and US-

HE. It is noted that cooperative evaluation methods were characterized by their 

performance in terms of the time of implementation of the evaluation sessions, and this 

may be due to the fact that collaborative evaluation allows the exchange of ideas among 

participants and thus speed assessment rather than working individually as in other 

UEMs. More specifically, the US-CHE method was faster than the US-ICHE method. 

This may be due to the fact that the actual evaluation session in the US-CHE method was 

based on collaborative assessment, whereas the actual evaluation session in the US-ICHE 

method was based on individual evaluation and therefore evaluation of the target website 

was likely to take a longer time because the participants were not allowed to interact with 

one another during the session. Table 5.23 supports this conclusion as it shows that the 
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average time of the actual evaluation session of US-CHE was 20 minutes, while the 

average time of the actual evaluation session of US-ICHE was 29 minutes. In addition, 

the review session of the US-CHE method took less time than the review session of the 

US-ICHE method. This is because the participants in the US-CHE method worked as a 

group during the actual evaluation session and therefore they exchanged ideas on 

evaluating the website and they did not need more time in the review session in order to 

unify the problems discovered. 

In contrast, the review session in the US-ICHE method took longer because, unlike the 

US-CHE method, the participants were not allowed to interact during the actual 

evaluation session so they needed to discuss the problems they had encountered during 

the actual evaluation session. Table 5.23 supports this conclusion as it shows that the 

average time of the review evaluation session of US-CHE was 19 minutes, while the 

average time of the review evaluation session of US-ICHE was 27 minutes. As such, the 

second and third experiments addressed the research question as well. 

As can be seen in Table 6.1, from the perspective of HE being more cost-effective and 

less time-consuming than UT, the results of the three experiments were consistent with 

those of earlier studies.  However, the observed discrepancies can be attributed to a range 

of factors, including the unequal experience of the participating users and evaluators and 

their numbers. In addition, studies differ in terms of how time is calculated; they may 

calculate time based on one or more factors, such as the amount of time required for 

preparation, design, conducting, or data collection and analysis of UEM. The consistency 

in results between the present study and earlier ones provides support for the fact that, in 

terms of cost and time, the URS-HE, US-CHE and US-ICHE methods are more effective 

than UT. Furthermore, the US-CHE and US-ICHE methods produced a discount method, 

since such methods differ significantly with respect to cost and time compared to the HE. 

US-HE and UES-HE do differ from UT and HE in that they are more expensive and time-

consuming, but the difference is not significant. However, the financial costs associated 

with the problems discovered for each method were different from the cost of use per 

participant and these two types of costs are discussed in detail in Section 6.2.5. 
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Study Time spent on UEMs Comments 

Jeffries et al. (1991) UT (199 hours) > HE (35 hours) 

UT conducted by 6 participants 

HE conducted by 4 usability 

experts 

Doubleday et al. (1997) 
UT (125 hours) > HE (33.5 

hours) 

UT conducted by 20 users 

HE conducted by 5 usability 

experts 

Law and Hvannberg (2002) UT (200 hours) > HE (9 hours) 

UT conducted by 10 

participants 

HE conducted by 2 participants 

This Research 

The first experiment: 

UES-HE (15.4 hours) > UT 

(15.3 hours) > URS-HE 

(12.9hours) > HE (9.6 hours) 

UT conducted by 20 users 

HE conducted by 16 non-

expert evaluators 

UES-HE conducted by 16 non-

expert evaluators (Supported 

by 8 users for user session) 

URS-HE conducted by 16 non-

expert evaluators (Supported 

by 8 users for user session) 

The second and third 

experiment: 

US-HE (21.2 hours) > UT (16.5 

hours) > HE (10.2 hours) > US-

ICHE (3.9 hours) > US-CHE 

(3.6 hours) 

UT conducted by 20 users 

HE conducted by 16 non-

expert evaluators 

US-HE conducted by 16 non-

expert evaluators (Supported 

by 8 users for user sessions) 

US-CHE conducted by 4 non-

expert evaluators (Supported 

by 1 user for user sessions) 

ICHE conducted by 4 non-

expert evaluators (Supported 

by 1 user for user sessions) 

Table 6.1: The cost associated with implementation of usability evaluation methods  (Hasan, 

2009) 

6.2.2 Number of usability problems discovered 

Comparison of the versions of the UEMs regarding the number and quality of identified 

issues was conducted in all three experiments. In terms of their effectiveness, usability 

evaluation methods (UEMs) are usually appraised based on the measure of number of 

usability issues. In the following part, discussion focuses first on the number of usability 

problems and their severity, before proceeding to the categories and overlapping and 

unique types of the identified usability problems.  

The number of issues identified by UES-HE, UES-HE and HE in the first experiment was 

62, 43 and 41 usability issues, respectively (see Table 4.14). These methods depend 

entirely on the subjective evaluation of the evaluators and therefore the results represent 

the real and false problems. Of the 62, 43 and 41 usability issues identified by UES-HE, 

URS-HE and HE, 12, 7 and 17 were false problems, respectively. The identification of 
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those false problems was based on the determination of the realness of usability issues, 

as mentioned in Section 4.9.1. Thus, UES-HE, UES-HE and HE revealed 50, 36 and 24 

real problems, respectively (see Table 4.25). In contrast, the UT method revealed 43 real 

problems (see Table 4.4). The results in Table 4.25 show that the UES-HE and URS-HE 

gave better results than the traditional method (HE), which proves that the user session 

plays an important role in the improvement of the traditional method.  More specifically, 

UES-HE gave a better performance than URS-HE. This superiority of the UES-HE 

method can be explained by the fact that the user exploration session allowed the 

evaluator to identify the difficulties encountered by the user while interacting with the 

system, unlike the traditional method, which did not allow the evaluator to explore the 

user, and thus the evaluator could predict more usability problems. In contrast, the URS-

HE method performed worse than the UES-HE method but better than the traditional 

method. This may be due to the fact that the user review session gives the evaluator the 

opportunity to review the list of discovered problems as well as to add any new problems 

through dialogue with the user but does not allow the evaluator to explore the user more 

in depth as in the exploration user session. Although the URS-HE method did not perform 

better than the UES-HE method, it did surpass the latter in terms of reducing the number 

of false problems to 7, as opposed to the 12 false problems yielded by the UES-HE 

method, as mentioned in Section 4.9.1. This superiority may be attributed to the fact that 

the URS-HE method includes a user review session, whereas the UES-HE method does 

not include such a session. This proves that the review session may help the evaluator to 

ascertain whether the list of problems is actually hindering the user. In contrast, the 

traditional method presented the worst performance by detecting the largest number of 

false problems, which amounted to 17 false problems, confirming the findings of previous 

studies that one of the main drawbacks of such a method was the exposure to false 

problems. 

The discrepancies in the performance of the methods with respect to problem 

identification was subjected to statistical assessment. This test confirmed that the 

discrepancies were indeed significant (p < 0.05) (see Table 4.27) and that the number of 

usability problems detected by the four methods was not the same. Thus, the research 

question about whether the performances of UEMs in terms of identified usability 

problems were statistically different was addressed. Table 4.26 shows that the use of 

UES-HE or UT provided the best performance in terms of detecting the most severe 

problems represented by both catastrophic problems and major problems. Each method 

revealed 63% of the most severe problems detected in the system. The second best 

performance was achieved by URS-HE, which identified 46% of the most severe 

problems. Finally, HE method provided the worst performance compared to the other 

methods, as it revealed only 23% of the total problems detected. Regarding the less severe 

problems, UES-HE provided the best performance by detecting 60% of the less severe 

problems represented by both minor and cosmetic problems, followed by UT and URS-

HE, which respectively revealed 45% and 43% of less severe problems. Again, HE gave 

the worst performance by detecting only 34% of all less severe problems in the system.  
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Regarding the ranking of unique problems discovered that required fixing (see Table 

4.30), UES-HE detected 1 catastrophic, 1 major, 2 minor and 4 cosmetic problems, which 

the other methods overlooked. Meanwhile, URS-HE detected 1 major, 2 minor and 2 

cosmetic problems that were not discovered by other methods, but no catastrophic 

problems. HE detected 1 major, 1 minor and 3 cosmetic issues that the other methods 

overlooked, but no catastrophic problems. UT detected 4 catastrophic, 6 major, 6 minor 

and 2 cosmetic issues, which were not discovered by other methods. It is clear from Table 

4.30 that the use of UES-HE and UT together gave the best performance compared to the 

rest of the methods, as it detected 83% of the total detected problems. More specifically, 

the use of both methods was the best in terms of detecting the greatest number of more 

severe problems (94%) represented by both catastrophic problems and major problems, 

with 94% of the most severe problems detected in the system. Furthermore, both methods 

exhibited superior performance in finding the greatest number of less severe problems 

(83%) represented by both minor problems and cosmetic problems. Regarding the 

satisfaction of participants with the evaluated website, it was found that the website’s 

perceived usability was not affected by the number of usability issues. The results made 

it possible to conclude that, of the four methods, the one that identified the greatest 

number and most severe usability problems was UES-HE. 

The number of usability issues identified by US-HE, US-CHE, US-ICHE and HE in the 

second and third experiments was 68, 23, 29 and 44 usability issues, respectively (see 

Table 5.15 and Table 5.16). These methods depend entirely on the subjective evaluation 

of the evaluators and therefore the results represent the real and false problems. Of the 

68, 23, 29 and 44 usability issues identified by US-HE, US-CHE, US-ICHE and HE, 8, 

3, 2, 16 were false problems, respectively, and were identified on the basis of 

determination of the realness of usability issues, as mentioned in Section 5.9.1. Thus, US-

HE, US-CHE, US-ICHE and HE revealed 60, 20, 27 and 28 real problems, respectively 

(see Table 5.27). In contrast, the UT method revealed 39 real problems (see Table 5.4). 

The results in Table 5.27 show that the US-HE yielded better results than the traditional 

method (HE) and this again confirms the findings of the first experiment, as mentioned 

in Section 4.9.2.2 that user session plays an important role in improving the results of the 

traditional method. The US-HE produced satisfactory results, as it detected 72% of all 

identified problems, as displayed in Table 5.27. In contrast, the UES-HE method in the 

first experiment detected approximately 61% of problems which can be considered as an 

acceptable outcome, while the URS-HE yielded unsatisfactory results, detecting 

approximately 44% of problems. This superiority of the US-HE method was to be 

expected because both sessions of the user (user exploration session and user review 

session) that were tested independently of each other in the first experiment were 

demonstrated to improve the results of the UES-HE and URS-HE. Thus, it is logical that 

combining these two sessions in one method (US-HE) will also improve the results of the 

traditional method. In fact, through the user exploration session, the US-HE allowed the 

evaluator to explore user behaviour and interaction with the target system before the 

actual evaluation session. In addition, this method also allowed the evaluator to review 

the list of problems detected with the user and to add any new problems through the user 

review session, which followed the actual evaluation session. Therefore, the US-HE 
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method gave a performance that was better not only than the traditional method, but also 

than the UES-HE and URS-HE methods in the first experiment. For the third experiment, 

as shown in Table 5.27, US-ICHE and US-CHE respectively revealed 33% and 24% of 

problems, as opposed to the 34% revealed by the traditional method (HE). These results 

seem interesting because, although collaborative assessment methods have yielded results 

comparable to the traditional method (HE), this seems to be mainly due to the small 

number of evaluators in collaborative methods compared to the traditional method (HE), 

with the former relying on 4 evaluators whereas the latter employ 16 evaluators. 

Therefore, any increase in the number of evaluators in collaborative methods may lead to 

better results and may help these methods to outperform traditional methods. False 

problems constitute a major shortcoming of the traditional method (HE), which was 

assessed in this study. It is interesting to note that the development of the traditional 

method has helped to reduce false problems, regardless of the performance of each 

method in terms of detection of real problems. The number of false problems for the US-

HE method was 8, whereas the traditional method (HE) had 16 false problems, as 

mentioned in Section 5.9.1. Meanwhile, the methods of US-ICHE and US-CHE reduced 

the number of false problems to 2 and 3, respectively. This result supports the results 

reached in the first experiment, which showed that the user session, and especially the 

user review session, contributed to reduce the number of false problems, as mentioned in 

Section 4.9.1. 

The discrepancies in performance of the methods with respect to problem identification 

was subjected to statistical assessment based on the Kruskal-Wallis test. This test 

confirmed that the discrepancies were indeed significant (p < 0.001) (see Table 5.29) and 

that the number of usability problems detected by the five methods was not the same. 

Thus, the research question about whether the performances of the UEMs differed 

significantly in terms of identified usability problems was addressed. Table 5.28 shows 

that the use of US-HE enabled the achievement of the best performance in terms of 

identifying the most severe problems represented by both catastrophic problems and 

major problems. This method exposed 71% of the most severe problems discovered in 

the system. The second best performance was achieved by the UT method, which enabled 

the identification of 65% of most severe problems, followed by US-ICHE (42%), HE 

(32%) and US-CHE (29%). Regarding the less severe problems represented by both 

minor and cosmetic problems, US-HE again presented the best performance. Likewise, 

the UT method performed second best, identifying 37% of the less severe problems 

discovered in the system. Finally, HE, US-ICHE and US-CHE revealed 35%, 27% and 

21% of the less severe problems detected, respectively. 

Regarding the ranking of unique problems discovered that required fixing, US-HE 

detected 1 major, 4 minor and 6 cosmetic issues, which the other methods overlooked 

(see Table 5.31). Meanwhile, US-ICHE detected 1 major, 1 minor and 1 cosmetic 

problems, while US-CHE was unable to detect any unique problems. HE was able to 

detect only 1 major problem that was not discovered by the other methods. UT detected 

2 major and 7 minor problems, which were not discovered by other methods. However, 

none of these methods were able to detect any catastrophic problems. This may be due to 
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the fact that the comparison between the UEMs was done in five methods, making it more 

difficult to create unique problems. It is clear from Table 5.31 that the use of US-HE and 

UT together gave the best performance compared to the rest of the methods as it could 

detect 93% of the total detected problems. More specifically, the use of both these 

methods was the best in terms of detecting the greatest number of more severe problems 

represented by both catastrophic problems and major problems, with 94% of the most 

severe problems detected in the system. Furthermore, both methods exhibited superior 

performance in finding the greatest number of less severe problems represented by both 

minor problems and cosmetic problems, with 92% of the total detected problems. 

Considering the satisfaction of participants with the evaluated website, it was found that 

the website’s perceived usability was not affected by the number of usability issues. 

The three methods of the UEMs were observed to differ in the first experiment, leading 

to the conclusion that the versions were not similar with regard to the number of 

discovered usability problems (Section 4.9.2.2). In spite of this, in the second experiment, 

the US-HE method was found to have higher productivity than the UES-HE or URS-HE 

methods in terms of the number of problems identified (see Section 5.9.2.2), which might 

have been due to the integration of these latter two methods into the US-HE method, thus 

permitting the detection of a greater number of interface issues. The results made it 

possible to conclude that, of the five methods, the one that identified the greatest number 

and most severe of usability problems was US-HE. 

The results obtained in this thesis are inconsistent with those of earlier studies, which 

reported that the number of usability problems detected by HE was higher than that 

detected by UT (Jeffries et al., 1991; Doubleday et al., 1997; Tan et al., 2009; Law and 

Hvannberg, 2002). On the contrary, this thesis suggests that the UT method yields better 

results than the HE method. The results of the UT and HE in the second experiment were 

consistent with the results of these methods in the first experiment, despite some variation. 

The logical explanation for this is that the evaluators employed in this study were not 

experts, unlike the previous studies that employed expert evaluators for the HE method, 

thus increasing the performance of this method compared to the UT method. Thus, Table 

4.29 and Table 5.42 show that the results of non-expert evaluators in this study were 

consistent with the results of non-expert evaluators in previous studies, in that UT 

outperformed the HE method when it relied on non-expert evaluators. Moreover, given 

the different nature of the work for both the UT method and the HE method (Tan et al., 

2009), such consistency could be expected. One explanation for this is that UT was geared 

towards detection of issues confronting users during completion of particular tasks in the 

context of interaction with an interface. In contrast, heuristic evaluation was not focused 

just on particular tasks, but considered a range of aspects of the tested interfaces so 

naturally the number of detected usability issues was higher (Tan et al., 2009). The 

findings of this thesis are consistent with those of Law and Hvannberg (2002) in that, 

when it came to detection of minor issues, heuristic evaluation had greater effectiveness 

compared to user testing, but the opposite was true in the case of major issues. Regarding 

non-expert evaluators, Smilowitz et al. (1994) (cited in Äijö and Mantere, 2001) stated 

that non-expert evaluators were unable to detect serious problems. More specifically, 



Chapter 6 : Discussion and Recommendations 

191 

Table 4.26 indicates that the HE method revealed 23% of the most severe problems, 

whereas the UT method detected 63%. Further, Table 5.28 indicates that the HE method 

detected 32% of the most severe problems, whereas the UT method detected 65%. Due 

to such observations, numerous studies advocated that HE and UT should be used 

together owing to their complementarity (Paz et al., 2015b; Tan et al., 2009; Fu et al., 

2002; Sauro, 2012). The experimental outcomes in this study corroborated the idea that 

UT and HE should be combined as a method of eliminating the weaknesses of both. 

However, the performance results of these two methods can be significantly improved 

when replacing the traditional HE method with the HE method that incorporates user 

session (UES-HE, URS-HE and US-HE). Such outcomes reflect the complementarity of 

heuristic evaluation and user testing, with each of them possessing the ability to detect 

usability problems that the other method overlooks. For this reason, studies drew attention 

to this aspect, justifying the recommendation of combined usage of heuristic evaluation 

and user testing. Such a result corroborates the argument proposed by earlier studies that 

it was impossible for evaluators to act as users and assess how serious usability issues 

were in a system intended for real users. The uniqueness of the identified issues was also 

considered as a point of comparison between the UEMs in the three experiments. Thus, 

the lowest proportion of unique issues was identified by US-CHE, US-ICHE and HE, 

while a greater proportion of unique issues were identified by US-HE, UT and UES-HE 

(see Table 4.30 and Table 5.31). The US-HE method showed superiority and was able to 

outperform the UT method in terms of finding unique problems not discovered by other 

methods. In contrast, UES-HE and URS-HE, in which two types of user sessions were 

independently tested in the first experiment, were not able to outperform the UT, as 

described in Section 4.9.2.2. This proves that the achieved improvement came as a result 

of the combination of the user sessions.  

On the whole, according to the results associated with the research questions pertaining 

to the number of identified usability problems, the most cost-effective method was US-

HE. What is more, US-HE was also the method that detected the highest number of the 

problems of both greater and lesser severity (the most and less severe problems). Thus, it 

can be argued that US-HE is suitable for usability practitioners focusing on the 

identification of numerous issues with a high and low level of seriousness, since their 

main concern is to prioritise the issues that require attention from developers. However, 

in other cases, the UES-HE method is a better choice, as it exhibits abilities comparable 

to US-HE but with fewer capabilities in the number of problems detected. Despite the 

modest results of collaborative methods, they provide results comparable to the results of 

the traditional method. Therefore, methods based on cooperative evaluation can be an 

appropriate alternative if resources, such as the number of participants, are limited. 

Taking the above results into consideration, it can be concluded that a HE method that is 

dependent on the user session (UES-HE, URS-HE and US-HE) can serve as a robust and 

effective method. Furthermore, the results obtained addressed the research question. 
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6.2.3 Categories of usability problems 

With regard to usability problem categories, “Consistency and standards” and “Aesthetic 

and minimalist design” were the aspects indicated by the findings of all experiments 

conducted in the present thesis as being the most problematic to the evaluators. The 

‘Consistency and standards’ category was consistent with some previous studies such as 

Díaz et al. (2017), Choi and Bakken (2010), Quiñones et al. (2014), Boskovic and 

Borovina (2013) and Kostaras and Xenos (2007), while ‘Aesthetic and minimalist design’ 

category was consistent with some previous studies such as Choi and Bakken (2010), 

Boskovic and Borovina (2013) and Kostaras and Xenos (2007). However, the ‘Aesthetic 

and minimalist design’ category was not consistent with the results of Díaz et al. (2017) 

concerned with the usability of dynamic websites and especially electronic commerce 

websites, which pointed to the problems of ‘Aesthetic and minimalist design’ as the 

category of problems confronting users most often. In contrast, the categories with the 

fewest violations of all experiments were ‘Help and documentation’ and ‘Help users 

recognise, diagnose, and recover from errors’. The former category was consistent with  

Díaz et al. (2017), Quiñones et al. (2014), Boskovic and Borovina (2013) and Kostaras 

and Xenos (2007), whereas the latter category was consistent with Choi and Bakken 

(2010), Boskovic and Borovina (2013) and Kostaras and Xenos (2007). In the first 

experiment, UES-HE and URS-HE identified a considerably larger number of categories 

with more violations than the HE method. Although in the first experiment the method 

established to be the most practically effective in term of coverage of categories of 

heuristics was the UES-HE method, in the second and third experiments, the UES-HE 

was overtaken by US-HE, which covered more categories. In the first experiment, the 

comparison of UEMs revealed that UES-HE was more effective as there were more 

usability problems related to the heuristics as contrasted to URS-HE and HE in almost all 

categories, and particularly in the three categories of ‘Aesthetic and minimalist design’ 

(24 problems), ‘Flexibility and efficiency of use’ (10 problems) and ‘Recognition rather 

than recall’ (8 problems) (see Table 4.19). Furthermore, a larger number of problems 

associated with the heuristics was identified by URS-HE compared to HE. Meanwhile, 

the total number of usability problems related to the heuristics by URS-HE was higher 

than HE, particularly in three categories, namely, ‘Aesthetic and minimalist design’ (17 

problems), ‘Consistency and standards’ (11 problems) and ‘Flexibility and efficiency of 

use’ (8 problems). The results of this experiment indicate that the methods based on user 

sessions (UES-HE and URS-HE) showed an improvement in their results compared to 

the HE method. In the second and third experiments, the comparison of UEMs revealed 

that US-HE was more effective as there were more usability problems related to the 

heuristics compared to other UEMs in all categories except ‘Help users recognise, 

diagnose, and recover from errors’. The US-HE method displayed its superiority 

particularly in four categories, namely, ‘Consistency and standards’ (26 problems), 

‘Flexibility and efficiency of use’ (12 problems), ‘Recognition rather than recall’ (10 

problems) and ‘Aesthetic and minimalist design’ (10 problems) (see Table 5.21). 

