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Abstract
The issues of conceptualising design quality and value in the built environment have
remained a forefront challenge, as both are contingent on the context of use, built type,
and the perspectives of those involved. This makes front-end design and decision-making
a complex process, often with no straightforward solutions. Moreover, during the last two
decades, the HE campus has significantly transformed, driven by the predominance of
student-centric pedagogies, and recent ICT and policy developments. In particular, spaces
for self-directed learning, also known as informal learning spaces (ILS), have become
prevalent, in the form of learning and information commons, crush areas, or social study.
This transformation has led towards an increased involvement from diverse stakeholder
groups as well as, indications that space design in Higher-Education (HE) remains still
an under-researched topic. Considering this, a paradigm shift is proposed. One that
focuses on unravelling the complexity of performance in-use of these spaces. This
research aims to investigate the design of ILS through the lenses of Sociotechnical
Systems (STS) theory, in particular an existing framework for the design and analysis of
complex STS, known as the Abstraction Hierarchy (AH). To address the aim, a sequential
mixed methodology design is deployed. This involves an in-depth case-study of an ILS
development programme, comprising semi-structured interviews with stakeholders
involved in developing these spaces. Based on this initial research an AH model is
developed, which is subsequently refined and validated through a modified Delphi
approach. The Analytical Network Process (ANP) in combination with the validated AH
model, were then used to elicit the perspectives and views of stakeholders around the
criteria and purposes shaping ILS developments. Finally, through the application of
network centrality metrics, a structured methodology to assess design impacts is trialled
and reviewed. The results suggest that a STS approach can address some of the
shortcomings identified in HE space design processes by; making complexity explicit
(i.e. interrelations and the impacts of design choices), integrating stakeholder
requirements on a single model, and managing conflicting views. Building on this, four
project lifecycle interventions, underpinned by STS, are proposed. By exploring two of
them, the thesis contributes through the proposal of a novel approach, termed ‘Systems
Pre-Occupancy Evaluation’. The systems Pre-OE provides a new platform to integrate
stakeholder requirements and to provide a structured method to assess design alternatives
during front-end design.
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Chapter 1 - Introduction

Chapter 1 – Introduction
1.1. Background: An evolving landscape in campus design
In recent decades, the Higher-Education (HE) sector has undergone a major
transformation driven by developments in Information and Communication Technology
(ICT) such as, technology-enhanced learning (TEL) initiatives, the pervasiveness of user
owned technological devices, and the increase in availability of digital learning resources
(UCISA, 2016). Furthermore, HE has become increasingly globalised, particularly in
English speaking countries, such as the UK, Australia or the USA (Universities UK, 2019;
Fergusson and Sherrell, 2019; Banjong and Olson, 2016). Finally, a distinctive rise and
prevalence of novel learning and teaching approaches, which challenge traditional
behaviourist and cognitivist views of learning. These are underpinned by socioconstructivist learning theories, which promote cooperative-learning, active-learning, and
a more student-centric approach to learning and teaching (Beckers et al., 2015).
Furthermore, within the UK, a number of policy changes (e.g. increase in tuition fees)
and sector-wide initiatives (e.g. NSS), have also contributed to an increased interest on
‘The Student Experience’, which has partly been addressed through investment in campus
developments, including facilities for learning and non-learning activities (Temple et al.,
2014). Although these changes, especially ICT developments, have been presented as a
threat to the physical campus (Goddard and Cornford, 2001; Lea and Nicoll, 2002; Singh
et al., 2002), the investment in campus retrofits and new facilities at UK universities has
reached a record expenditure of 3.5 billion GBP in the academic year of 2017-2018,
representing a sustained trend over 7 years (AUDE, 2019). This ongoing investment
indicates an important emphasis on retrofitting and transforming the HE estate.

1

Chapter 1 - Introduction
A consequence of the increased importance of ICT and pedagogic aspects refers to the
interest on learning space design and evaluation shown by organisations on behalf of
these stakeholder groups. These involvements resulted in a number of research outcomes
commissioned by ICT and learning technologist associations (Oblinger, 2006; JISC,
2006; Pearshouse et al., 2009; UCISA, 2016), HE funding councils and academics
(Radcliffe et al., 2008; Marmot, 2012), and estate representatives (HEFCE, 2006; SMG,
2006; HEDQF, 2019). The involvement of more stakeholders in learning space
developments, indicates an increase range of interest and requirements to be addressed in
these projects, many of them linked to the pedagogic and ICT changes mentioned above.
While the need for a collaborative approach in the development of HE spaces has been
strongly promoted in recent years, the tensions between some of the perspectives above
have also been at the forefront (Boys, 2011; Ellis and Goodyear, 2016; Walton and
Mathews, 2019).