Meanwhile, the rest of the methods (US-ICHE, US-CHE and HE) did not differ much in 

their performance and did not cover the categories of heuristics sufficiently. The results 

of the second and third experiments indicate that the methods based on user sessions in 
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the case of individual assessment of evaluators (US-HE) showed an improvement in their 

results compared to the HE method. This result is consistent with the conclusions of the 

first experiment. In contrast, the results of the methods based on user sessions in the case 

of collaborative assessment of evaluators (US-ICHE and US-CHE) indicate that these 

methods were not able to outperform the HE method in terms of coverage of heuristics 

categories. These results clearly indicate that UEMs differed with regard to coverage of 

categories of heuristics, thus addressing the research question. The method with the 

highest proportion of detected usability problems in almost all categories of heuristics 

was US-HE. 

6.2.4 Performance metrics of UEMs 

Among the wide range of existing usability metrics, the present study employed the 

metrics of efficiency, thoroughness, validity and effectiveness (see Section 2.4.3 and 

Section 3.4.8.5). In the first experiment, the number of identified usability issues was 

divided by the overall time spent in order to determine the efficiency of UEMs (see 

Section 2.4.3), generating a result of 0.08 for UES-HE, URS-HE and HE, whereas the 

efficiency of the UT method was slightly less than the other methods, at 0.7 (see Table 

4.36). These scores clearly reflect that the UEMs had similar results in terms of efficiency. 

Furthermore, the number of actual usability issues divided by the total number of usability 

issues identified as such gave method validity (see Section 2.4.3 and Section 3.4.8.5). UT 

scored 100% in this regard, which was somewhat higher than UES-HE (80.6%) and URS-

HE (83.7%), whereas HE scored 58.5% in this regard (see Table 4.36), indicating that the 

former three methods had greater validity compared to HE with regard to precise 

detection of usability issues. As regards thoroughness, it was determined by dividing the 

number of actual usability issues identified by the overall number of actual usability 

issues (see Section 2.4.3), revealing that UES-HE had a higher level of thoroughness 

(61%) than URS-HE (43.9%), HE (29.3%) and UT (52.4%) (see Table 4.36). 

Thoroughness multiplied by validity gave the effectiveness, the highest score being 

achieved by UT (52%), followed by UES-HE (49.4%), URS-HE (37%) and HE (17.1%) 

(see Table 4.36). Thus, UT could detect usability issues with greater effectiveness than 

URS-HE and HE, and somewhat greater effectiveness than UES-HE. The results 

confirmed the existence of discrepancies between the three methods with regard to 

usability metrics, thus addressing the research question. Therefore, with respect to 

identification of actual usability issues, UT was demonstrated to have higher validity than 

other UEMs, UES-HE was demonstrated to have higher thoroughness than other UEMs, 

and UT was demonstrated to have higher effectiveness than other UEMs.  

In the second and third experiment, efficiency was calculated and revealed that US-ICHE 

was most efficient (0.32), followed by US-CHE (0.28), HE (0.09), US-HE (0.07) and UT 

(0.06) (see Table 5.37). With regard to validity, the greatest validity with regard to precise 

identification of usability issues was exhibited by UT (100%), followed by US-ICHE 

(93.1%), US-HE (88.2%), US-CHE (87%) and HE (63.6%) (see Table 5.37). On the other 

hand, calculation of thoroughness indicated that US-HE was most thorough (73.2%) in 

detecting actual usability issues, followed by UT (47.6%), HE (34.1%), US-ICHE 
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(32.9%) and US-CHE (24.4%) (see Table 5.37). Last but not least, in terms of 

effectiveness, the greatest score was achieved by US-HE (64.6%) with regard to detection 

of usability issues, followed by UT (47.6%), US-ICHE (38.7%), HE (21.7%) and US-

CHE (21.2%) (see Table 5.37). The results confirmed the existence of discrepancies 

between the UEMs with regard to usability metrics, thus addressing the research question. 

Therefore, with respect to identification of actual usability issues, US-HE was 

demonstrated to have higher thoroughness and effectiveness than other UEMs. On the 

other hand, with respect to precise identification of usability issues, US-ICHE exhibited 

somewhat lower validity compared to UT, but higher efficiency compared to other UEMs. 

To sum up, US-HE was demonstrated to have greater thoroughness and effectiveness 

compared to HE and UT, whereas US-ICHE and US-CHE were demonstrated to have 

greater efficiency compared to HE and UT. Therefore, the objective of creating UEMs of 

improved effectiveness and efficiency was achieved. 

6.2.5 Cost of applying usability evaluation methods 

This thesis undertook the assessment of UEMs in terms of application cost, since this 

aspect was not extensively investigated in earlier studies. The present study’s results 

suggest that, compared to the UES-HE and URS-HE methods in the first experiment, the 

cost of the HE method was less considering the potential cost per participant. In addition, 

HE enabled the evaluator to apply the method and analyse the results quicker compared 

to the UES-HE and URS-HE methods. Moreover, HE cost considerably less compared to 

the UT method regarding the potential cost per participant as well as the total time that 

the participants needed for conducting UEM and analysing results. Similar to the study 

by Wang and Caldwell (2002) and Law and Hvannberg (2002), the present study’s results 

show that considerable time and money are required for UT than for HE. In spite of this 

comparison of the cost of participants for each method, the financial cost of each problem 

differed among the methods. The lowest financial cost per problem was demonstrated by 

the UES-HE and HE methods, with about $ 41, followed by the cost of the URS-HE with 

$ 43.47, and UT with $ 57.75. Thus, the results show that the most cost-effective methods 

were UES-HE, HE and URS-HE, followed by the UT method. 

In the second and third experiments, the results suggest that, compared to the US-ICHE 

method, the cost of the HE and US-CHE methods was less, considering the potential cost 

per participant. In addition, in terms of the total time that the evaluator required for 

method performance and result analysis, the US-CHE and US-ICHE methods took 

significantly less time than other UEMs. In contrast, the UT method and US-HE method 

were the most expensive methods in terms of the potential cost per participant. These 

results are consistent with the results of the UT and HE in the first experiment, indicating 

that considerably more time and money were required for UT than for HE. Therefore, 

these results are again consistent with those of previous studies, such as Wang and 

Caldwell (2002) and Law and Hvannberg (2002). In term of financial costs per problem, 

the lowest cost per problem was demonstrated by the US-ICHE method ($ 14), followed 

by the US-CHE method ($ 17), HE method ($ 38), US-HE method ($ 49) and UT method 
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($ 67). Thus, the results show that the most cost-effective method was the US-ICHE 

method, followed by the US-CHE, HE, US-HE, and UT methods. 

6.3 The identification of the sample size 

The sample of five participants or rule of 4±1 that some usability experts have proposed 

for UEMs as a solution has fostered significant controversy. As discussed in Section 2.4.1, 

this controversy has resulted in the formulation of a range of different rules, like the 10±2 

rule. One of the concerns of the research objectives is on how sample size is correlated to 

the number of identified usability issues and especially whether there are differences 

between the examined UEMs in terms of sample size (see Section 1.7). Drawing on the 

experiments carried out, this thesis sought to settle this matter by investigating the 

correlation between the participant numbers and the number of usability problems 

discovered, as mentioned in Section 4.9.4 and Section 5.9.4. In the first experiment, the 

UEMs differed in their performance, with UES-HE outperforming the other methods and 

being capable of identifying the same proportion of usability issues with fewer 

participants compared to the other methods. In contrast, the HE method had the lowest 

performance, being capable of identifying the same proportion of usability issues with a 

higher number of participants compared to the other methods (see Section 4.9.4.2). 

Meanwhile, the US-HE were outperformed in terms of how sample size and the number 

of identified issues were correlated in the second experiment (see Section 5.9.4.1). 

However, analysis of the outcomes of the third experiment revealed that 80% of usability 

issues could be identified with a group of five participants or the rule of 4±1, as supported 

by the results of US-CHE and US-ICHE after the calculation of the required number of 

participants for identification of 80% of issues (see Section 5.9.4.2) and see Table 6.2. 

This calculation indicated that the performance of methods based on collaborative 

evaluation (such as US-CHE and US-ICHE) outperformed the methods based on 

individual evaluation (such as HE, UT) in term of identifying the same proportion of 

usability issues with fewer participants. In contrast, it was observed that a higher number 

of participants was necessary for HE to identify a similar proportion of usability issues as 

other UEMs (see Section 5.9.4). 
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 Methods 
Participant numbers needed for detection 

of 80% of the usability issues 

First 

experiment 

UES-HE UES-HE method required fewer 

participants (9 participants) than the UT 

method (11 participants), URS-HE method 

(12 participants) and the HE method (13 

participants) 

URS-HE 

HE 

UT 

Second 

experiment 

US-HE US-HE method required fewer participants 

(7 participants) than the UT method (9 

participants) and HE method (12 

participants) 

HE 

UT 

Third 

experiment 

US-CHE US-CHE method (2 participant) and US-

ICHE (3 participant) method required 

similar number of participants   
US-ICHE 

Table 6.2: The outcomes of the research experiments in terms of how sample size and the 

number of identified usability issues were correlated 

The five-participant sample has proven highly contentious, with some studies, such as 

Nielsen (2000), Virzi (1992), Nielsen and Landauer (1993), Lewis (1994), Turner et al. 

(2006) and Tan et al. (2009), maintaining that it can help to identify a proportion of 85% 

of usability issues, while other studies, such as Hwang and Salvendy (2010), Spool and 

Schroeder (2001), Macefield (2009), Woolrych and Cockton (2001), Lindgaard and 

Chattratichart (2007), Faulkner (2003) and Dumas and Redish (1999), refuting this claim, 

as mentioned in Table 6.3. As addressed in Section 4.10 and Section 5.10, this issue has 

been comprehensively addressed in the present study. To compare the performances 

achieved with the different methods, examination of the outcomes of the first five 

participants and the five participants with the highest performance in every method was 

conducted, revealing that the proportion of reported usability issues identified by any one 

method consisting of five participants did not exceed 55%. Furthermore, it was estimated 

that a maximum number of 13 participants would be necessary for the HE to achieve 

identification of 80% of usability issues. On the other hand, as shown in Table 6.2, to 

identify the same proportion of usability issues, 2 participants would be necessary for the 

US-CHE method. A comparison between the findings of this study and those of earlier 

studies is provided in Table 6.3, revealing that a number of five participants is insufficient 

for attaining adequate results in the case of methods that rely on individual assessment as 

in the first and second experiments, while it is sufficient for attaining adequate results in 

the case of collaborative evaluation methods as in the third experiment. Thus, based on 

the results obtained, it can be concluded that the 10±2 rule is more valid than the 4±1 rule. 

This difference in sample size may be explained in terms of the fact that the systems 

underpinning the model proposed by Nielsen (2000) were simpler than the targeted 

websites assessed in this study, which is why a greater number of participants was needed. 

Moreover, this may be due to the fact that larger numbers of participants were used in this 

study, and the evaluation design differed, being either a collaborative or individual 

assessment. These observations highlight the fact that the recommendations provided in 

earlier studies about sample size should always be approached with caution. 
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Study 
Percentage of the usability 

issues detected 
Participant numbers 

Nielsen and Landauer (1993) 85% Five participants 

Lewis (1994) 85% Five participants 

Nielsen (2000) 85% Five participants 

Turner et al. (2006) 80% Five participants 

Virzi (1992) 80 Four or Five participants 

Tan et al. (2009) 35% Five participants 

Faulkner (2003) 55% Five participants 

Lindgaard and Chattratichart 

(2007) 
35% Five participants 

Spool and Schroeder (2001) 35% Five participants 

This study 18% - 55% 

Five participants are among the 

best and the first five 

participants 

Table 6.3: Comparative analysis of how a number of five participants performed in various 

studies 

6.4 Recommendations 

On the basis of the findings obtained in the course of this thesis, a number of 

recommendations may be proposed in order to contribute to the improvement of usability 

evaluation, as presented below. 

• Recommendations based on the results of this research are consistent with 

previous studies in that there is no single UEM alone can detect the majority of 

the usability problems of systems. Instead, it is necessary to utilise two methods 

which are mutually complementary. For example, the UT and the HE, the efficacy 

of which have been confirmed by previous studies. Hence, it is recommended that 

preliminary issue detection should be conducted along with the HE method, 

following which UT should be performed in order to take advantage of the 

strengths of both methods. However, this study revealed the efficiency of 

employing the UT method along with one of the HE methods based on user 

sessions instead of the traditional method (HE). This will result in ideal results 

and may lead to the detection of approximately 93% of the system problems when 

employing the UT method along with the US-HE method versus a percentage 

ranging from 69% to 74% when using the UT method with the HE method. 

Practitioners must therefore take into account the fact that there is no single way 

that is the most optimal but that each method has both advantages and 

disadvantages. It is therefore apparent that each distinct method may be 

complementarily applied along with another. 
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• The results obtained point to the fact that the specific method chosen dictates the 

nature of the outcomes and so careful consideration should be given to the 

different impacts of various user sessions on HE results. More specifically, during 

the selection of a UEMs, both the advantages and disadvantages of the different 

methods should be considered by practitioners. According to the results of this 

study, the HE method can be made to be more effective if the user session with a 

different design is used. This affords greater advantages compared to the use of 

the traditional method (HE). Differently designed user sessions have been proven 

to be superior in terms of usability results compared to the traditional method 

(HE). Thus, the consequence of this thesis indicates that practitioners should be 

encouraged to include users within the HE method through the user session 

whenever possible when evaluating systems. 

• If it is difficult for practitioners to recruit an observer who eventually documents 

the reports of participants in a single final report regardless of access to 

satisfactory results; it is advisable for practitioners to use the collaborative 

evaluation methods (US-CHE or US-ICHE) that produce a final report where an 

observer is not required to compile them in a single report. Such methods can 

enable practitioners to take advantage of their features such as the speed of 

implementation. Despite their modest results, it can be used as an initial method 

of the evaluation of the target system. Practitioners are thus able to obtain initial 

results for the target system more to a more efficient extent. 

• In cases where it is extremely important for participants to have as positive and as 

natural a test experience as possible, the collaborative evaluation method could be 

employed. This is because one of the advantages of this method is that it allows 

for communication and interaction between participants which makes the 

assessment process more natural in terms of the interaction and cooperation 

between participants. 

• Different types of user session (US-HE) which include user exploration sessions 

and user review sessions, should be carried out to achieve optimal results of HE 

method. The results of this study suggest that by using these two kinds of user 

sessions together within the HE method, this will exceed the performance of other 

methods which involve one user session and the traditional method (HE) which 

does not include user session and the UT method. 

• Differently designed user sessions within the HE method have been proven to 

enable identification of the most severe problems as well as less severe problems 

compared to the traditional method (HE). The findings of this thesis indicate that 

the US-HE methods enabled participants to identify a greater number of the most 

severe usability problems (catastrophic problems and major problems) and the 

less severe usability problems (minor and cosmetic problems). 

• The type of user session design can have an impact on usability measures. For 

example, the type of user exploration session within the UES-HE method is 

associated with lower validity compared with the user review session with the 

URS-HE method, but in return is associated with a higher degree of thoroughness 

and effectiveness. As such, when practitioners formulate plans for usability 
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evaluations, they should give consideration to these measures and their 

susceptibility to the types of user sessions. 

M. The satisfaction level was demonstrated not to be correlated with effectiveness, 

since the higher or lower number of usability problems discovered by participants 

does not affect the level of satisfaction for participants. Thus, it is not advisable 

for user satisfaction to be considered in isolation to establish how usable an 

interface is. 

• In the case of limited time and budgetary constraints for practitioners, it is 

recommended that methods based on collaborative evaluation (US-CHE or US-

ICHE) should be employed. This is because in terms of the time of 

implementation of evaluation sessions as well as the time of analysis of results 

they were significantly more efficient than the other methods. Due to such a 

feature, such collaborative methods can be used as an initial assessment method 

for the target systems. 

N. Identification of all usability issues appears to be highly challenging by UEMs. 

Therefore, practitioners should aim to attain a satisfactory proportion of identified 

issues of 80% to 85%. This thesis revealed that the 10±2 rule could detect more 

usability problems than the 4±1 rule. This is due to the fact that the results of this 

thesis corroborated the claims made by earlier studies that an insufficient number 

of usability issues could be detected based on the so-called “magic number” of 

five participants. This indicates that increasing the number of participants leads to 

an increased number of problems.  

• When practitioners focus on reducing false usability problems within the results 

of the HE technique with a lower cost and time, it is advisable to use URS-HE 

regardless of the quality of the results, while the US-HE method is recommended 

with better results regardless of costs and time. 

• Practitioners should consider the fact that the collaborative evaluation methods 

can provide an alternative means by which to evaluate systems if it is difficult to 

recruit participants and their numbers are limited. However, the results are modest 

and therefore it can be used as a method preliminary assessment systems.  

 

In summary, this study investigated the UEMs with regard to how effectively they could 

assess the user interfaces of the targeted systems. A number of relevant findings regarding 

the performance of each of these was also included. These findings can assist practitioners 

in deciding which method to adopt in order to detect usability issues on the websites 

according to their needs and goals. The advantages and disadvantages of each method 

may also be considered. An overview of the UEMs aspects is provided in Table 6.4. 
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Method Advantages Disadvantages 

HE methods 
which depend 
on the user 
session: 
 
1: UES-HE  
 
2: URS-HE 
 
3: US-HE 
 
4: US-CHE 
 
5: US-ICHE 

- Relying on non-expert evaluators who are less expensive than expert evaluators, the US-HE, UES-HE and 
URS-HE yields more satisfactory results than the traditional method (HE). 
- Although few participants who were engaged in the collaborative methods (US-HE and US-ICHE) compared 
them in the traditional method (HE), they presented similar results in terms of uncovering the real problems. 
- The collaborative methods (US-CHE and US-ICHE) reduced the "evaluator effect" (high inter-evaluator 
agreement). 
- The collaborative methods (US-CHE and US-ICHE) generate a unified list of usability problems once the 
evaluation session is over. This is because this method eliminates duplicate usability problems and is unlike the 
multiple lists of the evaluator reports in methods based on individual assessment. 
- The collaborative methods (US-CHE and US-ICHE) take less time than the UEMs in terms of implementing 
the method and analysing the results. 
- The cost of participants for the collaborative methods (US-CHE and US-ICHE) is low and similar to the 
traditional method (HE). 
-The URS-HE method can be used in the early and final stages of system development (Formative/Summative 
evaluation) because it does not require pre-defined user tasks. 
- These methods, with the exception of the URS-HE method, contribute to the achievement of the user's 
objectives towards the target system through the implementation of user tasks in the user exploration session. 
- Although these methods are prone to false problems, user sessions contributed significantly to their reduction 
compared to the traditional method (HE). 

- They are more time consuming than 
traditional methods (HE) with the exception 
of the collaborative methods (US-CHE and 
US-ICHE). 
- They are more expensive than the 
traditional method (HE) in term of the cost 
of participants. This is because they include 
additional assessment sessions. 

HE 

- It takes less time compared with the UEMs in terms of implementing the method and analysing the results. 
However, it is more time consuming than the collaborative approaches (US-CHE and US-ICHE). 
- It is suitable for use in the early and final stages of system development (Formative/Summative evaluation). 
- It is the most economical option in terms of cost when compared to other UEMs 

- It revealed fewer usability problems. 
- It revealed fewer serious problems. 
- The "evaluator effect" is higher than the 
other methods (Low inter-evaluator 
agreement). 
-Does not take into account the user's 
perspective. 
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- It is the method which is most prone to 
false problems compared to HE methods 
which depend on the user session. 

UT 

- It is allows for the detection of serious problems rather than simple problems. 
- It only identifies the actual usability problems 
- It contributes to the achievement of the user's objectives towards the target system through the implementation 
of user tasks. 

-It is a costly method in terms of the cost of 
participants.  
- It needs to be conducted in laboratory 
conditions because it is fully dependent on 
laboratory observation for users. 
- It takes a long time in terms of 
implementing the method and analysing the 
results. 

Table 6.4: An overview of advantages and disadvantages of UEMs 
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6.5 Conclusion 

The results obtained in chapters 4 and 5 have been the primary focus of discussion 
throughout this chapter. They have been analysed through comparisons with the results 
reported by earlier studies. This chapter has also demonstrated the manner in which the 
research question was addressed. Furthermore, the results and the extent to which they 
correlate with the findings of previous studies have been highlighted. The results of the 
study provided evidence in support of the effectiveness and performance of each UEM 
with regard to the performance of usability metrics (the usability metrics associated with 
thoroughness, validity and effectiveness of the methods), the number of usability 
problems detected and their severity, satisfaction ratings, cost of methods, the relationship 
between sample size and problem detected and time spent. Furthermore, in Section 6.4 of 
this chapter, several recommendations for the practice of assessing the usability of 
systems have been provided. Thus, the outcomes produced may be used to select the UEM 
that is most suitable according to the needs and objectives of the practitioners. The 
following chapter features the concluding statements of this study. 
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7  CONCLUSIONS 

7.1 Introduction 

The design and procedure of the three experiments conducted to assess usability 
evaluation were addressed in chapter 3. The methods of analysis and the resulting findings 
reached at the conclusion of these three experiments are addressed in chapters 4 and 5. In 
addition, the outcomes of this research were discussed and compared with the results of 
previous studies. Furthermore, the stated research questions were addressed in chapter 6. 
In the final chapter, the concluding remarks of the study are outlined. More specifically, 
the chapter initially provides proceeding to assess the extent to which the research aims 
and objectives have been accomplished as well as to indicate in what way the study has 
contributed to existing knowledge in this field. Furthermore, the chapter identifies the 
limitations of the study and, finally, it proposes possible future lines of research. 

7.2 Evaluation of research aim and objectives 

The present study sought to investigate the influence of users on HE results. This was 
accomplished by observing the effects of several user sessions within HE methods. These 
were then compared with two well-known evaluation methods in the usability 
engineering field: traditional HE and UT. In the next part, the extent to which the eight 
objectives have been formulated in the first chapter in order to fulfil this research aim is 
discussed (see Section 1.7). 

O. In order to achieve the first research objective, which involved an investigation of 
the literature related to the usability evaluation field in general and the heuristic 
evaluation method in particular, the key studies relevant to the topic in question 
were reviewed in the second chapter. Hence, the first objective was accomplished.  

P. The chapter on the research methodology presented the approaches adopted in 
order to achieve the second research objective. This involved planning and 
designing a set of experiments with the purpose of accomplishing the research 
aim. 

Q. Carefully planned and conceived experimental studies were conducted to examine 
the influence of user session design on heuristic evaluation results and thus the 
third research objective was achieved. 

R. Following the completion of the implementation of research experiments, the 
results of each UEM were analysed using several means of comparison, such as 
the performance measures of the UEMs and the use of statistical tools, in order to 
achieve the fourth objective. This analysis was explained in detail in the fourth 
and fifth chapters. 
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S. In order to aid the research comprehension, a statistical investigation of the 
relationships between the UEM metrics was necessary. Statistical validation 
confirmed that the number of identified usability problems and the time spent by 
the participants were indeed correlated. This indicated that the more time a 
participant spends, the greater the number of detected problems there will be. 
Hence, the fifth objective was accomplished. 

T. As the review of the literature disclosed, the need to establish a suitable sample 
size for UEMs prompted the proposal of a wide range of approaches and sample 
sizes, including the 10±2 rule (Hwang and Salvendy, 2010) and the 4±1 rule (five 
participants) (Nielsen, 2000). The lack of consensus regarding the ideal sample 
size is what prompted this matter to become a focus of investigation in the present 
study. Three experiments were conducted in order to facilitate this. The 
participants in this study were divided into groups including the first five 
participants and the best five participants. The investigation revealed that the 
highly debated sample size of five participants achieved a score of no more than 
55% in terms of the identified number of usability problems. This fell significantly 
short of the expected level of 80% which had been cited as a potentially achievable 
figure. However, the calculation of the required number of participants for the 
identification of 80% of issues revealed that the performance of methods based 
on collaborative evaluation (e.g. US-CHE and US-ICHE) could be accomplished 
with a sample consisting of about five participants (rule of 4±1) but not with the 
methods based on individual evaluation (e.g. HE, UT, UES-HE, URS-HE and US-
HE). In addition, this calculation of the required number of participants for 
identification of 80% of usability issues was suitable for all of the UEMs in this 
study, especially the methods based on individual evaluation. Thus, the results 
indicated that the 10±2 rule proposed by Hwang and Salvendy (2010) was more 
valid than the 4±1 rule (five participants) proposed by Nielsen (2000). 
Accordingly, the sixth objective was accomplished. 

U. The sixth chapter focused on the realisation of the seventh research objective. This 
involved a discussion of the research findings obtained and the formulation of 
concluding remarks with regard to the research questions.  

V. Based on the results of this study, Section 6.4 dealt with the eighth  and final 
research objective, namely to put forth a set of recommendations regarding the 
UEMs that would be helpful not only to future researchers, but also to usability 
practitioners. 

Thus, each of the eight objectives that were formulated to attain the research aim were 
successfully fulfilled. 

7.3 Research contributions 

Through the proposal of new numbers of improved HE methods, the study achieved the 
intended aim of making a valuable contribution to the usability evaluation field. Thus, an 
overview of the main research contributions is provided in the following section.  
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It is notable that this study is distinct from other comparable investigations. It is the first 
to involve a thorough investigation of how the non-expert evaluator outcomes of HE is 
affected by user session design.  In addition, this study is also the first comprehensive 
comparative study of both the traditional method and different types of improved methods 
of HE in the case of the individual assessment of participants (UES-HE, URS-HE, US-
HE and HE) as well as in the case of collaborative evaluation among participants (US-
HE and US-CHE), thus contributing significantly to the usability evaluation field. More 
specifically, despite the extensive research that has been conducted on the HE method, 
no other study apart from this one has comprehensively compared various versions of the 
HE method which consists of six distinct methods (UES-HE, URS-HE, US-HE, US-CHE, 
US-ICHE and HE).  

A further significant contribution of the study is apparent in the fact that it explores how 
the manner in which participants behave is affected by the user session type employed. 
The HE method that was constructed within the context of different types of proposed 
user sessions was specifically geared towards the assessment of websites. It facilitated 
the evaluation of website quality for the various interested parties (e.g. designers, 
developers, and website owners). For instance, the user exploration session is a suitable 
type of session for detecting more usability problems while a user review session is 
suitable for detecting problems with fewer false problems. In addition, this study provided 
interesting results in many aspects, the most prominent being that the US-HE method was 
revealed to be capable not only of identifying a larger number of usability problems but 
also of determining the most severe problems as well as the less severe problems in the 
target system compared to the traditional method (HE). Moreover, evaluators who 
employed the HE method based on user sessions consistently detected fewer false 
problems than evaluators who employed the traditional method (HE). Thus, the research 
results serve to improve awareness among usability engineers regarding the way in which 
HE is affected by various user session types, and therefore to design the user session 
accordingly in order to achieve the established goals. Furthermore, to determine the extent 
to which the methods in question were valid and useful, this study outlined specific 
criteria as discussed in Section 3.4.8.5. 

Special care was accorded to the selection of these assessment criteria, which included 
the most prominent criteria for comparing usability evaluation methods. The assessment 
of the UEMs involved the comparison of seven UEMs in terms of how effective they 
were in relation to a series of measures. This was undertaken in order to identify the most 
suitable method for the assessment of the usability of the system. Moreover, the 
correlations between the UEMs and some measures of usability were explored. Thus, the 
field of website usability evaluation is definitely enriched by this study, which have shed 
light on the effectiveness and usefulness of the UEMs, which are of interest to both 
practitioners and academics in the field of HCI. 

The implications of sample size on the UEMs outcomes were explored in detail. This 
approach revealed that different factors such as the type of UEM used and the complexity 
of the targeted system can determine the sample size. Therefore, there is no fixed sample 
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size which the researchers can agree upon. This study produced evidence that countered 
the idea that a proportion of about 80% of usability problems can be identified with a 
sample of just five participants, as a significantly lower proportion of problems were 
detected with such a sample. In general, it may be concluded that this research supports 
studies which argue that 10±2 was more valid than the rule of 4±1. However, the influence 
of sample size on usability outcomes was investigated and an adequate sample size was 
estimated for each UEM. 

In terms of personal outcomes, the present study has aided the researcher in advancing 
along the path to becoming a usability professional. In addition, the researcher managed 
to significantly improve in terms of personal skills and knowledge related to usability 
evaluation through the practical experience of the process of performing this research. 
This was especially the case with regards to the planning, setting-up and application of 
the UEMs. Additional actions included undertaking several experiments on UEMs, which 
comprised the tasks of the construction, selection and formulation of user tasks, planning 
UEMs for a broad sample of participants, recruitment and scheduling of participants, the 
selection of suitable usability measures and skills related to the analysis of the results of 
the study and the reporting of them. All of these factors assisted in the further 
development of valuable skills. 

The researcher also acquired additional advanced skills in the statistical analysis of the 
results of the study in addition to the use of specialist software such as SPSS. For the 
purpose of determining the efficiency of seven UEMs for the assessment of two websites, 
three detailed experiments were carried out using a total of 168 participants. More 
specifically, the context meeting session that was conducted involved four participants in 
addition to the researcher himself. The pilot studies involved the participation of 10 
participants and the three experiments that were undertaken involved 154 participants. In 
addition, the analysis of some of the results was conducted with two expert evaluators. 
Due to a large number of participants who were recruited in the process of the various 
stages of this study, the researcher became more competent in effectively managing time 
and communications. Thus, the researcher acquired valuable skills and knowledge 
through these research processes because the previous procedures were necessary to carry 
out the intended experiments, with process complexity increasing because of the use of 
multiple methods (seven UEMs).   

7.4 Limitations and recommendation for future research 

No research is without limitations and the same holds true for this study. A number of 
limitations have arisen and these can be differentiated into two categories, as discussed 
below.  

W. An additional shortcoming is apparent in the fact that only male participants were 
included in this research. This was due to the fact that the conservative nature of 
Saudi society made it challenging to recruit female participants. As a result, the 
perspectives yielded were limited and not applicable to both genders. Two recent 
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PhD theses undertaken by Alqahtani (2015) and Baglin (2015) are representative 
examples of studies conducted in Saudi Arabia which encountered comparable 
social constraints. These studies sought to examine usability and by necessity 
excluded female respondents. Although Kirmani (2008) pointed out that there was 
no gender impact on the results in terms of usability, gender was considered to be 
one of the limitations of this research.  

• The comprehension of the results may also be limited by the fact that the research 
sample consisted of individuals who were Saudi citizens, while foreigners living 
in Saudi Arabia were excluded despite the importance of their viewpoints. Hence, 
future research should take this latter group into account and undertake a 
comparison of the results obtained against the results of this study. 

• A convenience sample was adopted in this thesis but “the problem with such a 
sampling strategy is that it is impossible to generalize the findings, because we do 
not know of what population this sample is representative” (Geisen and 
Bergstrom, 2017). Therefore, in usability studies closely representing actual users 
is always an issue.  Although most studies use unrepresentative samples, this study 
sought to avoid these issue, therefore, the context meeting is conducted prior to 
commencement of website evaluation in order to ensure that that the users are 
representative of the typical users of the target website as possible. However, 
Geisen and Bergstrom (2017) stated that researchers in the field of usability “do 
not need to generalize the usability test findings to the population”. 

• There have been several drawbacks noted concerning the use of laboratory 
experiments to obtain reliable empirical data; the main ones being the necessarily 
artificial setting and the inclusion of unrepresentative research subjects. For 
example, Wolf et al. (1989) found fault with the use of laboratory experiments in 
HCI, because outcomes tend not to be usefully generalizable. However, laboratory 
experiment is the only method to obtain empirical behavioural data relevant to 
usability. Furthermore, unless the results can be successfully generalized, more 
experiments would be necessary in order to produce sufficient reliable data to 
support generalization (Paz et al., 2014). In the case of this study, therefore, 
application of the same set of UEMs to other domains, for example, e-commerce 
websites and e-learning websites, has potential to generate further interesting 
outcomes. However, without this further application, it is impossible to say 
whether this process would produce results more suitable for generalization to 
additional domains, as the results could be similar to those obtained here. 

In addition, this research is not without some recommendations which presents future 
research and can be differentiated into three categories, as discussed below. 

• Despite the fact that this research assumes that UEMs were compatible with all of 
the general websites, they were applied solely to websites from the tourist 
domains. Therefore, more work is needed to determine whether it applies to other 
domains of websites that target a different type of users, like e-educational, e-
government, or e-commerce. Hence, in order to determine whether different 
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website domains impact on the efficacy of an evaluation method, it would be 
advisable that future research could repeat those studies with other types of 
websites. 

• Although the objective of this study is to test different types of HE methods based 
on the evaluation of non-expert evaluators, this research strongly recommends 
applying these methods to expert evaluators. Therefore, the use of expert 
evaluators rather than non-expert evaluators may result in interesting and 
significant results. It would therefore be beneficial for this factor to be considered 
when research is conducted in the future. 

X. One such weakness is that the UEMs were conducted in a laboratory context, 
which, despite providing a scientific basis for observing and analysing results, is 
not comparable to the general settings of web use and hence the results may not 
reflect the way in which users actually behave when they browse the web. Thus, 
an investigation of the influence of the participant’s environment on the results 
generated would also be worthwhile. 

7.5 Conclusion 

In keeping with researcher’s attempts to develop the HE method, distinct types of user 
sessions were suggested for the HE method. Each of these were geared towards a specific 
goal that was identified in Section 1.3. In fact, this study stands out from other comparable 
endeavours because it has made the process of the development and assessment of HE 
more explicit regarding the role of the user for such a method. Thus, a significant 
contribution from a number of perspectives has been made. This includes: the 
incorporation of the viewpoints of both users and evaluators within the HE method for 
the assessment of dynamic websites and the demonstration of higher performance of HE 
methods based on user session compared to the traditional method of HE and UT in many 
aspects of usability performance. In other words, HE was made more effective by 
allocating different types of the user session to the HE method. The results obtained 
provided evidence that user session design and the outcomes of HE was indeed correlated. 
These results can serve as the basis for the creation and development of usability 
evaluation methods with greater reliability for researchers interested in engaging the 
user's perspective in the HE method. Therefore, on the basis of the results obtained in this 
study, it is advisable for usability researchers to shed light on the user's role in the heuristic 
evaluation method. By doing so, a new approach can be undertaken when conducting 
research in the future. 
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Appendix A: CONSENT FORM 
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Appendix B: PRE-TEST QUESTIONNAIRE 

Evaluator pre-test questionnaire: 
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User pre-test questionnaire: 
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Appendix C: POST-TEST QUESTIONNAIRE 

Evaluator post-test questionnaire: 
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User post-test questionnaire: 
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Appendix D: THE LIST OF USER TASKS 

The list of user tasks for the first website: 
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The list of user tasks for the second website 
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Appendix E: USABILITY PROBLEM REPORT 
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Appendix F: APPROVAL OF LAB MANAGER 
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Appendix G: THE DISTRIBUTION OF PARTICIPANTS IN THE THREE 

EXPERIMENTS 

Distribution of participants for the UES-HE method in the first experiment: 

Method Evaluator's Identification Number User's Identification No. 

UES-HE method 

1 
1 

2 

3 
2 

4 

5 
3 

6 

7 
4 

8 

9 
5 

10 

11 
6 

12 

13 
7 

14 

15 
8 

16 

Total participants 16 8 

 

Distribution of participants for the URS-HE method in the first experiment: 

Method Evaluator's Identification No. User's Identification No. 

URS-HE method 

1 
1 

2 

3 
2 

4 

5 
3 

6 

7 
4 

8 
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9 
5 

10 

11 
6 

12 

13 
7 

14 

15 
8 

16 

Total participants 16 8 

 

Distribution of participants for the HE method in the first experiment: 

Method Evaluator's Identification No. User's Identification No. 

HE method 

1 - 

2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 

9 - 

10 - 

11 - 

12 - 

13 - 

14 - 

15 - 

16 - 

Total participants 16 - 

 

Distribution of participants for the US-HE method in the second experiment: 

Method Evaluator's Identification No. User's Identification No. 

US-HE method 
1 

1 
2 
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3 
2 

4 

5 
3 

6 

7 
4 

8 

9 
5 

10 

11 
6 

12 

13 
7 

14 

15 
8 

16 

Total participants 16 8 

 

Distribution of participants for the HE method in the second experiment: 

Method Evaluator's Identification No. User's Identification No. 

HE method 

1 - 

2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 

9 - 

10 - 

11 - 

12 - 

13 - 

14 - 

15 - 

16 - 

Total participants 16 - 
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Distribution of participants for the US-CHE method in the third experiment: 

Method Evaluator's Identification No. User's Identification No. 

US-CHE method 

1 

1 
2 

3 

4 

Total participants 4 1 

 

Distribution of participants for the US-ICHE method in the third experiment: 

Method Evaluator's Identification No. User's Identification No. 

US-ICHE method 

1 

1 
2 

3 

4 

Total participants 4 1 
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Appendix H: PARTICIPANTS' SATISFACTION 

Percentage of evaluators in UES-HE method who provided answers on every SUS item in the first experiment: 

SUS statements 
UES-HE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 0.00% 25.00% 43.75% 31.25% 0.00% 
I found the website unnecessarily complex. 6.25% 6.25% 56.25% 31.25% 0.00% 
I thought the website was easy to use. 0.00% 62.50% 31.25% 6.25% 0.00% 
I think that I would need the support of a technical person to be able to use this website 0.00% 25.00% 56.25% 12.50% 6.25% 
I found the various functions in this website were well integrated. 0.00% 0.00% 62.50% 37.50% 0.00% 
I thought there was too much inconsistency in this website. 0.00% 12.50% 43.75% 31.25% 12.50% 
I would imagine that most people would learn to use this website very quickly. 0.00% 37.50% 43.75% 18.75% 0.00% 
I found the website very cumbersome/awkward to use. 0.00% 6.25% 50.00% 18.75% 25.00% 
I felt very confident using the system. 0.00% 12.50% 56.25% 31.25% 0.00% 
I needed to learn a lot of things before I could get going with this system. 6.25% 0.00% 56.25% 37.50% 0.00% 

 

 

Percentage of evaluators in URS-HE method who provided answers on every SUS item in the first experiment: 

SUS statements 
URS-HE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
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1 2 3 4 5 
I think that I would like to use this website frequently. 0.00% 18.75% 6.25% 56.25% 18.75% 
I found the website unnecessarily complex. 12.50% 25.00% 31.25% 25.00% 6.25% 
I thought the website was easy to use. 0.00% 6.25% 56.25% 37.50% 0.00% 
I think that I would need the support of a technical person to be able to use this website 6.25% 0.00% 56.25% 37.50% 0.00% 
I found the various functions in this website were well integrated. 0.00% 43.75% 12.50% 43.75% 0.00% 
I thought there was too much inconsistency in this website. 6.25% 6.25% 56.25% 31.25% 0.00% 
I would imagine that most people would learn to use this website very quickly. 0.00% 12.50% 6.25% 43.75% 37.50% 
I found the website very cumbersome/awkward to use. 12.50% 31.25% 25.00% 25.00% 6.25% 
I felt very confident using the system. 0.00% 12.50% 56.25% 31.25% 0.00% 
I needed to learn a lot of things before I could get going with this system. 6.25% 0.00% 50.00% 43.75% 0.00% 

 

Percentage of evaluators in HE method who provided answers on every SUS item in the first experiment: 

SUS statements 
HE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 12.50% 62.50% 25.00% 0.00% 0.00% 
I found the website unnecessarily complex. 0.00% 12.50% 31.25% 43.75% 12.50% 
I thought the website was easy to use. 12.50% 37.50% 37.50% 12.50% 0.00% 
I think that I would need the support of a technical person to be able to use this website 6.25% 0.00% 43.75% 50.00% 0.00% 
I found the various functions in this website were well integrated. 0.00% 75.00% 18.75% 6.25% 0.00% 
I thought there was too much inconsistency in this website. 0.00% 12.50% 31.25% 50.00% 6.25% 
I would imagine that most people would learn to use this website very quickly. 6.25% 0.00% 37.50% 56.25% 0.00% 
I found the website very cumbersome/awkward to use. 12.50% 12.50% 43.75% 18.75% 12.50% 
I felt very confident using the system. 0.00% 6.25% 75.00% 18.75% 0.00% 
I needed to learn a lot of things before I could get going with this system. 12.50% 0.00% 31.25% 56.25% 0.00% 
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Adjective Rating for SUS Score of UEMs in the first experiment: 
  

UES-HE URS-HE HE UT   
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Worst Imaginable 1 1 6.25% 0 0.00% 0 0.00% 1 5.00% 
Awful 2 2 12.50% 2 12.50% 1 6.25% 2 10.00% 
Poor 3 8 50.00% 8 50.00% 8 50.00% 6 30.00% 
OK 4 4 25.00% 4 25.00% 5 31.25% 4 20.00% 
Good 5 1 6.25% 0 0.00% 1 6.25% 3 15.00% 
Excellent 6 0 0.00% 1 6.25% 1 6.25% 4 20.00% 
Best Imaginable 7 0 0.00% 1 6.25% 0 0.00% 0 0.00%  

Total 16 100% 16 100.00% 16 100.00% 20 100.00% 
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Percentage of users’ satisfaction with the usability of the targeted website in the first experiment: 
  

UT   
Frequency Frequency 

 Percentage 
Worst Imaginable 1 1 5.00% 
Awful 2 2 10.00% 
Poor 3 6 30.00% 
OK 4 4 20.00% 
Good 5 3 15.00% 
Excellent 6 4 20.00% 
Best Imaginable 7 0 0.00%  

Total 20 100.00% 

Percentage of evaluators in US-HE method who provided answers on every SUS item in the second experiment: 

SUS statements 
US-HE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 0.00% 31.25% 37.50% 31.25% 0.00% 
I found the website unnecessarily complex. 0.00% 0.00% 62.50% 37.50% 0.00% 
I thought the website was easy to use. 0.00% 18.75% 62.50% 18.75% 0.00% 
I think that I would need the support of a technical person to be able to use this website 6.25% 43.75% 25.00% 18.75% 6.25% 
I found the various functions in this website were well integrated. 0.00% 0.00% 25.00% 50.00% 25.00% 
I thought there was too much inconsistency in this website. 6.25% 43.75% 31.25% 12.50% 6.25% 
I would imagine that most people would learn to use this website very quickly. 0.00% 6.25% 56.25% 31.25% 6.25% 
I found the website very cumbersome/awkward to use. 0.00% 6.25% 56.25% 37.50% 0.00% 
I felt very confident using the system. 0.00% 12.50% 56.25% 31.25% 0.00% 
I needed to learn a lot of things before I could get going with this system. 0.00% 0.00% 81.25% 18.75% 0.00% 

 

Percentage of evaluators in HE method who provided answers on every SUS item in the second experiment: 



 