In particular, a space typology that has been significantly affected by ongoing campus
transformation are the spaces dedicated for self-directed learning, also known as informal
learning spaces (ILS). In comparison, to innovative teaching spaces, such as active
learning spaces, ILS have received a limited interest from research (Walton and
Matthews, 2019), in particular in regard to their design and evaluation processes. Within
this typology a wide range of spaces can be included, such as study areas in university
libraries, information and learning commons, learning resource centres, learning hubs, or
social study spaces amid others (Blummer and Kenton, 2016; Walton and Mathews,
2019).
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1.2. Shortcomings in Higher-Education learning space design
Taking into account the aforementioned developments and especially the rapid impact
these have had in shaping the current university campus, often without a robust evidence,
it is not surprising that learning spaces in HE have been identified as an ‘underresearched’ topic (Temple, 2008). According to Temple, linkages between space design,
their usage and their pedagogical contribution lack strong evidence or theoretical basis.
In a similar manner, Cleveland and Fisher (2014) called for the development of rigorous
methods that can be used to assess the effectiveness of physical learning environments in
supporting desired teaching and learning practices, activities and behaviours. Moreover,
it is also important to not only assess how they support or enhance certain learning
practices, but also to explore how they enable institutional effectiveness, and to position
these within the wider institutional context (Temple, 2008; Brown et al., 2017).

An additional issue, identified by recent research, refers to the lack of available formative
evaluation methodologies, that can support space developments through their lifecycle,
starting from early design concepts through to the occupancy and management of these
spaces (Lee and Tan, 2011; Cleveland and Fisher, 2014). The need for formative tools
that support design is further highlighted by Boddington and Boys (2011, p. 18), in their
call to move towards methods and tools that ‘reveal, assist and inform rather than dictate
the management and construction of learning spaces’. Moreover, in relation to decisionmaking in front-end design processes, Boys (2011) highlights the problem of current
practice, which often relies on simplified metaphors to translate pedagogic requirements
into spatial solutions, a process that is not so simple nor straightforward due to the
complexity of the social and spatial relationships taking place in learning environments.
Furthermore, adding to this complexity, it has been acknowledged that while lessons
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learned from previous cases are valuable, each Higher Education Institution (HEI) should
consider its own context, which should be reflected both in the design (Lee and Tan,
2011) as well as, in the evaluation processes undertaken (Riley, 2013). Den Heijer (2011)
denotes that trying to assess the impact of estate developments in an isolated manner is
problematic at best, and futile at worse, as these interventions encompass changes in other
production factors, such as ICT, campus services redesigns or work practices. Moreover,
Beckers (2016) indicates that the interrelation between human, organisational and
technical variables, occurring within HE learning environments, is very complex and
ever-changing, and therefore, it remains, and will remain, an ongoing challenge for
campus infrastructure planners.

Another concerning aspect refers to the wide range of stakeholders involved during the
design, management and use of these spaces. As mentioned in the background, these
developments have been largely motivated by ICT and pedagogic aspects, as showcased
by the increased interest on space design shown by associations and academics
representing these groups. This has resulted in the involvement of a wide range of
stakeholders who represent diverse communities of practice and disciplines, often with
different values and perspectives about the purpose and use of learning spaces (Walton
and Matthews, 2019; Boys, 2011). Thus, integrating and managing these requirements
presents an important challenge for those involved in the design and operation of learning
spaces. In any case, Ellis and Goodyear (2016) indicate the importance to ensure that
these spaces are designed and managed as a ‘collective responsibility’. Moreover, Brandt
and Bachman (2016, p.19) through their study of processes to designing and developing
campus services and spaces for the future campus, highlight a similar issue, where; ‘the
expertise distributed across the university as an organisation is not integrated sufficiently
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(…) as a result, the implemented ideas often lack context, whilst new developments and
changing needs (especially if implied) usually attract little interest within the tight
building and planning routine’. Therefore, for the satisfactory implementation of new
space and service concepts, they suggest the deployment of structured approaches that
make these tensions explicit and support balanced decision-making.

Figure 1.1. Overview of challenges in HE learning space design

All in all, it appears that the design of learning spaces in HE is an increasingly complex
process, due to the implementation of new learning technologies, pedagogies, and the
need to cater for the needs of a wide range of stakeholders. Reviewing recent research in
the area highlights an existing gap in current design practice, where current front-end
design process appears ill-equipped to address this complexity, often recurring to basic
spatial models (Boys, 2011). Furthermore, the number of diverse stakeholders, with
different requirements and perspectives on learning spaces, requires collaborative effort
in decision-making around learning space developments. Thus, a structured approach
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which supports a balanced process for early learning space decisions also appears
necessary. Finally, it remains important that the frameworks or tool deployed, rather than
focus on normative and prescriptive solutions, enable HEIs to capture and reflect the
contingent priorities that reflects their particular institutional contexts.