252 

SUS statements 
HE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 0.00% 50.00% 43.75% 6.25% 0.00% 
I found the website unnecessarily complex. 0.00% 18.75% 43.75% 31.25% 6.25% 
I thought the website was easy to use. 6.25% 6.25% 37.50% 50.00% 0.00% 
I think that I would need the support of a technical person to be able to use this website 0.00% 12.50% 50.00% 37.50% 0.00% 
I found the various functions in this website were well integrated. 0.00% 56.25% 31.25% 12.50% 0.00% 
I thought there was too much inconsistency in this website. 12.50% 12.50% 50.00% 25.00% 0.00% 
I would imagine that most people would learn to use this website very quickly. 0.00% 43.75% 43.75% 12.50% 0.00% 
I found the website very cumbersome/awkward to use. 0.00% 12.50% 43.75% 31.25% 12.50% 
I felt very confident using the system. 6.25% 6.25% 68.75% 18.75% 0.00% 
I needed to learn a lot of things before I could get going with this system. 6.25% 0.00% 50.00% 43.75% 0.00% 
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Percentage of evaluators in US-CHE method who provided answers on every SUS item in the third experiment: 

SUS statements 
US-CHE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 25.00% 25.00% 50.00% 0.00% 0.00% 
I found the website unnecessarily complex. 0.00% 0.00% 25.00% 50.00% 25.00% 
I thought the website was easy to use. 25.00% 50.00% 0.00% 25.00% 0.00% 
I think that I would need the support of a technical person to be able to use this website 0.00% 25.00% 0.00% 50.00% 25.00% 
I found the various functions in this website were well integrated. 0.00% 25.00% 75.00% 0.00% 0.00% 
I thought there was too much inconsistency in this website. 25.00% 0.00% 0.00% 25.00% 50.00% 
I would imagine that most people would learn to use this website very quickly. 0.00% 0.00% 50.00% 50.00% 0.00% 
I found the website very cumbersome/awkward to use. 0.00% 0.00% 25.00% 75.00% 0.00% 
I felt very confident using the system. 0.00% 0.00% 75.00% 25.00% 0.00% 
I needed to learn a lot of things before I could get going with this system. 0.00% 0.00% 50.00% 0.00% 50.00% 

Percentage of evaluators in US-ICHE method who provided answers on every SUS item in the third experiment: 

SUS statements 
US-ICHE 

Strongly disagree Disagree  Neither  Agree  Strongly agree 
1 2 3 4 5 

I think that I would like to use this website frequently. 0.00% 50.00% 50.00% 0.00% 0.00% 
I found the website unnecessarily complex. 0.00% 0.00% 0.00% 50.00% 50.00% 
I thought the website was easy to use. 0.00% 75.00% 0.00% 25.00% 0.00% 
I think that I would need the support of a technical person to be able to use this website 0.00% 0.00% 25.00% 75.00% 0.00% 
I found the various functions in this website were well integrated. 0.00% 50.00% 50.00% 0.00% 0.00% 
I thought there was too much inconsistency in this website. 0.00% 0.00% 50.00% 25.00% 25.00% 
I would imagine that most people would learn to use this website very quickly. 0.00% 50.00% 50.00% 0.00% 0.00% 
I found the website very cumbersome/awkward to use. 0.00% 0.00% 0.00% 50.00% 50.00% 
I felt very confident using the system. 0.00% 50.00% 0.00% 50.00% 0.00% 
I needed to learn a lot of things before I could get going with this system. 0.00% 0.00% 25.00% 50.00% 25.00% 
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Adjective Rating for SUS Score of UEMs in the second and third experiment: 
  

US-HEERS US-CHE US-ICH HE   
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Frequency Frequency 

 Percentage 
Worst Imaginable 1 0 0.00% 0 0.00% 0 0.00% 0 0.00% 
Awful 2 5 31.25% 0 0.00% 0 0.00% 2 12.50% 
Poor 3 7 43.75% 2 50.00% 3 75.00% 7 43.75% 
OK 4 1 6.25% 2 50.00% 1 25.00% 5 31.25% 
Good 5 2 12.50% 0 0.00% 0 0.00% 2 12.50% 
Excellent 6 1 6.25% 0 0.00% 0 0.00% 0 0.00% 
Best Imaginable 7 0 0.00% 0 0.00% 0 0 0 0.00%  

Total 16 100% 4 100.00% 4 100.00% 16 100.00% 
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Percentage of users’ satisfaction with the usability of the targeted website in the second and third experiment: 
  

UT   
Frequency Frequency 

 Percentage 
Worst Imaginable 1 0 0.00% 
Awful 2 6 30.00% 
Poor 3 5 25.00% 
OK 4 5 25.00% 
Good 5 2 10.00% 
Excellent 6 2 10.00% 
Best Imaginable 7 0 0.00%  

Total 20 100.00% 
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Appendix I: UEMS PERFORMANCES IN DETECTING USABILITY PROBLEMS FOR THE FIRST EXPERIMENT 

(CONSOLIDATING USABILITY PROBLEMS FROM 534 USABILITY PROBLEMS) 

• The predicted problems detected by evaluators (UES-HE, URS-HE, or HE methods) confirmed by UT method. 

  
   Discovered by 

No. Usability problems 
Severity 
rating 

Location of 
the problem 

UES-HE URS-HE HE UT 

Problem 1 

 ال نیذلا نومدختسملا .ةمیلس تسیل )ةغللا ةمجرت( تارایخ
 ةغللا رییغت ىلع نورداق ریغ )ةیزیلجنالا ةغللا( نوفرعی
 سكعلاو ةیزیلجنإلا ةخسنلا نم ةیبرعلا ةغللا ىلا عقوملل

 حیحص

Language translation options are not 
proper.  
Users who do not know Arabic 
language are unable to change 
Website’s language to Arabic from 
English version and vice versa. 

4 
 ةحفصلا
ةیسیئرلا  

* * * * 

Problem 2 
 حضاو لكشب يئرم ریغ وھ "ةطیرخلا ىلع ضرع" رایخ
 هذھ طاقتلا مھنكمی ال نیمدختسملا نا ثیح نیمدختسملل
 .ةلوھسب ةفیظولا

" ةطیرخلا ىلع ضرع " option is not 
clearly visible to users. Users cannot 
catch this function easily. 

2 
 جئاتن ةحفص

ثحبلا  
* *  * 

Problem 3 

 ىلع يعامتجالا لصاوتلا تاصنمل ةجاحلا نع ةدئاز فئاظو
 يذلا ام يف طلخلا نومدختسملا ھجاوی كلذل ةحفصلا سفن
 اھمادختسا متی ىتم و اھنم ھمادختسا بجی

Redundant functionalities for Social 
platforms on the same page. Users get 
confused on which one to use and 
when. 

3 
 ةحفصلا
ةیسیئرلا  

*  * * 
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Problem 4 

 نیوانعلا نول طبر بعصلا نم ھنأ نورعشی نومدختسملا
 ةطبترملا تایلاعفلا عاونأ عم تایلاعفلا فیناصتل ةیریسفتلا

Users feel it difficult to associate Color 
legends with associated Event types. 1 

 ةحفص
 تایلاعفلا
خیراتلا بسح  

* *  * 

Problem 5 

 ةدوقفم "لكلا " رایتخالا عبرمل ةمعادلا ةیمستلا
 "لكلا" رایتخالا عبرم طبر ىلع نیرداق ریغ نومدختسملاو
 .)ةلدسنملا ةمئاقلا( يف مدقملا ىوتحملا عم

Supporting label for " لكلا " Checkbox 
is missing and users are unable to link 
it with content provided in dropdown 
list. 

2 
 ةحفصلا
ةیسیئرلا  

* * * * 

Problem 6 

 نیتلدسنملا نیتمئاقلا عم لماعتلا يف قسانت كانھ سیل
 جئاتن ةحفص يف ثحبلل رایعمك )ةنیدملا( و )ةقطنملا(
 ندم ھب سیل "ةقطنملا" رایخ يف "لكلا" نأ ثیحب ،ثحبلا
 قطانملا فالخ ىلع كلذو "ةنیدملا" ةناخ يف اھب ةطبترم
 .اھب ةطبترم ندم اھل رھظت يتلا ىرخألا

There is no consistency regarding 
behavior of the drop down menus 

( ةقطنملا ) and ( ةنیدملا ) as search filter on 
the search results page, so that 

selecting " لكلا " in the " ةقطنملا " field 
has no associated cities in the "city" 
field. This is contrary to what happens 
on choosing other regions which have 
associated cities. 

3 
 ثحبلا ةحفص
 ةحفص وأ
ثحبلا جئاتن  

* *  * 

Problem 7 

 عقوملا سفنو مجحلا سفنب عقوملل logo نیراعش كلانھ دجوی
 مدختسملا لقنت تاراعشلا هذھ .دحاو logo راعش نمً الدب
 مدختسملل طلخ ببسی اذھو رخآ عقومل

There are two logos with the same size 
for the same website instead of one. 
These logos transfer users to another 
website and this causes confusion. 

عقوملا لماك 3  * *  * 
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Problem 8 

 دنع مدختسملا ھمدختسا يذلا لیمیإلل ةقداصم رفوی ال ماظنلا
 مدختسملا نأ ثیحب ،عقوملا يف "login" لوخدلا لیجست
 يمھو لیمیا ربع عقوملا يف "login" لوخدلا لیجست ھنكمی
 يف ھباسحب مدختسملا مكحت مدع ببسی كلذو يقیقح ریغو
 رورملا ةملك ةداعتسا :لثمً اقحال عقوملا

System does not authenticate e-mail 
address provided by user when logging 
in the website, so user can login using 
fake email address which later make 
him unable to control his account such 
as: Restoring password. 

4 

 لیجست ةحفص
 /لوخدلا

login  وا  
 ةداعتسا ةحفص
 /رورملا ةملك

forget 
password 

* * * * 

Problem 9 

 ةیلاعفلا ناونع( لوقح ىلعً ادامتعا ثحبلا نأ دجی مدختسملا
 ةرابع لوقحلا هذھ نأل .مادختسالا لھس سیل )ةھجلا مساو
 ءانثأ ةیئالما ًءاطخأ بكتری دق مدختسملاو صن عبرم نع
 دوجو ىلإ ةجاح كانھ نأ ىری ال مدختسملا نأ امك ،ثحبلا

 .)ةھجلا مسا( لقح

It is not easy for user to search events 

based on " ةیلاعفلا ناونع " and "  مسا
ةھجلا " fields,  because these fields are a 

text box and user may make typing 
errors during search, as well as user 
see that there is no need for (Agency 
name). 

2 
 جئاتن ةحفص

ثحبلا  
* * * * 

Problem 10 

 ربع )ةیلاعفلا لیصافت( دیدحت يف ةبوعص ھجاوی مدختسملا
  امھ نیببسل )ةطیرخلا ىلع ضرعلا( ةیصاخ
 ھنألً اریبكً اتقو ةیلاعفلا ىلإ لوصولا ھنم قرغتسی ھنأ    -1
 نمً الدب ةیلاعفلا ىلإ لوصولل ةدیدع تارم بیرقتلا بلطتی
 ةیلاعفلا ىلإ رشابملا لاقتنالاو ةیلاعفلا ةنوقیأ ىلع طغضلا
 .ةدحاو رز ةطغضب

 ،ةطیرخلا يف ةیلاعفلا لیصافت ضارعتسا دنع ھنألو    -2
 .مدختسملل يضرم ریغ لكشب اھمیدقت مت لیصافتلا هذھ نإف

User has difficulty identifying 

" ةیلاعفلا لیصافت " via "  ىلع ضرعلا
ةطیرخلا " option for two reasons 

1. It takes a lot of time to access event 
because it requires zooming in many 
times to reach the event intended 
instead of pressing the icon of the 
event and viewing it directly in a 
single press. 
2. When reviewing event details on the 
map, these details are presented in an 
unsatisfactory manner to user. 

3 
 جئاتن ةحفص

ثحبلا  
* *  * 
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Problem 11 

 نكمتی نل ھنإف ،قطانملل ندملا ءامتنا لھجی يذلا مدختسملا
 قطانملا عیمج فاشكتسا دعب الإ ،ةلوھسب ةنیدملا دیدحت نم
 ىلعً ادویق عضی اذھو اھدیری يتلا ةنیدملا نع ثحبلاو
 .ثحبلا تارایخ

A user who does not know which cities 
belong to a specific region will not be 
able to easily select the city, unless all 
regions are explored then select the 
city that he wants is searched, which 
limits search options. 

3 
 ثحبلا ةحفص

OR  ةحفص 
تایلاعفلا جئاتن  

*  * * 

Problem 12 

 ئیس لكشب ةمدقم )ةیسیئرلا ةحفصلا( يف ثحبلا ةفیظو
 .اھضعب عم لماكتم لكشب ةضورعم تسیلو مدختسملل

Search functionality in home page is 
poorly presented to user. Moreover, It 
is not presented in a coherent way. 

3 
 ةحفصلا
ةیسیئرلا  

 *  * 

Problem 13 

 لقح نأبً اكردم نكی مل مدختسملا :"كقیلعت فضأ" مسق يف
 لجأ نم ةیمازلإ لوقح يھ )ينورتكلالا دیربلا( و )مسالا(
 ً.ارخأتم كلذ فشتكی مدختسملا لعجی امم قیلعتلا لاسرإ

For Comment section, mandatory 
fields are not marked with a visual clue 
for users. So, they face errors later on. 

2 
 ةحفص

 لیصافت
ةیلاعفلا  

*   * 

Problem 14 
 يف ةضورعملا ةفلتخملا ماقرألا مھف ىلع رداق ریغ مدختسملا

  )ةطیرخلا ىلع ضرع( ةیصاخ
The user is unable to understand the 
different numbers shown in the 

" ةطیرخلا ىلع ضرع " option.  
1 

 جئاتن ةحفص
ثحبلا  

 *  * 

Problem 15 

 بسح تایلاعفلا( صن ىنعم كاردإ ىلع رداق ریغ مدختسملا
 .ةحفصلا ىلعأ يف ةنوقیأ لكش ىلع دوجوملا )خیراتلا

Users are unable to understand the 

meaning of “ خیراتلا بسح تایلاعفلا ” 
which is displayed as an icon in the 
upper part of the page. 

1 
 ةحفصلا
ةیسیئرلا  

*   * 

Problem 16 

 ةضورعم )رئازلا لیجست( ةحفص يف لیجستلا تارایخ
 تاءارجإ ءاھنإلً اتقو قرغتست اھنأ امك مدختسملل ئیس لكشب
 .لیجستلا

Registration options in “ رئازلا لیجست ” 
page are poorly shown to users and it 
takes more time to complete this 
process. 

3 
visitor 

registration 
رئاز لیجست  

*   * 
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Problem 17 

 جذومن ةئبعت ءانثأ ءاطخألا نم ریثكلا ھجاوی مدختسملا
 دعب الإ ءاطخألا هذھ مدختسملا فشتكی ال ثیح لیجستلا
 جذومن لماك ءلم ةداعإل اھدعب رطضیو میلستلا جذومن میلست
 .ىرخأ ةرم لیجستلا

Users experience a lot of errors while 
filling out registration form where they 
do not detect these errors until after 
submitting the form, then they have to 
re-fill the entire registration form 
again. 

3 
visitor 

registration 
رئاز لیجست  

*   * 

Problem 18 
 ال مدختسملا نأ ثیح ً.ادج تھاب عقوملل صنلا ىوتحم رھظم
  لھس لكشب ىوتحملا اذھ ةءارق ىلع رداق ھنأب رعشی

Website content is very pale looking to 
users so they feel that they can’t easily 
read this content. 

عقوملا لماك 1   *  * 

Problem 19 

 :لثم ،عقوملا يف ھعونو طخلا مجح نیب قسانتلا ىلإ راقتفالا
 .)مكحتلا ةحول( و )خیراتلا بسح تایلاعفلا(

Lack of coherence between the size 
and the type of font on the website 

such as " خیراتلا بسح تایلاعفلا " and 

" مكحتلا ةحول ". 

عقوملا لماك 3  *   * 

Problem 20 

 ةحفص يف )روصلا ضرعم( هزیم دوجو نم مغرلا ىلع
 ضعب يف ةغراف اھدجی مدختسملا نأ الإ ةیلاعفلا لیصافت
 .تایلاعفلا

Although there is a feature called 

( روصلا ضرعم ) on the event details 
page, the user finds them empty in 
some events. 

2 
 ةحفص

 لیصافت
ةیلاعفلا  

*   * 

Problem 21 

 مدختسملل ئیس لكشب ةضورعم ةیلاعفلا لیصافت تامولعم
 .لیصافتلا هذھ صحفل ىضرلاب مدختسملا رعشی ال ثیحب

Event details are poorly presented to 
users this is why users do not feel 
satisfied when reviewing these details. 

1 
 ةحفص

 لیصافت
ةیلاعفلا  

 *  * 
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Problem 22 

 لخاد ةدوجوملا )مامتھالا لحم تایلاعفلاو تاھجلا( ةزیم
 بسانم ریغلا ناكملا يف اھعضو مت )مكحتلا ةحول( ةحفص
 ةحفص لخاد ةدوجوملا ةیلاعفلا عبات( ةزیم نمً الك نأل
 مامتھالا لحم تایلاعفلاو تاھجلا( و )ةیلاعفلا لیصافت
 ناطبترم امھالك )مكحتلا ةحول ةحفص لخاد ةدوجوملا
 ةحفصلا سفن يف اونوكی نأ بجیوً ایقطنم ضعبلا امھضعبب
 ًاعم

The " مامتھالا لحم تایلاعفلاو تاھجلا " 

feature on the " مكحتلا ةحول " page has 
been placed in an inappropriate 

location as both the features ("  عبات
ةیلاعفلا " on the event details page) and 

(" مامتھالا لحم تایلاعفلاو تاھجلا " in 
Control Panel page) are both logically 
related and must be on the same page 
together. 

3 

 ةحفص    -1
مكحتلا ةحول  

 ةحفص  -2
 لیصافت
ةیلاعفلا  

*   * 

Problem 23 

 )ةیلاعفلا لیصافت( و )ةیلاعفلاب مامتھالا ءاغلإ( تانوقیأ
 نع ربعت ال )مامتھالا لحم تایلاعفلا( ةحفص يف ةدوجوملا
 اھمھف ةبوعص ببسی امم ،بولطملا لكشلاب اھانعمو اھتفیظو
 .اھتیؤر دنع مدختسملا لبق نم

" ةیلاعفلاب مامتھالا ءاغلإ " and "  لیصافت
ةیلاعفلا " icons that are on the "  تایلاعفلا

مامتھالا لحم " page don’t express their 
functions as required which makes 
them difficult to understand for users. 

1 
 ةحفص

 لحم تایلاعفلا
مامتھالا  

*   * 

Problem 24 

 ةحفص( يف ةدوجوملا )راوزلا تاقیلعت( ةحول طیطخت میمصت
 ةاذاحملاو دیجلا طیطختلا ىلإ رقتفت )ةیلاعفلا لیصافت
 ةحیحصلا

The layout of " راوزلا تاقیلعت " panel on 

the " ةیلاعفلا لیصافت ةحفص " page lacks 
good structure and proper alignment. 

1 
 ةحفص

 لیصافت
ةیلاعفلا  

*   * 

Problem 25 
 ببسی ىرخأ لیصافت عم )جورخلا لیجست( رایخ لخادت

 اھتءارق وا اھتظحالم ةبوعص
Poor readability of " جورخلا لیجست " 
option due to overlapping with other 
details. 

مكحتلا ةحول 1  *   * 
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• The realness of the predicted problems detected by evaluators (UES-HE, URS-HE, or HE methods) 

     Discovered by 

No. Usability problems Severity 
rating 

Location of the 
problem UES-HE URS-HE HE 

Problem 1 
 لیجست( ةحفص نم نیفلتخم نیعون فداص مدختسملا
 عقوملل ھحفصت لالخ )login / لوخدلا

Users encountered two different 

types of " لوخدلا لیجس  / login" page 
while browsing the site. 

ةیلاعفلا لیصافت ةحفص 3  * *  

Problem 2 

 لوقحلا ءلم ةلاح نع ةعجار ةیذغت ىقلتی ال مدختسملا
 :لثم

 ال ما ةیوق تناك اذإ ام رورملا ةملك لقح ةلاح -

 نم ھمادختسا مت دق ناك اذإ امو ينورتكلالا دیربلا ةلاح -
 .ال ما لبق

The user does not receive feedback 
about the status of filling fields such 
as: 

- Whether the password field is 
strong or not  

- Email status and whether it has 
been used by or not. 

رئاز لیجست ةحفص 3  * *  

Problem 3 
 يف ةدوجوملا "يعانص رمق" و "ةطیرخ" تارایخ
 .مدختسملل ةیئرم ریغ ةطیرخلا

The " ةطیرخ " and " يعانص رمق " 
options in the map are not visible to 
the user. 

ةیلاعفلا لیصافت ةحفص 4  * * * 

Problem 4 
 تایلاعفلا ةحفص يف ةدوجوملا ماوعألا نیب لقنتلا مھسأ

 .مدختسمللً ادج ةیئرم ریغ خیراتلا بسح
Navigation arrows between the 
years on the (Events by Date) page 
are not clearly visible to the user. 

خیراتلا بسح تایلاعفلا 4  * *  
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Problem 5 
 دیربلا ناونع( وھو مدختسملل ةیصخشلا تامولعملا
 عقوملا ةحفص ىلع ھفشك مت دق )ينورتكلالا

The user's personal information (e-
mail address) were exposed on the 
webpage. 

ةیسیئرلا ةحفصلا 4  *   

Problem 6 

 يماظن نیب لضفملا مدختسملا رایتخا ظفحی ال ماظنلا
  )يدالیم/يرجھ( میوقتلا

 System does not save the user’s 
preferred calendar system (AD/AH) 
. 

3 
 جئاتن ةحفص    -1

ثحبلا  
ةیسیئرلا ةحفصلا  -2  

* * * 

Problem 7 

 نم )ریرقت لیمحت( ةنوقیأ ھینعت ام كردی مل مدختسملا
 ثحبلا جئاتن ةحفص يف ةدوجوملا ىلوألا ةرملا

User does not recognize "  لیمحت
ریرقت " icon by first look which exist 

on search results page. 