1.3. A paradigm shift: A Sociotechnical Systems approach
Recently, systems thinking has regained interest as a paradigm to conceptualise and
analyse the complex interactions that take place within the built environment. These
include the organisational ecology approach to space planning and management
(Alexander and Price, 2012), the interactive design concept of ‘usability’ applied to the
built environment (Alexander et al., 2013, Hansen et al., 2011, Fronczek-Munter, 2014),
the interactive adaptivity approach (Cole et al., 2008; Coleman and Robinson, 2018), the
sociotechnical Post Occupancy Evaluation (POE) (Chiu et al., 2014; Lowe et al., 2018)
or the redesign of urban and healthcare systems through sociotechnical systems (STS)
design frameworks (Stevens and Salmon, 2014; Hughes et al., 2017; Patorniti et al.,
2018). In light of the challenges identified (figure 1.1), there is an opportunity to
investigate paradigms underpinned by systems thinking in the context of learning space
design. In particular, STS offers a number of opportunities to both rethink the way
learning space performance is understood and conceptualised. Walker et al. (2008, p.494)
denote that STS theory is rooted on ‘a set of explicit concepts, inspired by general systems
theory, aimed at jointly optimising people, technology, organisations and all manner of
other systemic elements’. Therefore, three characteristics suggest the suitability of STS
as a theoretical framework to tackle the aforementioned challenges.

First, STS, as indicated in the definition, is underpinned by general systems theory. Read
et al. (2014), provides an overview of the characteristics that make the systems paradigm
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uniquely distinct from positivist or socio-constructivist paradigms (Vischer, 2008).
Firstly, the concept of emergence, which refers to phenomena produced by the
interactions and relationships across the multiple components within the system.
Therefore, acknowledging complexity, and recognising that the behaviour of the system
is different to that of each of the components that form it, and it is dependent on the nonlinear interactions taking place between its components, being these components the
people, organisations, information or the infrastructure. Moreover, system’s approaches
recognise that performance and behaviours are variable across the system and its
components, thus, by acknowledging variable and unanticipated behaviours, the aim is
unfolding a range of possible behaviours rather than prescribing concrete ones. Finally,
these approaches recognise the dynamic nature of systems, as they evolve over time, thus,
viewing them as an ever-changing process rather than a finalised product.

Second, the theoretical developments of STS have been deeply enrooted with design
processes. As a result, since its origins a number of design oriented contributions have
followed, these include principles for design (Cherns, 1987; Clegg, 2000, Davis et al.,
2014; Read et al., 2014) or design frameworks to inform and support the design of
complex systems (Rassmussen et al., 1994; Vicente, 1999; Davis et al., 2014). Within the
latter, Cognitive Work Analysis (CWA), originated in the 70s, appears as the most applied
framework. The CWA’s range of design tools have been developed over the years,
through the application to a number of domains and for various design problems, which
include urban design (Stevens and Salmon, 2016; Patorniti et al., 2018), interface design
(Vicente, 1999), design of healthcare systems (Jiancaro et al., 2014), or within the military
domain (Jenkins et al., 2009; Naikar, 2017). The close linkage of STS theory to design
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and longstanding development of some of its design frameworks provides a promising
direction to support HE learning space design problems.

Third, STS theory from its inception has been characterised by a set of humanistic values,
focused on the redesign of work systems on three principles, 1) autonomy to the user, 2)
adaptability, and 3) meaningfulness of tasks. These three principles from the classic
account of STS (Trist and Brammford, 1951) have been further expanded over the years
to account for new developments in ICT and to address increasingly complex systems
(Clegg, 2000; Read et al., 2014). These user-centric principles, such as the design of
systems that provide agency and autonomy to the user in regards to deciding how to
interact with them, which have influenced STS design frameworks and toolkits, share
many commonalities with the recent learning and teaching strategies that have shaped HE
in recent years. In particular, the strong focus on learner-centric pedagogic approaches,
which share several STS design principles. Thus, the design of the learning environment
could benefit from frameworks that already integrate similar principles.