ثحبلا جئاتن ةحفص 3  * * * 

Problem 8 

 ھتلواحم دنع مدختسملل رھظت ةبیرغو ءاضیب ةحفص
 :لثم ،يعامتجالا لصاوتلا تاصنم ربع عقوملا ةكراشم
 كوب سیفلا

A strange white page appears to the 
user when he/she tries to share 
content via social networking 
platforms, such as: Facebook 

عقوملا لماك 3  * *  

Problem 9 
 دنعو عقوملا يف ةدوجوملا )يدالیم/يرجھ( ةنوقیأ
 اھل حیملت ةادأ رھظت ال اھنإف اھیلع ةرأفلا رشؤم عضو

Tooltip is not provided to user on 
AD/AH option. 3 ةیسیئرلا ةحفصلا  * *  

Problem 10 

 بسح تایلاعفلا( ةحفص يف تایلاعفلا فاشكتسا ةبوعص
 .میوقتلا يف ددحم موی ةطساوب )خیراتلا

Difficult to explore events by 

specific date in "  بسح تایلاعفلا
خیراتلا " page. 

خیراتلا بسح تایلاعفلا 3  * *  

Problem 11 
 )ةمداقلا تایلاعفلا( ضارعتسا ىلع رداق ریغ مدختسملا
 عقوملا يف

User is unable to explore upcoming 
event details in the website. 3 ةیسیئرلا ةحفصلا    * 
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Problem 12 

 )جئاتنلا ددع( سفن ىلع لوصحلا نم نكمتی مل مدختسملا
 بیوبت ىلإ لوحت امدنع ثحبلا جئاتن ةحفص يف ةرھاظلا
 .)ةطیرخلا ىلع ضرع(

User cannot get the same number of 
results that appeared on the search 
results page when it was converted 

to the " ةطیرخلا ىلع ضرع " tab. 

ثحبلا جئاتن ةحفص 3   *  

Problem 13 

 ةحول( يف دوجوملا )يصخشلا فلملا( ةحفص لخاد
 )ریخألا مسالا( ةناخو )لوألا مسالا( ةناخ كانھ )مكحتلا
 لبقی ماظنلا نكلو * يرابجإلا ءلملا ةمالع اھبناجب دجوی
 ةغراف اھكرت

The " يصخشلا فلملا " page of the 

Control Panel has ( لوألا مسالا ) and 

( ریخألا مسالا ) fields which are 
mandatory fill fields but the system 
allows leaving it empty. 

يصخشلا فلملا ةحفص 3  *   

Problem 14 

 يتلا ثحبلا رییاعم عم ةدیجلا ةبرجتلاب رعشی ال مدختسملا
 اھنم لفسأ جئاتنلاو ةحفصلا ىلعأ رھظت

The user does not get a good 
experience with the search criteria 
that appear at the top of the page 
and the results below. 

ثحبلا جئاتن ةحفص 2  * * * 

Problem 15 

 يف لیجستلا ةیلمع لامكإ دعب مدختسملا رعُشی ال ماظنلا
 حاجنب لیجستلا ةیلمع تمت اذإ ام )رئاز لیجست( ةحفص

 .ال مأ

The user has not received a message 
from the website about the success 
or failure of the visitor registration 
process. 

رئاز لیجست 2  * * * 

Problem 16 

 ریباعت( تانوقیأل ھتدھاشم دنع ةطبخللاب رعشی مدختسملا

 .اھدوجو نم ضرغلا نم بجعتیو )ھجولا

The user feels confused when 

viewing the (Emoji ) 
icons and wonders about its 
intended purpose. 

ةیلاعفلا لیصافت ةحفص 2  * * * 
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Problem 17 

 لیجست( رایخ ناكم دیدحت نم مدختسملا نكمتی مل
 ةحفصلا نم ھعقوم ببسب ةیسیئرلا ةحفصلا يف )لوخدلا
 ةدیدج ةحفص ىلإ ھلاقتنا نم جعزنم ھنأ امك عقوتم ریغلا
 .لوخدلا لیجستل

The user was unable to locate the 

" لوخدلا لیجست " option on the home 
page because of its unexpected 
location on the page, and was also 
annoyed that he had moved to a new 
login page. 

2 
 لیجست ةحفص    -1

لوخدلا  
ةیسیئرلا ةحفصلا  -2  

* *  

Problem 18 
 ةلوھس رثكأ ناونع ریفوت عقوملا نم عقوت مدختسملا
 مادختسالل

The user expected from the site to 
provide a more user-friendly address 2 ةیلاعفلا لیصافت  *  * 

Problem 19 

 متی مل )رئاز لیجست( ةحفص يف دوجوملا )ققحتلا زمر(
 ةلاح يف ماظنلا لبق نم اغرافً القح ھلعجو هاوتحم ةلازإ
 أطخ دوجو ةلاح يف وأ )دیدج نم جذومنلا ةئبعت ةداعإ(
 .جذومنلا لیصافت يف

Content of the (captcha box) is not 
automatically restored empty by the 
system when the user tries to (Refill 
form) or if there is an error in the 
details of the form. 

رئاز لیجست ةحفص 2  *  * 

Problem 20 
 ةفاضإ ةزیمل ةجاحلا يف ریكفتللً اتقو قرغتسا مدختسملا
  Outlook ىلإ ةیلاعفلا

User spent more time to understand 
the need for adding the event to 
Outlook. 

ةیلاعفلا لیصافت 2   *  

Problem 21 

 ،میوقتلا كولس يف ریغتلا هاجت ةطبخللاب رعشی مدختسملا
 نكلو زیمم نولب )دحألاو تبسلا( يموی زاربإ متی ثیح
 موقی میوقتلا نإف میوقتلل ةدوعلاو ىرخأ ةرم ثحبلا دنع
 .دحألاو تبسلا نمً الدب زیمم نولب )ةعمجلا( موی زاربإب

The user feels confused about the 
change in the behavior of the 
calendar, where the days (Saturday 
and Sunday) are highlighted in a 
distinctive color, but when 
searching back and returning to the 
calendar, the calendar will highlight 
on Friday in a distinctive color 
instead of Saturday and Sunday. 

ةیسیئرلا ةحفصلا 2   *  
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Problem 22 

 ةدوجوملا )دیدج باسح ءاشنإ( و )رورملا ةملك تیسن(
 لكشب مدختسملل ھضرع مت )لوخدلا لیجست( ةحفص يف

 مت )دیدج باسح ءاشنإ( نأل / بیترتلا يف يقطنم ریغ
 لكشب رھظی اذھو )رورملا ةملك تیسن( تحت اھعضو
 .مدختسملل يقطنم ریغ

" رورملا ةملك تیسن " and "  ءاشنإ
دیدج باسح " in the login page was 

arranged in a non logical way 

because " دیدج باسح ءاشنإ " was 

placed below " رورملا ةملك تیسن " 
and this is not logical for the user. 

لوخدلا لیجست ةحفص 2  *   

Problem 23 

 ) J L K ( تانوقیأ مادختسا يف دیقم مدختسملا
 ماظنلا نأل كلذو )ةیلاعفلا لیصافت ةحفص( يف ةدوجوملا
 .اھمادختسا لبق لوخدلا لیجستب ھمزلی

User is restricted to using icons (J 

L K) exist in "  لیصافت ةحفص
ةیلاعفلا " because the system needs to 

log in before using it. 

ةیلاعفلا لیصافت 2  *   

Problem 24 

 )Sign In لوخدلا لیجست( ةیصاخ مدختسملل رفوی ماظنلا
 عبات( ةزیم هرایتخا دعب )رئاز لیجست( ةیصاخ نودب
 )ةیلاعفلا

The system provides the user with 

the " لوخدلا لیجست  Sign In" feature 

without a feature for " رئاز لیجست " 

after selecting the " ةیلاعفلا عبات " 
option. 

ةیلاعفلا لیصافت 2    * 

Problem 25 

 مدختسم/لوخدلا لیجست( داجیإ ىلع رداق ریغ مدختسملا
 ةحفص يف وأ ةیسیئرلا ةحفصلا يف ةلوھسب )دیدج
 )ةیلاعفلا لیصافت(

The user is unable to find "  لیجست
دیدج مدختسم/لوخدلا " easily on the 

home page or on the (Event Details) 
page. 

1 
ةیسیئرلا ةحفصلا    -1  

ةیلاعفلا لیصافت  -2  
* * * 

Problem 26 
 .Space utilization is very poor ئیس عقوملا يف تاحاسملا مادختسا

عقوملا لماك 1  * * * 
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Problem 27 

 ةحفص( و )مكحتلا ةحول( نم لك ةحفص يف تانوقیألا
 ةیحیضوتلا تایمستلاو مزاللا نم ربكأ )رئاز لیجست

 .دیج لكشب ةیئرم ریغ

The icons on both " مكحتلا ةحول " and 

" رئاز لیجست ةحفص " are too large 
and illustrative labels are not 
properly visible. 

1 
 لیجست ةحفص    -1

رئاز  
مكحتلا ةحول  -2  

*  * 

Problem 28 

 ةلھس ةلیسو رفوت ال )خیرات ىلإ( و )خیرات نم( لقح
 ضرع مدع ببسب ةیلاعفلا نأشب هرارق ذاختال مدختسملل
 .ھسفنب دكأتلا ىلإ هرارطضاو )مویلا مسا(

" خیرات نم " and " خیرات ىلإ " fields 
don’t provide an easy means for the 
user to make his decision because of 
not viewing the day’s name so the 
user has to make sure by himself. 

ةیلاعفلا لیصافت 1  * * * 

Problem 29 
 User found the website’s عقوملا هوشتو ىنعم تاذ تسیل عقوملا )ةیفلخ( ةروص

background image is meaningless 
and distorts the website. 

عقوملا لماك 1  * * * 

Problem 30 

 )ةطیرخلا( يف ةضورعملا ةیلاعفلا لیصافت يف )مھسألا(
 .مدختسملا تتشتو لمعت ال

Arrows in the Event Details 
displayed on (Map) do not work and 
they distract the user. 1 

ةیلاعفلا لیصافت  

OR 

ةطیرخلا  

 *  

Problem 31 

 قسانتم ریغ عقوملا لماكل يطیطختلا لكشلاو لكیھلا
 .مدختسملل يضرمو

The theme, structure and layout of 
the whole website are not coherent 
and the user is not satisfied with 
them 

عقوملا لماك 1    * 
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Problem 32 

 كارتشالا ءاغلإ( وأ )لیجستلا ءاغلإ( ةزیم رفوی ال ماظنلا
 .مدختسمللً اجاعزإ كلذ ببسی امم )عقوملاب

The System doesn’t provide the 
option of de-registration or 
unsubscribing which annoys the 
user.  

عقوملا لماك 1    * 

Problem 33 

 تایلاعفلا نم ةریبكو ةلیوط ةمئاق ىلع لصحی مدختسملا
 )خیراتلا بسح تایلاعفلا( ةحفص يف ةنسلل هرایتخا دنع
 لممو بیرغ لكشب

The user gets a large and long list of 
events when he selects the year from 

" خیراتلا بسح تایلاعفلا " and this is 
boring. 

خیراتلا بسح تایلاعفلا 1   *  

Problem 34 

 )میوقتلا لیدعت( ةنوقیأ نم ىنعملا مدختسملا كردی مل
 ةلوھسب تایلاعفلا ةمئاق ةحفص ىلعأ

The user did not realize the use or 

meaning of the " میوقتلا لیدعت " icon at 
the top of the Events List page 
easily. 

خیراتلا بسح تایلاعفلا 1    * 

Problem 35 

 يف اھمدختسا يتلا ثحبلا تارایخ مدختسملا ركذتی ال
 .ثحبلا جئاتن ةحفص ىلإ ھلاقتنا دعب ةیسیئرلا ةحفصلا

The user does not remember the 
search options that they use on the 
home page after they've moved to 
the search results page. 

ثحبلا جئاتن 1  *   

Problem 36 

 لمعی میوقت ماظن يأ ةفرعم مدختسملل حمسی ال ماظنلا
 .مدختسملا هراتخا ماظن يأو

The system does not allow the user 
to know which calendar system is 
used nor which system the user has 
selected. 

ةیسیئرلا ةحفصلا 1  * *  

Problem 37 

 لودج لخاد )حسم( رز دوجو نم مدختسملا برغتسی
 مھفی مل ھنأل )ةیاھنلا خیرات( و )ةیادبلا خیرات( تارایخ
 .اھنم ةدئافلا

The user gets confused when he sees 

" حسم " button inside the table of 

" ةیادبلا خیرات " and " ةیاھنلا خیرات " 
options because the user did not 
understand its function. 

.ةیسیئرلا ةحفصلا 1  *   
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Problem 38 

 )تایلاعف نع ثحبلا( ةنوقیأ دوجو نأب رعشی مدختسملا
 ةنوقیأ نأو )مكحتلا ةحول( لخاد ةرورض ھل سیل
 )مكحتلا ةحول( لخاد ةرورض ھل سیل )جورخلا لیجست(
 عقوملا لماك يف نوكت نأ بجی لب

The user feels that "  نع ثحبلا
تایلاعف " and " جورخلا لیجست " icons 

are not necessary in control panel 
instead it should be in the whole 
website. 

مكحتلا ةحول 1  *   

Problem 39 

 امدنع ماظنلا نم فرصتلا اذھ لثم عقوتی ال مدختسملا
ً الثم ةروصلا ریبكتل )ةیلاعفلا راعش( ىلع رقنلا لواحی
 ىلع ھعضو دنع رشؤملا نأ مغر بیجتسی ال ماظنلا نإف
 رقنلل لباق راعشلا اذھ نأب يحوی راعشلا

Unexpected behavior from the 
system when user tries to press 
(Event Logo) to zoom in image the 
desired action does not take place, 
although the cruiser shape changes 
on mouse hover as if image can be 
clicked and zoomed in. 

ةیلاعفلا لیصافت 1  *   

Problem 40 
 يف يدالیم/يرجھ رایخ دوجو نم جعزنم مدختسملا

 تاحفص ةدع
User does not feel good to have 
same AD/AH option on multiple 
pages. 

عقوملا لماك 0  * * * 

Problem 41 
 )فینصت sorting( و )ةیفصت filter( ماظنل عقوملا رقتفی
 .ةلیوطلا تایلاعفلا جئاتن ةمئاقل

The website lacks (filtering) and 
(sorting) functions for the long list 
of events. 

ثحبلا جئاتن 0  * * * 

Problem 42 

 تایلاعفلا" ـب صاخ راعش دوجو ظحالی مل مدختسملا
 "ةیدوعسلا ةحایسلا" راعش نمً الدب "ةیدوعسلا

User did not notice the logo of 
"Saudi Arabian events" instead of 
the logo of "Saudi Arabian 
Tourism". 

عقوملا لماك 0  * * * 

Problem 43 

 دیربلا ةباتك راركت نم جاعزنالاب رعشی مدختسملا
 ةحفص يف ھلیجست لالخ نیترم ھب صاخلا ينورتكلالا
 )رئاز لیجست(

User feels annoyed of writing his e-

mail twice in the "  لیجست ةحفص
رئاز ". 

رئاز لیجست 0  *  * 
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Problem 44 
 It is not pleasurable experience for ةدیج تسیل )رئازك لیجستلا( جذومن عم مدختسملا ةبرجت

user to deal with the form of 

" رئازك لیجستلا ". 
رئاز لیجست 0    * 

Problem 45 
 ةبحاص ةھجلا تامولعم( داجیإ يف ةبوعص مدختسملا دجی
 ةلوھسب )ةیلاعفلا

The user finds it difficult to locate 
event organizer details on event 
details page. 

ةیلاعفلا لیصافت 0  *  * 

Problem 46 
 ةلھس تسیل ثحبلا جئاتنل )تاحفصلا میقرت( ةزیم
 لماعتلا

The feature (page numbering) of the 
search results is not easy to handle. 0 ثحبلا جئاتن  * * * 

Problem 47 
 ةیئرم ریغ يھ رھشألا نیب لقنتلاب ةصاخلا مھسألا
  مدختسملل

Arrows to navigate between months 
are invisible to the user. 0 ةیلاعفلا لیصافت  *  * 

Problem 48 
 ببسب مدختسملل ةطبخل ببست )ةیلاعفلا تامولعم( ةحفص
 اھمیظنت مدع

Poor organization of (Event 
Information) page causes confusion 
for the user. 

ةیلاعفلا لیصافت 0  *  * 

Problem 49 

 ةیضرم تسیل )لوخدلا لیجست( عم مدختسملا ةبرجت
 طرتشت لب )مدختسم مسا( ربع لیجستلا رفوت ال اھنأل
 كلذ نمً الدب لیمیإلا مادختسا

The user experience with (login) is 
not satisfactory because it does not 
provide registration via (username), 
it requires the use of email instead. 

لوخدلا لیجست 0  *   

Problem 50 

 لقح لبق )يدالیم/يرجھ( رز عضو عقوت مدختسملا
 )ةیاھنلا خیرات( و )ةیادبلا خیرات(

The user expects to see a button of 

AD/AH before the fields "  خیرات
ةیادبلا " and " ةیاھنلا خیرات ". 

ةیادبلا ةحفص 0    * 

Problem 51 
 زمر( ىلإ رقتفی ةیلاعفلل ةمضنملا ةھجلل فتاھلا ناونع
 )ةلودلاب لاصتالا

The phone of the organizing entity 
of the event lacks the country code. 0 ةیلاعفلا لیصافت    * 
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Problem 52 
 ةحفص يف )ثحبلا رییاعم( راركت نم جعزنم مدختسملا
 )ثحبلا جئاتن(

The user is upset of repeating 
(search criteria) in the search results 
page. 

ةیلاعفلا لیصافت 0  * *  

Problem 53 

 )رئاز لیجست( ةنوقیأو )ةیلاعف بحاص لیجست( ةنوقیأ
 مدختسملل ةبسنلاب اھانعم نع ةربعم ریغ

Icon " ةیلاعف بحاص لیجست " and icon 

" رئاز لیجست " does not express its 
meaning to the user. 

دیدج مدختسم ةحفص 0   * * 

Problem 54 

 ةملك ھینعت ام باعیتسال مزاللا نم رثكأ مدختسملا لذب
 لقحل ةلدسنملا ةمئاقلا نمض ةدوجوملا )ىرخأ(
 تایلاعفلا نع ثحبلا رییاعم جذومن يف )فینصتلا(

The user has used too much effort to 

understand what the word " ىرخأ " in 

field drop-down list of " فینصتلا " 
field means in the Event Search 
Criteria form. 

ثحبلا جئاتن 0    * 

Problem 55 
 تایلاعفلا( ةنوقیأ دوجول ةجاح كانھ نأ ىری ال مدختسملا

 ةلمم اھنأو )خیراتلا بسح
The user does not see the necessity 

for the icon " خیراتلا بسح تایلاعفلا ". 
ةیسیئرلا ةحفصلا 0    * 

Problem 56 
 ةحفص يف )لفقلا زمر( دوجو نم برغتسم مدختسملا
 ةدئاف نودب )لوخدلا لیجست(

The user is surprised by the 
existence of lock icon on the page 
(login) without no real benefit. 

لوخدلا لیجست 0  *  * 

Problem 57 

 ال )ةیلاعفلا لیصافت( ةحفص يف ةضورعملا تامولعملا
 ةراثإو تایلاعفلا نع ھتفرعمل مدختسملا علطتی ام لك يبلت
 ھمدع مأ اھتعباتم نأشب هرارق ذاختال اھب ھمامتھا

Information viewed on the (event 
details) page is insufficient and does 
not meet the needs and interests of 
the user to make his decision 
whether or not to follow the event. 

ةیلاعفلا لیصافت 0  * * * 
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Problem 58 
 ةلقتسم ةیسیئرلا ةحفصلا ةنوقیأ نوكت نأ عقوتی مدختسملا
 اھل ةیمست عضو عم ناونعلا نعً امامت

The user expects the home page 
icon to be completely independent 
of the title with its label. 

عقوملا لماك 0    * 
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• The unique problems of the UT method 

No. Usability problems Severity rating Location of the problem 

Problem 1 

 )ةیلاعفلا لیصافت ةحفص( يف نیعونك اھضرع مت خیراوتلا
 خیرات( لقح ضرع مت ثیح )ثحبلا جئاتن ةحفص( يف كلذكو
 اذھو )22/11/1436( )06/09/2015( نیعون يف )ةیادبلا
 اھل ةجاح ال لیصافت اھنأ مدختسملا ىریوً اشیوشت ببسی

Dates have been displayed as two types in (event 
details) page and (search result) page where the 

field " ةیادبلا خیرات " has been displayed in two 
types (06/09/2015) and (22/11/1436) which 
causes confusion and the user see them as useless 
details. 

4 
ةیلاعفلا لیصافت  

 و
ثحبلا جئاتن  

Problem 2 

 لثم ةیصخشلا مھتامولعم میدقت يف نوددرتم نومدختسملا
 ىلع )قیلعت( ةفاضإ لجأ نم )ينورتكلالا دیربلا ناونع(
 ةیلاعفلا

Users are reluctant to provide personal 
information like email ID in order to add 
comment on event page. 

ةیلاعفلا لیصافت 4  

Problem 3 
 ھتامولعم ربع لیجستلاب دیعس ریغو ماظنلا يف قثی ال مدختسملا
 )ينورتكلالا دیربلا( لثم ةیصخشلا

The user does not trust the system and is not 
happy to register via his personal information 
such as (email). 

عقوملا لماك 4  

Problem 4 
 تاحفص ربع ةلص تاذ تسیلو ةریثك لیصافتو تامولعم
  ماظنلا

Many information and details that are irrelevant 
across the website pages. 

عقوملا لماك 3  

Problem 5 ماظنلا تاحفص فلتخم ربع فیعض لقنتلا Poor navigation across various website pages. 3 عقوملا لماك  
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Problem 6 

 و )ةقطنملا( لقح عم لماعتلا يف ةطبخل ھجاوی مدختسملا
 ةنیدم نع ثحبلا يف بغری يذلا مدختسملا نأ ثیح ،)ةنیدملا(
 اھنأ عقوتو )ةقطنملا( لقح يف )ضایرلا( ةملك ددح ضایرلا
 نأ فشتكاو ةنیدملا لقح لامكإ نودب ثحبلا لمكأو ةنیدملا
 لمعی ال ثحبلا

The user faces confusion in dealing with the field 

" ةقطنملا " and " ةنیدملا ", where the user who wants 
to search for the city of Riyadh select the word 

" ضایرلا " in the field " ةقطنملا " and thought it was 
the city and complete the search without 

completing the " ةنیدملا " field therefore search did 
yield any results eventually. 

ثحبلا ةحفص 3  

Problem 7 مدختسملل ضرعت ال ةنیعم ةیلاعفل بتكت يتلا تاقیلعتلا 
Comments written for a specific event are not 
displayed to the user. 

ةیلاعفلا لیصافت 3  

Problem 8 
 ةحفص( ةمئاق يف ةیلاعفلا نع ةمدقملا تامولعملاو نیوانعلا
 لیصافت ةحفص يف رھظی ام سكعت ال )تایلاعفلا نع ثحبلا
 تامولعم نم ةیلاعفلا

Addresses and information about the event 
presented on the list of event search page does 
not reflect the information that appears in the 
event details page. 

تایلاعفلا نع ثحبلا ةحفص 2  

Problem 9 

 :تابیوبت ةعبرأ كانھ دجوی )ةیلاعفلا لیصافت ةحفص( لفسأ يف
 ةطیرخلا ىلع ضرع    -1
 روصلا ضرعم    -2
 تاھویدیفلا    -3
 ةقفرملا تافلملا    -4
 رھظی تابیوبتلا هذھ نم ھبیوبت لك نأ مدختسملا ظحال ثیح
 لك ناك اذإ امع ھلؤاست راثأ امم ،اھتحت )كقیلعت فضأ( مسق
 اھب طبترم سیل قیلعتلا مسق نأ مأ ھب صاخ قیلعت مسق ھل بیوبت
 .تباثو لكك ةیلاعفلاب طبترم لب

In the lower section of (event detail page) there 
are for tabs: 

ةطیرخلا ىلع ضرع    -1  

روصلا ضرعم    -2  

تاھویدیفلا    -3  

ةقفرملا تافلملا    -4  
The user notices that each tab shows (add a 
comment) section which made the user wonder if 
each tab has its own comment section or the 
comment section is related to the event as a 
whole. 

ةیلاعفلا لیصافت 2  
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Problem 10 

 قیلعتلا ةباتك دعب ةرشابم ةحفصلا ىلعأل مدختسملا لقنی ماظنلا
 نكمی ال امم "كقیلعت لسرأ" رز ىلع طغضلاو ةیلاعفلا ىلع
 و )ينورتكلا دیرب( لاخدإب بلاطت يتلا أطخلا ةلاسر ةیؤر نم
 )مسالا(

The system moves the user to the top of the page 
immediately after writing a comment on the event 

and press the " كقیلعت لسرأ " button, which makes 
it impossible to see the error message that 
prompts you to enter (email) and (name). 

ةیلاعفلا لیصافت 2  

Problem 11 
 يف ةدوجوملا تایلاعفلا ةمئاق بیترت ىلع رداق ریغ مدختسملا

 ةدھاشم ببسب )مامتھالا لحم تایلاعفلاو تاھجلا( ةحفص
 )ةیادبلا خیرات( دمتعی ال بیترتلا

Users were unable to sort events list which are in 

the " مامتھالا لحم تایلاعفلاو تاھجلا " because 
sorting does not depend on start day. 

2 
 لحم تایلاعفلاو تاھجلا

مامتھالا  

Problem 12 

 دنع رقنلل لباق نوكیل ھلكش ریغتی رشؤملا نا مدختسملا ظحال
 لقح ءانثتساب عقوملا يف ةلاعفلا تانوقیالاو لوقحلا ىلع ھعضو
 يتلا میوقتلا ةنوقیا ةصاخو )ةیاھنلا خیرات( و )ةیادبلا خیرات(
 لقحلا لخاد

User notes that the cursor changes its shape to be 
clickable when placed on the active fields and 

icons in the site except the field " ةیادبلا خیرات " and 

" ةیاھنلا خیرات ", especially the calendar icon inside 
the field. 

عقوملا لماك 2  

Problem 13 

 ھمساً القح كانھ نأ مدختسملا ظحال ةیلاعفلا لیصافت ةحفص يف
 رھظی نأ عقوتو ةغراف ةناخ ھبناجبو )ينورتكلالا عقوملا(
 مسا ىلع طغضلا نأ فشتكا نكلو ةناخلا هذھ يف عقوملا ناونع
 ةیلاعفلا عقومل ھلقنی ھسفن لقحلا

In event details page, users noticed that there is a 

field called " ينورتكلالا عقوملا " and beside it there 
is an empty field and the user expected that the 
website link would show up in this field but he 
found out that clicking the field name takes him 
to the event website. 

ةیلاعفلا لیصافت 1  

Problem 14 

 طخ( و )ضرعلا طخ( نم لك لقح دنعً اریثك فقوت مدختسملا
 يتلا ماقرألا مھفی ملو ةیلاعفلا لیصافت يف ةدوجوملا )لوطلا
 نودب نكل ةطیرخلا يف اھلاخدإو اھخسن لواح كلذل اھبناجب

 ىودج

It took the user a long time to understand "  طخ
ضرعلا " and " لوطلا طخ " in event details and he 

did not understand numbers next to them so he 
tried copying and inserting them in the map but it 
was useless. 

ةیلاعفلا لیصافت 1  
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Problem 15 
 خیرات( لقح يفً ایودی خیراتلا لاخدإ ىلع رداق ریغ مدختسملا
 )ةیاھنلا خیرات( + )ةیادبلا

User is unable to enter dates manually in the 

" ةیادبلا خیرات " and " ةیاھنلا خیرات " fields. 
عقوملا لماك 2  

Problem 16 

 خیرات( ھلوبق ببسب ماظنلا فرصت نم برغتسم مدختسملا
 ،ثحبلا تارایخ يف )ةیادبلا خیرات( لبق ھعضو مت يذلا )ةیاھنلا
  :لثم
 1/9/2015 ةیادبلا خیرات
 1/1/2015 ةیاھنلا خیرات
 مدختسملل قطنملا عم ىفانتی امم

The user is surprised by the behavior of the 

system accepting an " ةیاھنلا خیرات ", which was set 

before " ةیادبلا خیرات " in the search options, such 
as:  

1/9/2015 ةیادبلا خیرات  

  1/1/2015 ةیاھنلا خیرات
This is contrary to the user's logic. 

ةیسیئرلا ةحفصلا 3  

Problem 17 

 لھ :ھل ةدئاف رثكأ امھیأ لءاستو ریكفتلا يف قرغتسا مدختسملا
 لوقح( وأ )خیراتلا بسح ةیلاعفلا( قیرط نع ثحبلا وھ
 )ثحبلا

The user took time thinking and wondering which 
was more useful to him: Is it search by (event by 
date) or (search fields). 

ةیسیئرلا ةحفصلا 3  

Problem 18 

 :ببس يذلا رمألا "ينقت أطخ" مدختسملا ضرتعا
 ةیفیك ھتفرعم مدعو عقوملل مدختسملا حفصتل ةقاعإ    -1
 ھنم يفاعتلاو ينقتلا أطخلا اذھ عم لماعتلا

 ھل رھظ يذلا أطخلا ىنعم ةفرعم مدع ىلإ ةفاضإلاب    -2

The user encountered a (technical error) which 
caused: 
1- The user was not able to browse the website 
and did not know how to handle this technical 
error or to recover from it. 
2- He also does not know the meaning of the 
error. 

ةیلاعفلا لیصافت ةحفص 4  
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Appendix J: UEMS PERFORMANCES IN DISCOVERING USABILITY PROBLEMS FOR THE SECOND AND THIRD 

EXPERIMENT (CONSOLIDATING USABILITY PROBLEMS FROM 663 USABILITY PROBLEMS) 

• The predicted problems detected by evaluators (US-HE, US-CHE, US-ICHE, or HE methods) confirmed by UT method. 

     Discovered by 

No. Usability problems Severity 
rating 

Location of the 
problem US-HE US-CHE US-ICHE HE UT 

Problem 1 

 ىلع روثعلا رذعت( أطخ ةحفص ىقلتی مدختسملا
 ھحفصت دنع )server error( وأ )404 ةحفصلا
ً ادج دقعم ماظنلا نأ ىلإ كلذ دوعی دقو ،عقوملا
 لیقثو

The user receives n error page "  رذعت
404 ةحفصلا ىلع روثعلا " or "server 

error" during exploring the website 
and this may be because the system 
is very complicated and heavy. 

عقوملا لماك 4  * * * * * 

Problem 2 

 تاحفص ضعب يف جئاتن ىلع رثعی مل مدختسملا
 ءزج يف جئاتن ضرع مدع :لثم ،عقوملا
 طبار نمض "قوستلل يبد ناجرھم تاقفص"
 ضورع كانھً اضیأو "ةیجیورتلا ضورعلا"
 ةیلاحلا ةغللا ببسب ةحاتم ریغ

The user did not find any results in 
some of the website pages such as: 

no results shown in "  تاقفص
قوستلل يبد ناجرھم " within the link 

of " ةیجیورتلا ضورعلا ".  

2 
 ضورعلا
ةیجیورتلا  

*   * * 
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Problem 3 

 طبار داجیإ بعصلا نم ھنأ مدختسملا دجی
 ناونع تحت )لوخدلا تامولعمو ةریشأتلا(
 تابیوبتلا نمض اھنأ عقوت ھنأل )ةمھم طباور(
 ةحفصلا ىلعأ ةیسیئرلا

The user finds that it is difficult to 

find a link "  تامولعمو ةریشأتلا
لوخدلا " under the title " ةمھم طباور " 

because it is expected to be in the 
main tabs at the top of the page of 
website. 

عقوملا لماك 3  *   * * 

Problem 4 
 نم ریثكلا يوتحت عقوملا تاحفص ضعب
 عقوملا راسی/نیمی ىلع ءاضیبلا تاحاسملا
 عقوملا ىوتحم ىلإ ةفاضإلاب

Users find lots of white spaces 
unnecessary in the page. 3 

 تاحفص ضعب
عقوملا  

* *  * * 

Problem 5 

 ةحفص يف زجحلا ةریعست يف ةمدختسملا ةلمعلا
 ةضورعم ةرفوتملا ناریطلا تالحر نع ثحبلا
 طقف ةدحاو ةیبنجأ ةلمع يف مدختسملل

The currency used in the reservation 
pricing on the available flight search 
page is shown to the user in only one 
foreign currency. 

3 
 نع ثحبلا

 ناریطلا تالحر
ةرفوتملا  

*  *  * 

Problem 6 
 امم لیمحتللً الیوطً اتقو ذخأت عقوملا تاحفص

 راظتنالل مدختسملا رطضی
Some pages take a long time to load, 
forcing the user to wait. 3 عقوملا لماك  *  * * * 

Problem 7 

 تانوقیأ ىلع تاحیملتلا نأ رعشی ال مدختسملا
 )تایلاعفلا لیلد( و )Trip planner( :لثم ةماھ
 ةنوقیألا ىنعم مدختسملا كاردإل ٍفاك سیل
 ةعرسب

The user feels that hints on 
important icons like "trip planner" 

and " تایلاعفلا لیلد " are not enough 
for the user to understand the 
meaning quickly. 

عقوملا لماك 1  *  *  * 

Problem 8 
 ءاشنإ( ةفیظو داجیإ نم نكمتی مل مدختسملا

 ةلوھسب )باسح
Users are facing difficulty to find 
create account function. 3 عقوملا لماك  * *   * 



 

279 

Problem 9 

 )ةماھ طباور( مسق دجی نأ مدختسملا عقوت
 أجافت ھنكلو ةیسیئرلا نیوانعلا نمض ناونعك
 نود ةیسیئرلا نیوانعلا عیمج يف اھراركت نم
 اھتظحالم

The user expected to find a section 

" ةماھ طباور " as a title within the 
headlines but was surprised to find it 
present in all headlines but with poor 
visibility. 

عقوملا لماك 1  *   * * 

Problem 
10 

 تایلاعفلا ةیؤر ىلع رداق ریغ مدختسملا
 ططخم Trip planner( ىلإ ةفاضملا
 لیجستلا نودب )تالحرلا

Users are not able to see the events 

added to the "Trip planner ططخم 
تالحرلا " without login. 

4 Trip planner * * *  * 

Problem 
11 

 ةزیم مادختسا يف ةبوعص مدختسملا ھجاوی
 ططخمل ةفاضملا تایلاعفلا ةمئاق بیترت
 تالحرلا

The user is having difficulty using 
the order feature for the list of 
events added to the Trip Planner. 

3 Trip planner *  *  * 

Problem 
12 

 قدانفلا راعسأ بناجب ةغراف تالیطتسم دوجو
 مدختسمللً اكابرإ ببس

Blank box next to hotel prices will 
cause confusion to the user. 3 قدنف نع ثحب   *  * * 

Problem 
13 

 جئاتن رھظی تایلاعفلل نیعم فینصت نع ثحبلا
 )ثحبلا جئاتن رصح( مسق يف ةلص تاذ تسیل

Searching for a specific category of 
events shows irrelevant results in the 

" ثحبلا جئاتن رصح " section. 
جئاتنلا رصح 1     * * 

Problem 
14 

 بیوبت يف اھحتف نكمی ال عقوملا طباور ضعب
 نإف ةرأفلل نمیألا رزلاب طغضلا دنع ھنأل دیدج
 ضعب نأ امك ،ةدوجوم تسیل ةزیملا هذھ
 جتنتو لمعت ال اھنكلو ةزیملا هذھ رفوت طباورلا

 ءاضیب ةحفص

Some site links cannot be opened in 
a new tab because when you right-
click, this feature does not exist, and 
some links provide this feature but it 
does not work and produces a blank 
page. 

عقوملا لماك 3  *    * 
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Problem 
15 

 ططخم ىلإ ةیلاعف مدختسملا ةفاضإ دنع
 لكشب كلذبً اراعشإ ىقلتی ال ھنإف تالحرلا
 لالخً اقحال راعشإلا رھظیوً انایحأ رشابم
 .عقوملا حفصت

When the user adds an event to the 
trip planner, he or she does not 
receive a direct notification at times 
and the notification appears later on 
while browsing the website. 

1 Trip planner *    * 

Problem 
16 

 يف عالقإلا ةنیدم مسا لاخدإل رطضم مدختسملا
 ةزیم ریفوت مدع ببسب )ةیوجلا تالحرلا( رایخ
 نع ثحبلا( ةحفص يف امنیب يئاقلتلا لامكإلا

 ةزیملا هذھ رفوتت )ةرفوتملا ناریطلا تالحر

The user is forced to enter the name 
of the departure city in the option 

" ةیوجلا تالحرلا " because the 
autocomplete feature is not provided 

while on the "  تالحر نع ثحبلا
ةرفوتملا ناریطلا " page this feature is 

available. 

ةیوجلا تالحرلا 1  *    * 

Problem 
17 

 ءانثأ ةلدسنم مئاوق روھظ نم مدختسملا جعزنی
 هرورمو عقوملا ىلع ةرأفلا مدختسملا ریرمت
 مدع نم مغرلاب كلذو ةحفصلا سأر نیوانعب
 مئاوقلا هذھ ةیؤر يف ھتبغر

The user is disturbed by the 
appearance of auto drop-down 
menus as the user hover the mouse 
over the website and passes through 
the headers, even though he does not 
want to see these lists. 

عقوملا لماك 3   *   * 

Problem 
18 

 ببست عقوملا يف لیصافتلاو تامولعملا ةرثك
 مدختسملا زیكرت تتشت

Too much information and details 
on the website distracts the user. 3 عقوملا لماك    *  * 
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Problem 
19 

 تارایخ مدختسملا رایتخا نم مغرلا ىلع
 ھل رھظی ھنإف )ةیوجلا تالحرلا( نع ثحبلا

 ثحبلا بناج ىلإ )قدانفلا نع ثحبلا( تارایخ
 مدختسملا نإف كلذكو )ةیوجلا تالحرلا( نع
 )قدانفلا نع ثحبلا( وھ لعفملا رایخلا نأ دجو
 يناثلا رایخلل ھلیدعتل هرطضا امم

Although the user chose the search 

options " ةیوجلا تالحرلا " it shows 

his options " قدانفلا نع ثحبلا " along 

with the search for " ةیوجلا تالحرلا " 
as well as the user found that the 

option activated is "  نع ثحبلا
قدانفلا " which forced him to modify 

it to the other option. 

ةیوجلا تالحرلا 2  *    * 

Problem 
20 

 ةحفص ضرعت لكك عقوملا يف ثحبلا ةنوقیأ
 دنع )لبیخ ـل جئاتن 0( ةلاسر يوتحت ةغراف
 نمً الدب لبیخ بتكً الثمف( يئالمإ أطخ باكترا

 ىرخأ تاحارتقا ھل رفوی نأ نودب )لیخ
 .يئالمالا أطخلا نم يفاعتلل

The search icon on the website 
displays a blank page containing a 

message "0 لبیخ ـل جئاتن " when 
making a misspelling (for example, 

writing  " لبیخ " than " لیخ ") without 
providing other suggestions for 
recovering from misspellings. 

ثحبلا ةحفص 4     * * 

Problem 
21 

 لفسألل ةحفصلا ریرمتل رطضم مدختسملا
 ھلاقتنا دنع تایلاعفلا ةمئاق ةیادب ةدھاشمل
 ىلإ مدختسملل ماظنلا لقن ببسب ةدیدج ةحفصل
 تایلاعفلا ةمئاق ةیادب نمً الدب ةحفصلا ةیادب

The user is forced to scroll the page 
down to see the start of the list of 
events when he moves to a new page 
because the system moves the user 
to the beginning of the page instead 
of the start of the list of events. 

ثحبلا جئاتن 1  *   * * 

Problem 
22 

 ةیسیئرلا نیوانعلا نمض ةرركتم نیوانع كانھ
 مدختسملل ةطبخل ببست

Contents are repetitive in the 
headers which causes confusion to 
the user. 

ةیسیئرلا نیوانعلا 3  *  *  * 
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Problem 
23 

 ال "مكرعس ةیمست" صن نأ دجو مدختسملا
 اھب طبترملا ةنوقیألا ىنعم نع ربعی

The user found that the text "  ةیمست
مكرعس " does not express the 

meaning of the icon associated with 
it. 

4 
 نع ثحبلا

 ناریطلا تالحر
ةرفوتملا  

*    * 

Problem 
24 

 دیربلاب ةجیتنلا هذھ لسرأ( راوح قودنص
 نع ثحبلا( ةحفص يف دوجوملا )ينورتكلالا

 لكشب ھضرع مت )ةرفوتملا ناریطلا تالحر
 نمو ةیلكشلا ةیحانلا نم مدختسملل فیعض

 ىوتحملا ةیحان

The "  دیربلاب ةجیتنلا هذھ لسرأ
ينورتكلالا " dialog box on the 

" ةرفوتملا ناریطلا تالحر نع ثحبلا " 
page has been poorly displayed to 
the user in terms of presentation and 
content. 

2 
 نع ثحبلا

 ناریطلا تالحر
ةرفوتملا  

*    * 

Problem 
25 

 قدانفلا نع ثحبلا ةیلمعب ھمایق دعب مدختسملا
 قدنفلا زجح رایخ داجیإ نم نكمتی مل ھنإف

After searching for hotels, the user 
was unable to find a hotel booking 
option. 

ثحبلا جئاتن 1    *  * 

Problem 
26 

 ةریشأتلا( ةحفص دجی نأ عقوت مدختسملا
 ةرئاد ناونع نمض )لوخدلا تامولعمو
 بسانملا ناكملا اھنأو عقوملا ىلعأ ةحایسلا
 اھدجی مل ھنكلو

The user expected to find the page 

" لوخدلا تامولعمو ةریشأتلا " within 

the Department of " ةحایسلا ةرئاد " at 
the top of the site as it is the right 
relevant place but did not find it. 

عقوملا لماك 3   *   * 

Problem 
27 

 ثحب( قودنص ضرع نم برغتسم مدختسملا
 ةھجلا نمً الدب عقوملا راسی ىلع )قدانفلا نع
 ةغللا هاجتا رییاعم عم ىشامتیل ىنمیلا

The user is surprised to see "  ثحب
قدانفلا نع " box to the left of the 

website instead of the right website 
to meet the language alignment 
criteria. 

قدانفلا نع ثحب 4  *    * 
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Problem 
28 

 فلتخت عقوملا لیذ نیوانع نأب دجو مدختسملا
  تاحفصلا ضعب يف

The user found that the website's 
footer links are different in some 
pages. 

عقوملا لماك 3  *    * 

Problem 
29 

 ماق امدنع ماظنلا فرصت نم مدختسملا أجافت
 ھلیجست لبق Trip planner ىلإ تایلاعف ةفاضإب
 نم تایلاعفلا هذھ تفتخا نكلو عقوملا يف

Trip planner عقوملا يف لیجستلا درجمب 

The user was surprised by the 
behavior of the system when he 
added events to Trip planner before 
registering on the website, but these 
events disappeared from the Trip 
planner once you register on the 
website. 

1 Trip planner *    * 

Problem 
30 

 روصلا ریبكتو ةدھاشم نم مدختسملا نكمتی مل
 ببسب تایلاعفلا نع ثحبلا جئاتن يف رھظت يتلا

 اھمجح رغص

The user can not view full size or 
zoom in to the images that appear in 
event search results due to their 
small size. 

ثحبلا جئاتن 2    *  * 
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• The realness of the predicted problems detected by evaluators (US-HE, US-CHE, US-ICHE, or HE methods) 

  
   Discovered by 

No. Usability problems Severity 
rating 

Location 
of the 

problem 
US-HE US-CHE US-ICHE HE 

Problem 1 

 لصاوتلا تانوقیأ ضعب ىلع فرعتی مل مدختسملا
 اھل حیملت ریفوت مدع ببسب ةحفصلا لفسأ يعامتجالا

The user did not recognize some social 
networking icons at the bottom of the 
page because website did not provide a 
hint on them. 