1.4. Research aim, questions and objectives

In light of the challenges identified above, there is an opportunity to investigate the design
of learning spaces in HE through the lenses of STS theory. In particular, to explore how
design frameworks, underpinned by STS theory, can support modern learning space
design processes by unravelling and addressing the complexity behind them as well as,
by integrating the views of various stakeholders. In line with this, the aim of this thesis is
established as follows;
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To develop and explore the application of a framework, underpinned by sociotechnical
systems theory, to support front-end design and decision-making processes for higher
education spaces designed primarily to support self-directed learning.

Furthermore, to guide the investigation undertaken in this thesis, the exploratory aim
stated above has been decomposed into three investigative questions, established as
follows:

How can the complexity associated with the functional performance and design
requirements of ILS be articulated and conceptualised?

What are the functional constraints and factors that influence and shape decision-making
and front-end design processes in relation to ILS design in HE?

How can decision-making processes be supported through the assessment of the
functional performance of various ILS design concepts in a comparable manner?

Moreover, to guide the research process and to articulate the actions undertaken to address
the research aim and questions, five research objectives (RO) are established as follows:
•

RO1: To investigate existing HE learning space design and evaluation
initiatives, trends, and design solutions, in particular, those developed primarily
for self-directed learning.

•

RO2: To explore the suitability and applicability of STS design frameworks in
architectural design processes, and in particular, within the context of campus
developments.

•

RO3: To investigate and conceptualise the functional structure and performance
criteria underpinning ILS projects in HE.
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•

RO4: To propose an approach to investigate and establish attitudes and views of
stakeholders involved in the design and decision-making process in the
development of ILS.

•

RO5: To propose and critically review the application of metrics that can aid in
assessing design concepts based on their functional appropriateness.

1.5. Overview of the research methodology

As indicated in the aim, the focus of the thesis lays in exploring the potential application
of a new methodology, underpinned by systems thinking and STS theory, with the
purpose of complementing front-end design processes. For this purpose, the pragmatist
epistemology was chosen by the researcher, which indicates that the selection of methods
should be underpinned primarily by the research question and objectives at hand. In this
case, a sequential mixed methods approach is considered most suitable. First, as the
application of the STS framework occurs in a novel domain, an in-depth case-study is
conducted to establish, develop and conceptualise a model encompassing the functional
structure of an ILS. Following this, in a second stage, the model is then used to assess
design concepts through two possible methods, one focused on establishing stakeholder
priorities and supporting decision-making, while the other aims to explore the use of
network metrics to establish and compare the functional performance of different design
concepts. All in all, the following flowchart (Figure 1.2.) showcases the links between
RO, research design, methods, and how these are structured within the thesis.
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1.6. Thesis structure
The thesis is structured across 10 chapters, as follows:
Chapter 1: Introduction – This chapter serves to highlight the research topics
background and identified research problems. Furthermore, the study’s aim and
objectives are established together with an overview of the remaining of the thesis and
the research process.

Chapter 2: Design quality and value in the built environment - In this chapter, the issues
of design quality and value in the built environment are reviewed. The chapter serves to
review common approaches, methods and techniques used to assess and evaluate design
quality. Furthermore, the field of value management is reviewed, including the principles
that underpinned concepts of design value, its application across the lifecycle, and most
relevant approaches. Finally, a set of problems and principles associated with measuring
design quality and value, derived from the review, are presented.

Chapter 3: Learning space design and evaluation in HE - The chapter focuses on the
recently identified issues with learning space design and evaluation in HE. Similarly, the
issues identified with the design process and the challenges specific to this context are
presented. The chapter includes the review of initiatives and industry reports, which
recommend design principles and guidelines to improve the design processes in HE.
Furthermore, to gain understanding of new developments in informal learning space
design, a set of published case-reports is reviewed. The initial findings from the review
are presented in this chapter. Finally, a summary of the identified research gaps is
presented.

12

Chapter 1 - Introduction
Chapter 4: Conceptual Framework: STS theory and design framework - The chapter
sets out to discuss how the application of sociotechnical systems (STS) design
frameworks offers opportunities to address some of the problems identified in previous
chapters. First, a reflection on complexity in relation to HE and campus developments is
presented, a context that resembles is environments comparable to those found in
complex STS. Furthermore, a review of established frameworks for STS design is
presented, followed by a discussion on the potential interventions to address the problems
and shortcomings identified in previous chapters. Finally, these interventions are laid out
across different stages of the project lifecycle (RIBA Plan of Works). Thus, the chapter
serves to establish the theoretical framework (STS and WDA) for the thesis.

Chapter 5: Research Methodology - In this chapter, the research methodology is
discussed in relation to the aim, objectives and theoretical framework synthesised from
previous chapters. These include a discussion on the epistemological and ontological
positions, the logical approach and research design stages, and the choice of methods, and
provides a rationale on their suitability to address the established aim and objectives.