4 
 لماك
عقوملا  

*  *  

Problem 2 
 مئاوقلا میجحتو ریغصت ىلع رداق ریغ مدختسملا
 نیوانعلا طیرش تابیوبت لخادب ةدوجوملا ةلدسنملا
 ةحفصلا ىلعأ

The user is unable to minimize or 
collapse drop-down menus within the 
address bar tabs at the top of the page. 

3 
 لماك
عقوملا  

* * *  

Problem 3 

 ةلص تاذ تسیل ةحفصلا لییذت مدختسملا دجو
 ةحفص لفسأ ً)اضیأ كبجعی دق( روھظ لثم ،ةحفصلاب
 اھب ةقالع اھل سیل يتلا )لوخدلا تامولعمو ةریشأتلا(
 رھظت الو صاخ لكشب ةحفصلا هذھ يف رھظت ثیح
  مدختسملا بارغتسا ریثی امم تاحفصلا ةیقب يف

The user found that the footer is 

irrelevant to the page such as "  كبجعی دق
ًاضیأ " at the bottom of the page "  ةریشأتلا

لوخدلا تامولعمو " which has nothing to 
do with it since it appears on this page 
particularly and does not appear on other 
pages which made the user confused. 

3 
 تاریشأتلا
 تامولعمو

لوخدلا  

*  *  
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Problem 4 

 ةبلاطملا نودب ةضورعم مدختسملا باسح تامولعم
 ً:الثمف ،تامولعملا هذھ لثم ضرعل رورم ةملكب
 :نكمی مدختسملا باسح تامولعم ىلع لوخدلاب
 ةملك لاخدإ بلط نودب ينورتكلالا دیربلا ناونع ةیؤر
 تانایب ةیؤر نم صخش يأ نكمی اذھو ةمیدقلا رورملا
 مدختسملا

The information of the user are exposed 
without requiring the password to view 
the information for example one can 
view the e-mail without being asked for 
the old password which enables anybody 
to view the user’s information. 

3 
 ةحفص

 تامولعملا
ةیصخشلا  

* *  * 

Problem 5 

 ىلع ةروصلا لفسأ ةروصلا قالغإ رز دجو مدختسملا
 ةروصلا ىلعأ هدجی نأب ھعقوت ام ریغ

The user has found the image close 
button at the bottom of the image while 
he expected to find it at the top of the 
image. 

3 
 قالغإ
ةروصلا  

*  *  

Problem 6 

 ھنإف Trip planner ةحفصل ھلوصو دنع مدختسملا
 ربجم ھنكلو ةفاضملا تایلاعفلا ةدھاشم ىلع رداق ریغ
 ةیلاعف ةفاضإ لجأ نم ةیسیئرلا ةحفصلل ةدوعلا ىلع
 ىرخأ ةدیدج

When reaching the Trip planner page, 
users are unable to view the added 
events but forced to return to the home 
page to add another new event. 

3 Trip 
planner 

*   * 

Problem 7 

 لیجست( ةحفص يف ةئطاخ رورم ةملك لاخدإ دنع
 لیجست( مسق نإ لب أطخلاب راعشإ رھظی ال )لوخدلا
 )باسح ءاشنإ( ةحفص رھظتو يفتخی )لوخدلا

Users do not get any error message on 
entering wrong password. Instead, the 
login screen disappears and the page of 

" باسح ءاشنإ " appears. 

3 
 لیجست
لوخدلا  

*    

Problem 8 

 نع ثحبلا ةحفص يف )خیراتلا دیدحت( ةیصاخ
 حمسی كلذ دعب مث )ءدبلا خیرات دیدحتب( حمست تایلاعفلا
 خیرات موی قبسی موی يف )ءاھتنالا خیرات دیدحتب( ماظنلا
 وأ قدانفلا نع ثحبلا میوقت يف دوجوم ریغ اذھو ءدبلا
 ةیوجلا تالحرلا

The D" خیراتلا دیدحت " feature in the Event 
Search page allows you to set the start 
date and then the system allows to 
specify the end date on a day before the 
start date. This is not found in the search 
calendar for hotels or flights. 

3 
 نع ثحبلا

تایلاعفلا  
*  *  
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Problem 9 

 )ةرفوتملا ناریطلا تالحر نع ثحبلا( ةحفص يف
 دنعً ایودی لوقحلا عیمج حسم ىلإ مدختسملا رطضی
 حسم رز ریفوت نمً الدب لوقحلا لیدعت يف ھتبغر

On the "  ناریطلا تالحر نع ثحبلا
ةرفوتملا " page, the user has to manually 

clear all fields when he wants to edit the 
fields instead of providing a field reset 
button. 

3 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

  *  

Problem 10 

 The user is able to change the password ةقداصم نودب رورملا ةملك رییغت ىلع رداق مدختسملا
without authentication. 3 

 ةحفص
 تامولعم
ةیساسأ  

*   * 

Problem 11 

 17 ىلإ ةدالولا نم لافطألل ئطاخلا رامعألا عیزوت
 )عضر لافطأ( رامعأ عیزوتل فصو راھظإ مدع امنیب
 ببسی )ةیوجلا تالحرلا( نع ثحبلا قودنص يف
 مدختسملا كابترا

Wrong age categories for children from 
birth to age 17 while no description of 
the age category infants in the search 

box for " ةیوجلا تالحرلا " is confusing 
the user. 

3 
 نع ثحبلا
 تالحرلا

ةیوجلا  

   * 

Problem 12 

 مدع ببسب ددحم قدنف داجیإ نم نكمتی مل مدختسملا
 نع ثحبلا تارایخ ربع قدنفلا مساب ثحبلا نم ھنكمت
 نم تاحفص ةدع يف ھنع ثحبلل هرطضا امم ،قدانفلا
 ةریثكلا جئاتنلا

The user was unable to find a specific 
hotel because he could not search the 
hotel name through hotel search options, 
forcing him to search for it on several 
pages of the many results. 

2 
 نع ثحب

قدانفلا  
*  * * 

Problem 13 
 Users find it difficult to read content of عقوملا ىوتحم ةءارق يف ةبوعص ھجاوی مدختسملا

the page. 2 
 لماك
عقوملا  

* *  * 
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Problem 14 

 ةطیرخ ةحفص نمض )تاھاجتالا ىلع لصحا( بیوبت
 نیب ةفاسملل لمجم لكشب ةفاسملا ضرعت ال يبد
 ةفاسم رصقأ ضرعت الو ةأزجم اھضرعت لب نیعقوم
 ةزیملا هذھ نم ةدافتسالا مدختسملا ىلع بعصی امم

" تاھاجتالا ىلع لصحا " tab in Dubai’s 
map does not display the total distance 
between two locations instead it displays 
it in parts and it does not display the 
shortest route between two locations 
which makes this feature useless for the 
user. 

2 
 ةطیرخ

يبد  
*  * * 

Problem 15 

 عوجرلا دنع مدختسملا ثحب تارایخب ظفتحی ال ماظنلا
ً الدب تایلاعفلا عیمج ضرعی لب ،ثحبلا جئاتن ةحفصل
 تایلاعفلا نع مدختسملا ثحب جئاتن ضرع نم

The system does not retain user search 
options when returning to the search 
results page, but displays all events 
rather than displaying user search results 
for events. 

2 
 نع ثحبلا

تایلاعفلا  
*  * * 

Problem 16 
 باسح ءاشنإ دنع ةیوق ریغ رورم ةملك طرتشی عقوملا
 عقوملا يف

The site does not require a strong 
password when creating an account on 
the website. 

2 
 ءاشنإ
باسح  

* *  * 

Problem 17 

 ةیادب نیبو نیوانعلا طیرش نیب غارف كانھ رھظی
 عقوملا تاحفص ضعب يف عقوملل ةحفصلا

There is a space between the addresses 
bar and the beginning of the page on 
some pages of the website. 

2 
 ضعب
 تاحفص
عقوملا  

 *  * 

Problem 18 

 لصاوتلا تانوقیأ لعج نم مدختسملا برغتسی
 تھاب يدامر نولب رھظت عقوملا لفسأ يعامتجالا
 اھلك اھرھظی اھیلع ةرأفلا ریرمت نأ امك ةلطعم اھنأكو
 ھیلع فراعتملا يلصألا اھنول ریغ قرزأ بیرغ نولب

The user is surprised that the social 
networking icons at the bottom of the 
site appear in pale gray color as if they 
were disabled, while on mouse hover 
they appear in a strange blue color rather 
the original conventional colors. 

2 
 لماك
عقوملا  

*  *  



 

288 

Problem 19 

 ةحفص يف ةطیرخ عضو ةیمھأ مدختسملا مھفی مل
Trip planner ةحفصلا نم ةریبك ةیمك اھكالھتساو 

The user did not understand the 
importance of placing a map on the Trip 
planner page and why it is occupying a 
large sector of the page. 

2 Trip 
planner 

  * * 

Problem 20 

 نع ثحبلا تارایخ يف )خیراوتلا دیدحت( ةزیم
 رخآ ةدوجوم تایلاعفلا لیلد ةحفص يف تایلاعفلا
 ةلوھسب اھداجیإ بعصیو ةلدسنملا ةمئاقلا

Feature (select dates) In the Event 

Search options in the " تایلاعفلا لیلد " 
page is the last option in the drop-down 
list which difficult to find. 

2 
 لیلد

تایلاعفلا  
* *  * 

Problem 21 

 تیسن( طبار نمض لوخدلا لیجست ةحفص يف دجوی
 طبض ةداعإ لاسرإ( ھمسا رز )?لوخدلا تامولعم
 ةلیوط ةلمج لكش ىلع ھنأ مدختسملا هدجوو )باسح
 عم قباطتی ال ھنإ كلذكو رصتخم ناونع نم الدب
 لثم عم مدختسملا اھیلع داتعا يتلا تایمستلا رییاعم
 فئاظولا هذھ

On the login page within the link "  تیسن
لوخدلا تامولعم ?", there is a button 

called " باسح طبض ةداعإ لاسرإ " which 
is a long sentence instead of a short title 
and it does not match the conventional 
criteria of labels used by the user for 
such functions. 

2 
 لیجست
لوخدلا  

* *   

Problem 22 

 ةمئاقلا نم رایتخالا دنعو )تایلاعفلا لیلد( ةحفص يف
 لودج رھظی ھنإف )خیراوتلا دیدحت( رایخلا ةلدسنملا
 دیدحت( ىلع رقنلا ةلواحمو ھقالغإ دعب نكلو خیراوتلا
 ةدع دعب الإ رھظی ال لودجلا نإف ىرخأ ةرم )خیراوتلا
 تالواحم

On the " تایلاعفلا لیلد " page and when 
you select from the drop-down menu 

" خیراوتلا دیدحت ", the calender of dates 
appears but after you close it and try to 

click " خیراوتلا دیدحت " again, the calender 
appears only after several attempts. 

2 
 لیلد

تایلاعفلا  
*    
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Problem 23 

 رفوت ال )ةرفوتملا ناریطلا تالحر نع ثحبلا( ةحفص
 وأً ارعس لقألا بسح جئاتنلا ةیفصت رایخ مدختسملل
 مدختسملا نم ریبك تقو كالھتسا ببسی كلذو سكعلا
 جئاتنلا نع ثحبلا يف

The " ةرفوتملا ناریطلا تالحر نع ثحبلا " 
page does not provide the user with the 
option to filter the results at the lowest 
price or vice versa, consuming a 
significant amount of user time to search 
results. 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

*    

Problem 24 

 لوخدلا لیجست طیرش ءافتخا نم برغتسم مدختسملا
 نع ثحبلا ةحفصل ھلاقتنا دنع عقوملا ةیادب يف دوجوملا

 ةرفوتملا ناریطلا تالحر

The user is surprised by the 
disappearance of the login bar located at 
the beginning of the site when he 

navigates to "  ناریطلا تالحر نع ثحبلا
ةرفوتملا ". 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

*    

Problem 25 

 نیب قباطت مدعو قسانت مدع كانھ نأ مدختسملا ظحال
 نم لك يف رامعألل ةلدسنملا ةمئاقلا تاناخ ددع
 ةحفص( و )ةیوجلا تالحرلا نع ثحبلا قودنص(
 )ةرفوتملا ناریطلا تالحر نع ثحبلا

User noted that there is an inconsistency 
and mismatch between the number of 
options of the age drop-down menu in 

both the "  تالحرلا نع ثحبلا قودنص
ةیوجلا " and "  تالحر نع ثحبلا ةحفص

رفوتملا ناریطلا ". 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

  *  

Problem 26 

 عیزوت فصو يف فالتخا دوجو نم مدختسملا أجافت
 تالحرلا( نع ثحبلا قودنص نم لك يف رامعألا
 ناریطلا تالحر نع ثحبلا( ةحفصو )ةیوجلا
 )ةرفوتملا

The user was surprised that there was a 
difference in the description of the age 
groups distribution in both the search 

box " ةیوجلا تالحرلا " and the page 

" ةرفوتملا ناریطلا تالحر نع ثحبلا ". 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

* *  * 
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Problem 27 

 )ضرعلا ةمئاق( ةنوقیأ مادختسا نم نكمتی مل مدختسملا
 اھتدئاف يف ركفی ھلعج امم تارم ةدع اھیلع طغضلا دعب

The user was unable to use the icon 

" ضرعلا ةمئاق " after pressing it several 
times, making him think of its 
usefulness. 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

*   * 

Problem 28 

 ةحفص يف ثحبلا ةیلمع يف مدقتلا % ةبسن طیرش
 ةبسن حضوت ال ةرفوتملا ناریطلا تالحر نع ثحبلا
 يھو ةبسن رخآ ضرعت لب ،ثحبلا ةیلمع يف مدقتلا

 ثحبلا ةیلمع لامتكا دعب 100%

The Search progress % bar on the 
available flight search page does not 
show the progress of the search, but 
shows the percentage of success of last 
search which is 100%. 

2 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

* * *  

Problem 29 

 يھو نیوانع ةثالث نیب ھباشت كانھ نأ ظحال مدختسملا
)Trip planner( و )ططخ( و )رفسلل طیطختلا 
 ةفیظولا يف ةفلتخم تناك اھنكلو )كتلحرل

User Note that there are similarities 
between the three titles "Trip planner" 

and " رفسلل طیطختلا " and " كتلحرل ططخ ", 
but they had different functions. 

2 
 ةحفصلا
ةیسیئرلا  

*    

Problem 30 

 مسا( لاخدإب ھبلاطی ماظنلا نأ مدختسملا دجو
 دیربلا( لاخدا بلطی وھ عقاولا يف امنیب )مدختسملا
 كلذك ،لوخدلا لیجست ةلواحم ءانثأ كلذو )ينورتكلالا
 لیجست بلطی ملو ينورتكلالا دیربلا لیجست بلط ھنإف
 رھظت امنیب )باسح ءاشنإ( ةحفص يف مدختسملا مسا
 ھل ببستو لوخدلا لیجست دنع مدختسملل ةرابعلا هذھ
 مھفلا مدع نمً اعون

The user finds that the system prompts 
him to enter (user name) while in fact it 
is requesting an e-mail while trying to 
log in. The site also requested the 
registration of the e-mail and did not 
request to register the user name on the 
Create account page. This caused the 
users some sort of misunderstanding. 

1 
 لیجست
لوخدلا  

*  *  



 

291 

Problem 31 

 )ةرفوتملا ناریطلا تالحر نع ثحبلا( ةحفص يف
 )ينورتكلالا دیربلاب ةجیتنلا هذھ لسرأ( ىلع طغضلاو
 رھظی اھب صاخلا راوحلا قودنص نإف ةمئاقلا لفسأ
 ىلعأل دوعصلل مدختسملا رطضی امم ،ةحفصلا ىلعأ
  راوحلا قودنص ةدھاشمو ةحفصلا

On the "  ناریطلا تالحر نع ثحبلا
ةرفوتملا " page and click "  هذھ لسرأ

ينورتكلالا دیربلاب ةجیتنلا ", at the bottom 
of the list, its dialog box appears at the 
top of the page, forcing the user to go up 
the page and see the dialog box. 

1 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

* *  * 

Problem 32 

 يوتحت ةحفصلا ىلعأ ةیسیئرلا نیوانعلا تابیوبت
 مل ثیح )ةمھم طباور( مسق رسیألا اھبناج ىلع اھعیمج
 صن نولب رھظت اھنأل طباور اھنأ مدختسملا كردی
 ریغتی ال ھنإف اھیلع رشؤملا عضو دنعو يداع دوسأ
 اھنول

All main tabs on the page top have an 

" ةمھم طباور " section to the left but the 
user does not realize they are links 
because they appear in plain black text 
color and when the pointer is placed on 
them, they do not change color. 

1 
 لماك
عقوملا  

*   * 

Problem 33 
 وأ )باسح ءاشنإ( دنعً اراعشإ مدختسملا ىقلتی مل
 )رورملا ةملك رییغت(

Users do not get any notification when 
creating a new account or when the 
password is changed. 

1 
 ءاشنإ
باسح  

* * * * 

Problem 34 

 سلس لكك عقوملا يف لقنتلا ماظن نأ ىری ال مدختسملا
 ةلوھسب تامولعملا داجیإ ھیلع بعُصی امم لھسو

The user does not feel that the website 
navigation system is smooth and easy, 
making it difficult to find information 
easily. 

1 
 لماك
عقوملا  

* *   
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Problem 35 

 تابیوبت نمض )ةیجیورتلا ضورعلا( ةحفص يف
 جئاتنلا ماقرأ نإف عقوملا ىلعأ يف ةیسیئرلا نیوانعلا
 :ةعبرألا تابیوبتلا ىلع ةدوجوملا
     )0( ىلع اوعلطا      )6( براجتلا      )  ( قوستلا

Aqua exclusive 
 
 ةطیرخلا يف وھ امع ةمئاقلا يف ماقرألا هذھ فلتخت

On the " ةیجیورتلا ضورعلا " page under 
the Main Headlines tabs at the top of the 
website, the result numbers on the four 
tabs: 

قوستلا    

براجتلا   6 
Aqua exclusive  0 
These numbers are different in the list 
than they are on the map. 

1 
 ضورعلا
ةیجیورتلا  

*  *  

Problem 36 

 رایتخا مث )يبد فشتكا( بیوبت مدختسملا رایتخا دعب
 ةنوقیأل دوصقملا ىنعملا مھفی مل ھنأف ،)يبد جرب(
 قیرط نعً اریخأ فشتكا ثیح % ةیوئملا ةبسنلا
ً اضیأ هدجی مل ام اذھو )ضورعلا( ينعت اھنأ حیملتلا

 ىنعملا اذھ ىلع لدیً ازمر

After selecting the tab " يبد فشتكا " and 

then choosing " يبد جرب ", user did not 
understand the meaning of the 
percentage % icon, but he finally 
discovered through hints that it means 
(promotions). User also did not find an 
icon that indicates this meaning. 

1 
 ةحفص

يبد فشتكا  
*   * 

Problem 37 

 تایلاعفلا ددع دیدحتب ةصاخلا ةلدسنملا ةمئاقلا
 لفسأ ةدوجوم يھ جئاتنلا يف اھضرع بولطملا
 امك ةحفصلا ىلعأ نمً الدب تفال ریغ لكشب ةحفصلا
 مدختسملا داتعا

The drop-down list for determining the 
number of events to display in the 
results is poorly presented at the bottom 
of the page rather than the top of the 
page as the user used to see. 

1 
 لیلد

تایلاعفلا  
*    
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Problem 38 

 ءاشنإ ةحفص يف لوقحلا عیمج نأ مدختسملا فرعی مل
 ةمالع دوجو مدع ببسب ةیمازلإ لوقح يھ باسح
 ىلعأ )ةبولطم لوقحلا لك( ةلمج ةباتك مت لب * ةمجنلا
 مدختسملا ھظحالی مل لكشب ةحفصلا

The user did not know that all the fields 
on the account creation page are 
mandatory because there is no asterisk * 

but a sentence " ةبولطم لوقحلا لك " is 
written at the top of the page in a way 
that the user did not notice. 

1 
 ءاشنإ
باسح  

* *   

Problem 39 
 بعصی Trip planner ةحفص يف ةیلاعفلا فذح رز
 فیفخلا اھنول ببسب اھزییمت

The Delete event button on the Trip 
planner page is difficult to distinguish 
because of its dull color. 

1 Trip 
planner 

*    

Problem 40 

 ىلعأ ةدوجوملا )ةماع ةرظن( ةنوقیأ نأ مدختسملا ىری
 اھانعم مھفی مل ھنأل اھدوجول ةجاح ال ةیلاعفلا لیصافت
 ةدئاف نود نكلو اھفاشتكال اھیلع رقنلا لواحو

The user sees that the icon " ةماع ةرظن " 
at the top of the event details is not 
necessary because he did not understand 
its meaning and tried to click on it to 
discover it but got nothing. 

1 
 لیصافت
ةیلاعفلا  

*    

Problem 41 

 ةحفص( كلذكو )ةیوجلا تالحرلا( نع ثحبلا تارایخ
 رفوت ال )ةرفوتملا ناریطلا تالحر نع ثحبلا
 اھنع ثحبی ھلعجی امم )طقف باھذ( ةزیم مدختسملل
 .اھدجی ملوً اریثك

The search options for " ةیوجلا تالحرلا " 

as well as the "  تالحر نع ثحبلا ةحفص
ةرفوتملا ناریطلا " search page do not 

provide the user with a one-way feature, 
which makes them search for it for a 
long time but can not find it. 

1 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

*    

Problem 42 

 ھبشوً ادج بیرق لكشب اھعضو مت )ثحب( ةنوقیأ
 ةحایسلل يبد ةنوقیأ عم لخادتم

Search icon was been placed very close 
and semi-overlapping with the icon of 
Dubai Tourism. 

1 
 ةحفص
 ةرئاد

ةحایسلا  

  *  
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Problem 43 

 ةحفصلا ىلع روثعلا رذعت( أطخلا ةحفص روھظ دنع
 عقوملا ىلعأ لوخدلا لیجستو ةغللا طیرش نإف )404

 يفتخی

When the error page appears "  رذعت
 the Language ,"404 ةحفصلا ىلع روثعلا

bar and sign-in at the top of the website 
disappear from the top of the page. 

1 
 لماك
عقوملا  

*    

Problem 44 

 ىلعأ لاعفلا بیوبتلا ناونع دیدحت عیطتسی ال مدختسملا
 متی ھنإف ناونع ىلع رشؤملا عضو دنع ھنأل عقوملا
 جردملا وھ ھنأو ھتظحالم بعصی يدرو نولب هزییمت
 نیوانعلا ةیقب نیب نم

The user can not specify the active title 
tab at the top of the website because 
when placing the cursor on an address it 
is highlighted in a pink color that is 
difficult to notice that it is the one listed 
among the rest of the titles. 

1 
 لماك
عقوملا  

*    

Problem 45 

 نم مدختسملا لقن ىلع لمعت رارزأ ةثالث كانھ دجوی
 دجو مدختسملا نكلو عقوملا ىلعأ يف ىرخأل ةروص

 زییمتلا ةبعص اھنأ

There are three buttons that move the 
user from one image to another at the 
top of the site but the user finds them 
difficult to distinguish. 

0 
 لماك
عقوملا  

*   * 

Problem 46 

 عقوت ،يسیئرلا ناونعلا نمض )ربلا قیرط نع( ةحفص
 نیوانعلا رارغ ىلع ناونعلا اذھ نوكی نأ مدختسملا
 رفوت يتلا )ناریط ةلحر زجح/وجلا قیرط نع( لثم
 طقف اھدجو ھنأ طابحإلاب رعش ھنكلو زجحلل فئاظو

 لثم فئاظو يوتحت الو اھنم ةدئاف ال تامولعم ةحفص
 ةرایس راجئتسا

Regarding the “ ربلا قیرط نع ”link in the 
main headline, the user expects the 
address to be similar to other headlines 

such as "  ةلحر زجح/وجلا قیرط نع
ناریط " that provide booking functions 

but user is frustrated that he has found 
only non-useful information page that 
does not contain functions such as car 
rental. 

0 
 نع ةحفص
ربلا قیرط  

*  * * 
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Problem 47 

 تالحرلا نع ثحبلا قودنص نم مدختسملا لاقتنا دنع
 ناریطلا تالحر نع ثحبلا( ةحفص ىلإ ةیوجلا
 لثم ھلاقتنا لبق ةجعزم ةلاسر ىقلتی ھنإف )ةرفوتملا
)please enter valid date( وأ )راطم لاخدإ ءاجرلا 
 )ةرداغملا

When the user navigates from the flight 

search box to "  تالحر نع ثحبلا
ةرفوتملا ناریطلا " page, receives an 

annoying message before it is 
transmitted like "please enter valid date" 

or " ةرداغملا راطم لاخدإ ءاجرلا ". 

0 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

* *  * 

Problem 48 

 اھطسو يف ةروص عضو مت ةیسیئرلا نیوانعلا تابیوبت
ً اشیوشت ببسی اممو ىنعم نودب )زیمتم( ناونعب
 نیوانعلا ةحاسملً اكالھتساو مدختسملل

For the Headlines Tabs, an  image has 
been placed in its center with a 
meaningless distinct title, causing user 
confusion and consuming address space. 

0 
 لماك
عقوملا  

*   * 

Problem 49 

 زمر يف يئالمإ أطخ كانھ نأ ظحال مدختسملا
 هاجتاب تبتُك ثیح لوخدلا لیجست ةحفص يف ماھفتسالا
 ھلؤاستو ھبجعت راثأ امم ةیبرعلا ةغلل سكاعم

The user noticed that there was a 
misspelling in the question mark symbol 
on the login page where it is written in 
the opposite direction to the Arabic 
language, which aroused his suspicion. 

0 
 لیجست
لوخدلا  

*  * * 

Problem 50 

 قدنف لك ةحفص لخاد قدنفلا نع ةمدقملا تامولعملا
 لیصافت ةءارق ھیلع بعصیو ةلمم مدختسملا اھدجی
 ىلع لھسی طاقن يف اھعضو نمً الدب قدنفلا نع ةریثك
 اھتءارق مدختسملا

The information provided by the hotel 
within the page of every hotel found by 
the user is boring and it is difficult to 
read many details about the hotel instead 
of placing them in points that are easier 
for the user to read. 

0 
 لیصافت
قدنفلا  

   * 

Problem 51 

 نمض ةماقإلا ناكم ةحفص يف دوجوملا )ةلازإ( رز
 مدختسملا عقوتی امك لمعی ال )رفسلل طیطختلا( ناونع
 نمً الدب لوقحلا عیمج دیدحت ىلع لمعت اھنأ ثیح
 اھغیرفت

The " ةلازإ " button on the place of 

residence in " رفسلل طیطختلا " page does 
not work as the user expects as it selects 
all fields instead of unselecting them. 

0 
 ةحفص

 ناكم زجحا
ةماقإلا  

   * 
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Problem 52 

 زیمی ال ماظنلا نإف ،رورملا ةملكل مدختسملا رییغت دنع
 رورملا ةملك وأ ةدیدج رورم ةملك وھ لخدملا لھ
 ةقباسلا

When the user changes the password, 
the system does not distinguish whether 
it is a new password or an old password. 

0 
 ةحفص

 تامولعم
ةیساسأ  

   * 

Problem 53 

 لصاوتلا تاكبش تانوقیأ داجیإ نم نكمتی مل مدختسملا
 ةیفخم اھدجو ثیح ةیلاعفلا ةحفص لخاد يعامتجالا

 ةكراشم ةنوقیأ نمض

The user was unable to find the social 
networking icons within the event page 
where he found it hidden in the share 
icon. 

0 
 لیصافت
ةیلاعفلا  

   * 

Problem 54 

 دوجو دنعو تایلاعفلا نع ثحبلا جئاتن ةحفص يف
 رفوی ال عقوملا نإف جئاتنلا تاحفص نم ةریثك تاحفص

 لاقتنالا رز وأ ةحفصلا لوأل لاقتنالا رز مدختسملل
 ةحفصلا رخآل

On the event search results page and 
when there are many pages of results 
pages, the website does not provide the 
user with the first page navigation button 
or the jump button for the last page. 

0 
 جئاتن
ثحبلا  

 *  * 

Problem 55 

 عضو ببسب ةیمازلإ لوقح كانھ نأ زیمی مل مدختسملا
 خیراوتلا لاخدإ مدع ببسب هزییمت نكمی ال رمحأ عبرم
 روھظ عقوتی ناكو قدانفلا يف ثحبلا قودنص يف
 أطخ ةلاسر

The user did not notice that there are 
mandatory fields because of placing an 
undefined red box because the dates 
were not entered in the hotel search box 
while an error message was expected. 

0 
 نع ثحب

قدانفلا  
*   * 

Problem 56 

 )ةرفوتملا ناریطلا تالحر نع ثحبلا( ةحفص يف
 طباور لكش ىلع راعسأ ةحفصلا نیمی ىلع دجوی
 لواحی مدختسملا لعج امم اھیلع رقنلا نكمی ھنأب يحوت
 ةدئاف نود اھیلع رقنلا

On the "  ناریطلا تالحر نع ثحبلا
ةرفوتملا " page, on the right side of the 

page, prices are in the form of links that 
suggest they can be clicked, making the 
user try to click on them without real 
benefit. 

0 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

*   * 
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Problem 57 
 عجارتلا Trip planner ةحفص يف مدختسملل نكمی ال
 فذحلا قیرط نع الإ ددحم مویل ةیلاعف ةفاضإ نع

The user on the Trip planner page can 
not undo the addition of an event to a 
specific day except by deleting. 

0 Trip 
planner 

*   * 

Problem 58 

 Trip planner ةحفص يف تایلاعفلا طاقسإو بحس رز
 عقوتملا تایلاعفلا ةرثك مدع ببسب اھنع ءانغتسالا نكمی
 مدختسملا اھفیضی نأ

The Drag and drop events button on the 
Trip planner page can be canceled 
because the user is expected to add only 
few events. 

0 Trip 
planner 

   * 

Problem 59 

 ضعبل مدختسملا لاقتناو تایلاعفلا نع ثحبلا جئاتن يف
 زمر ىلإ ریغتت تاحفصلا ماقرأ ضعب نإف تاحفصلا
 نیب لقنتلا دنعً امئاد زمرلا اذھ رھظی ال امنیب ...
 تاحفصلا

In the event search results and some 
other pages, some page numbers change 
to a ... symbol While this symbol does 
not always appear when navigating 
between pages. 

0 
 لیلد

تایلاعفلا  
   * 

Problem 60 
 The Dubai logo is inconvenient to the مدختسملا نیعل حیرم ریغ يبد عقوم راعش

user's eye. 0 
 لماك
عقوملا  

   * 

Problem 61 

 نع ثحبلا ةحفص نیمی ىلع تارایخلا نم ریثكلا كانھ
 اھراصتخا نكمی يتلا ةرفوتملا ناریطلا تالحر

There are many options to the right side 
of the available flight search page that 
can be reducible. 0 

 نع ثحبلا
 تالحر
 ناریطلا
ةرفوتملا  

 *   
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• The unique problems of the UT method 

No. Usability problems Severity 
rating Location of the problem 

Problem 1 

 رصح( ىمسی ءزج )قدانفلا نع ثحب( قودنص يف دجوی
 جئاتن( رز طغضو ءزجلا اذھل مدختسملا مادختسا دعب )جئاتنلا
 اھیف بوتكم أطخ ةحفص ھل ضرُعتً انایحأ ھنإف )كتارایتخا
)server error( وأ )Runtime Error( اھنم يفاعتلا عیطتسی الو 

In the Search for Hotels box, there is a part called 

" جئاتنلا رصح ". After the user has used this section 

and pressed the " كتارایتخا جئاتن " button, it 
sometimes displays a server error which is written 
(server error) or (runtime error) and he can’t get 
over it. 

قدانفلا نع ثحب 3  

Problem 2 
 عون ددحی مث )تایلاعفلا لیلد( ةحفص مدختسملا راتخی امدنع
 ةمئاق يف رییغت يأ ظحالی ال ھنإف )ةضایر( ـكً الثم ةیلاعفلا
 كلذب هرعشی ال ماظنلا نأل جئاتنلا

When the user selects the " تایلاعفلا لیلد " page and 

then determines the type of event such as " ةضایر " 
he does not notice any change in the list of results 
because the system does not make him feel so. 

تایلاعفلا لیلد 2  

Problem 3 

 تالحرلا ططخم ىلإ ةیلاعف ةفاضإب ةصاخلا ةطنشلا ةنوقیأ
 نم ةلوھسب اھتفیظو كاردإ نكمی ال تایلاعفلا جئاتن ةحفص نمض

 ببسب وأ ةیحیضوت ةیمست ىلإ اھراقتفا ببسب مدختسملا لبق
 حیملتلل اھراقتفا

The “baggage” icon for adding an activity to the 
flight planner in the Events Results page can not be 
easily recognized by the user because of its lack of 
a caption or because it lacks tooltip. 

تایلاعفلا جئاتن 3  

Problem 4 

 )ةضایر( ـب )تایلاعفلا لیلد( ةحفص يف ةیلاعفلا عون دیدحت دنع
 ماق ام ةلازإب أجافتی مدختسملا نإف خیراتلل مدختسملا رایتخا مث
 اذھو ،ةیضارتفالا تارایخلل اھتدوعو ةیلاعفلا عونل هدیدحتب
 ىرخأ ةرم ةیلاعفلا عون دیدحت دیعی مدختسملا نم لعجی

When the user selects the type of the event as 

" ةضایر " in the " تایلاعفلا لیلد " page and then he 
selects the date, he is surprised that what he has 
selected for the type of the event has been removed 
and it went back to default which makes the user 
select the type of event again. 

تایلاعفلا لیلد 2  
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Problem 5 
 نكمی الو بسانم ریغ ناكم يف )ثحبلا مدقت( طیرش عضو مت
 مدختسملا لبق نم ةلوھسب ھتظحالم

A search progress bar is placed in an inappropriate 
place and can not be easily noticed by the user. 

ةرفوتملا ناریطلا تالحر نع ثحبلا 2  

Problem 6 
 ھنإف ةیسیئرلا نیوانعلا تاحفص ىدحإل مدختسملا ریرمت ءانثأ
 عم لخادتت روصلل ةریبكلاو ةریغصلا تاعبرملا ةرثك نأ دجو
 مدختسملا كبری لكشب ةمئاعلا ةمئاقلا

As the user navigates to a headline page, he found 
that too many large and small image squares 
interfere with the floating panel which confuses the 
user. 

2  

Problem 7 

 خیراتلا لوقح لاخدإ ىلع ماظنلا هربجی اذامل مھفی ال مدختسملا
 يف امنیب ثحبلا ةیلمع ءارجإل طرشك )قدانفلا( قودنص يف
 لاخدإ نإف )ةیوجلا تالحرلا( ـب صاخلا ھبناجب يذلا بیوبتلا
 ناریطلا تالحر نع ثحبلا ةحفصل ھلقنیوً ایرابجإ سیل خیراتلا
 ةرفوتملا

The user does not understand why the system 
forces him to insert the dates in hotels box as a 
requirement to search while in the next tab which is 
related to flights, entering the dates is not 
obligatory and it transfers him to the  available 
flight search page. 

2 
قدانفلا نع ثحبلا  

 
ةیوجلا تالحرلاو  

Problem 8 

 رثكأ مدختسملا لواح )قدانفلا نع ثحبلا جئاتن( ةمئاق ةحفص يف
 ةدھاشم لجأ نم )Trip Advisor تافینصت( ىلع رقنلا ةرم نم
 لوخدلا ىلع مدختسملا ربُجی ماظنلا نكلو ةرشابم راوزلا تاقیلعت

 راوزلا تاقیلعت ضارعتسا مثً الوأ قدنفلا ةحفص ىلع

On the Hotels Search results page, the user has tried 

more than once to click on " تافینصت  Trip Advisor" 
in order to view visitor comments directly but the 
system forces him to go to the hotel’s page first and 
then view visitor’s comments after that. 

قدانفلا نع ثحبلا جئاتن 2  

Problem 9 
 ةفورعم ریغ ةطیرخلا ةنوقیأ نإف ،ةیلاعفلا لیصافت ةحفص لخاد
 ةصاخ اھنأ ىلع لدی ناونع عضول جاتحی مدختسملاو مدختسملل
 طئارخلاب

Within the event details page, the map icon is 
unknown to the user and the user needs a title or 
tooltip that indicates that it is specific to maps. 

ةیلاعفلا لیصافت 2  
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Appendix K: HEURISTICS LIST 

A set of the heuristics from Nielsen (1994a) 

Usability	Heuristics	 Explanations	

H1.	Visibility	of	system	status	
The	system	should	always	keep	users	informed	about	
what	is	going	on,	through	appropriate	feedback	within	
reasonable	time.	

H2.	Match	between	system	and	the	
real	world	

The	system	should	speak	the	users’	language,	with	words,	
phrases	and	concepts	familiar	to	the	user,	rather	than	
system-oriented	terms.	Follow	real-world	conventions,	
making	information	appear	in	a	natural	and	logical	order.	

H3.	User	control	and	freedom	

Users	often	choose	system	functions	by	mistake	and	will	
need	a	clearly	marked	“emergency	exit”	to	leave	the	
unwanted	state	without	having	to	go	through	an	extended	
dialogue.		
Support	undo	and	redo.	

H4.	Consistency	and	standards	
Users	should	not	have	to	wonder	whether	different	words,	
situations,	or	actions	mean	the	same	thing.	Follow	
platform	conventions.	

H5.	Error	prevention	

Even	better	than	good	error	messages	is	a	careful	design	
which	prevents	a	problem	from	occurring	in	the	first	
place.	Either	eliminate	error-prone	conditions	or	check	for	
them	and	present	users	with	a	confirmation	option	before	
they	commit	to	the	action.	

H6.	Recognition	rather	than	recall	

Minimize	the	user’s	memory	load	by	making	objects,	
actions,	and	options	visible.	The	user	should	not	have	to	
remember	information	from	one	part	of	the	dialogue	to	
another.	Instructions	for	use	of	the	system	should	be	
visible	or	easily	retrievable	whenever	appropriate.	

H7.	Flexibility	and	efficiency	of	use	

Accelerators	—	unseen	by	the	novice	user	—	may	often	
speed	up	the	interaction	for	the	expert	user	such	that	the	
system	can	cater	to	both	inexperienced	and	experienced	
users.	Allow	users	to	tailor	frequent	actions.	

H8.	Aesthetic	and	minimalist	
design	

Dialogues	should	not	contain	information	which	is	
irrelevant	or	rarely	needed.	Every	extra	unit	of	
information	in	a	dialogue	competes	with	the	relevant	units	
of	information	and	diminishes	their	relative	visibility.	

H9.	Help	users	recognize,	diagnose,	
and	recover	from	errors	

Error	messages	should	be	expressed	in	plain	language	(no	
codes),	precisely	indicate	the	problem,	and	constructively	
suggest	a	solution.	

H10.	Help	and	documentation	

Even	though	it	is	better	if	the	system	can	be	used	without	
documentation,	it	may	be	necessary	to	provide	help	and	
documentation.	Any	such	information	should	be	easy	to	
search,	focused	on	the	user’s	task,	list	concrete	steps	to	be	
carried	out,	and	not	be	too	large.	
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Appendix L: UEMS PROCEDURES AND INSTRUCTIONS 

1- The researcher greeted the participants at the laboratory, offered a brief introduction to 

the process and informed them that they were invited to evaluate a website. The researcher 

also made the participants aware of their right to withdraw from the experiment or pause 

it whenever they required.  

2- Each participant was asked to read and sign a consent form.  

3- Participants were asked to complete a short background questionnaire. 

4. The pre-evaluation session was conducted before starting the actual evaluation by 

familiarising the evaluators with the list of heuristics used and familiarising the trained 

evaluators regarding the steps and procedures of evaluation.  

5. The actual evaluation sessions: - 

																																Method	
Sessions																																			 UES-HE	 URS-HE	 US-HE	 US-CHE	 US-ICHE	 HE	

The	user	exploratory	session	 ü	 	 ü	 ü	 ü	 	
The	actual	evaluation	session	 ü	 ü	 ü	 	 	 ü	
The	actual	evaluation	session	(US-CHE)	 	 	 	 ü	 	 	
The	actual	evaluation	session	(US-ICHE)	 	 	 	 	 ü	 	
User	review	session	 	 ü	 ü	 ü	 ü	 	

 

6- After the evaluators finished their actual evaluation sessions, they completed post-test 

questionnaires in order to offer feedback on the evaluated website.  

7- The evaluators conducted debriefing sessions in order to create a unified list of 

usability problems.  

In the final stage, the researcher thanked the participants and distributed the incentives 
for their participation. 
 

Notes: 

A. The user exploratory session:  

• The session starts with the provision of a list of tasks to the users and they 

are required to implement those tasks and are encouraged to verbalise their 

thoughts about the target system through the thinking-aloud method.  

• Whilst users verbalise their thoughts, the evaluators can ask direct 

questions by using a "question-asking protocol" with the users to 

understand whether they had difficulties with understanding and using the 



 

302 

system. The question-asking protocol is a version of the thinking-aloud 

method, but rather than wait for users to express what they are thinking, 

they are directly encouraged through questions to convey those thoughts. 

Such questions involve: -  

o Why a user acted in a particular way (e.g. "Can you tell me why 

this label doesn't match your expectations?"). 

o What the user expected by acting in a certain way (e.g. "Please tell 

me what you expected to see when you clicked on this button?"). 

o How a user would perform a particular task (e.g. "How would you 

perform XYZ task on this page?").  

B. The actual evaluation session:  

• Each evaluator performed the evaluation independently without 

communicating with the other evaluators and the researcher afforded the 

evaluators 5 minutes for general browsing of the website, after which they 

continued their evaluation of more specific parts of the website through 

the second pass.  

• The evaluators were required to list the usability problems as best they 

could aided by the tool of a short list of heuristic guidelines. The evaluators 

were not limited to this list of heuristic guidelines, but they could also 

record any usability issue they came across, even if it was not related to 

the list of heuristics.  

C. The actual evaluation session (US-CHE):  

• Evaluators evaluated the system interface as a team by consulting with 

each other and making joint decisions and the researcher afforded the 

evaluators 5 minutes for general browsing of the website, after which 

they continued their evaluation of more specific parts of the website 

through the second pass.  

• The evaluators were required to list the usability problems as best they 

could aided by the tool of a short list of heuristic guidelines. The 

evaluators were not limited to this list of heuristic guidelines, but they 

could also record any usability issue they came across, even if it was 

not related to the list of heuristics.  

D. The actual evaluation session (US-ICHE):  

• Evaluators evaluated the system interface as a team by consulting with 

each other and making joint decisions and the researcher afforded the 

evaluators 5 minutes for general browsing of the website, after which 

they continued their evaluation of more specific parts of the website 

through the second pass.  
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• The evaluators were required to list the usability problems as best they 

could aided by the tool of a short list of heuristic guidelines. The 

evaluators were not limited to this list of heuristic guidelines, but they 

could also record any usability issue they came across, even if it was 

not related to the list of heuristics.  

E. User review session:  

• Evaluators reviewed the potential usability problems list with the users 

by using a "free discussion protocol" to minimise the potential 

problems that the user did not currently face or to modify existing 

issues.  

• The evaluators were not restricted to gathering the users' impressions 

about every usability issue, but they could also expand the review to 

discuss other usability issues that may have emerged during the review 

session to add new problems. 
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