Chapter 6: Development of the AH model of an ILS - The chapter presents the first stage
of the research process, featuring an in-depth case-study about an ILS development
programme at UK based HEI. The process is informed by the steps established for
developing an Abstraction Hierarchy of a sociotechnical system. The initial model is
developed based on the results from stakeholder semi-structured interviews, document
analysis, project documentation and findings from the reviewed ILS cases. The analysis
of the data discussed in the chapter, and a set of constraints that underpinned the design
of ILS are initially established. The chapter finalises with a first iteration of the model
representing an ILS as a complex STS.
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Chapter 7: Validation and refinement of the AH model - In this chapter, the previously
developed model is validated and refined using a Delphi method. Through a series of
guided in-depth interviews, the model is reviewed by three stakeholders and through and
further refined through three iterations. The model is finalised by establishing
interconnections and relations through a questionnaire survey and an interrater agreement
at a second Delphi round. Finally, the validated AH model of an ILS is presented.

Chapter 8: Stakeholder perspectives in the development of ILS in the UK - In this
chapter, the abstraction hierarchy network developed in previous chapters is used to
understand and derive the priorities of stakeholders involved in ILS designs across the
UK. For this, a questionnaire survey, featuring the high-level constraints identified in the
case-study, is used. The responses are then analysed using the Analytical Network
Process (ANP), a multi criteria decision method, to collate and established the priorities
from the network. The results of the analysis based on the responses of different
stakeholder groups involved in decision-making on ILS projects (i.e. academics, estates,
library services, and ICT-related services) are presented and discussed.

Chapter 9: Systems Pre-OE methodology for the assessment of design concepts - In this
chapter, the proposed methodology, which encompasses various stages and combines
processes shown in previous results chapters, is presented. Furthermore, the systems PreOE is trialled using three ILS designs from the initial case-study. Using three Abstraction
Hierarchy networks, and to ensure a comparable and objective assessment across the three
cases, three common network centrality metrics are computed, and the results are
discussed and reviewed. Finally, the chapter concludes with a discussion around the
systems Pre-OE, including the perceived challenges and a reflection on how the approach
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could be implemented in architectural projects, and in particular, as a complementary
method within the existing Value Management and Engineering toolkit.

Chapter 10: Conclusions - This chapter summarises the thesis and presents the main
findings of the study in relation to the aim and objectives. The chapter highlights the
contributions of the thesis as well as, reflecting upon the research limitations. Finally, a
set of recommendations for future research are presented.
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Chapter 2 - Design quality and value in construction projects
2.1. Chapter introduction

The process of reviewing existing literature enables to understand gaps in current research
serves to guide the direction of the thesis, as well as, building upon the work of others. In
the first part of this chapter, a review exploring theoretical foundations and challenges
regarding the conceptualisation of design quality is undertaken. Moreover, a number of
approaches to assess designs, and support front-end design processes are revised, by
exploring some of their shared principles, strengths, limitations and AEC applications.

2.2. Conceptualising design and value in the built environment
‘As complexity and scale of design processes in architecture and in engineering
increase, as well as the demands on these processes with respect to costs, throughput
time and quality, traditional approaches to organise and plan these processes may no
longer suffice’ (van Aken, 2003, p.1)

The issue of the design quality of the built environment has been an important topic in
recent decades (McMillan 2004, Eley, 2004; Watson et al., 2016; Serugga et al., 2020).
In the UK, this relevance is signified by the creation of the Commission for Architecture
and the Built Environment (CABE), back in 1999 (McMillan, 2004). This has resulted in
a wide range of initiatives and has resulted in various tools and methods being developed.
For instance, CABE (2002) calls for a higher focus on client and stakeholder engagement,
establishing benchmarks for measuring design quality, improving communication in
design process, a focus on whole-lifecycle benefits and costs, and a focus in added value.
These aspects were restated by The Strategic Construction Forum’s ‘Accelerating
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Change’ report (2002), where the vision for UK’s construction industry established areas
in which the future built environment should excel;

‘Our vision is for the UK construction industry to realise maximum value for all clients,
end users and stakeholders and exceed their expectations through the consistent delivery
of world class products and services (…)
• add value for its customers, whether occasional or experienced, large or small.
• exploit the economic and social value of good design to improve both the functionality
and enjoyment for its end users of the environments it creates (for example, hospitals
where patients recover more quickly, schools and workplaces which are more productive
and more enjoyable to work in (…)
• become more profitable and earn the resources it needs to invest in its future
• enhance the built environment in a sustainable way and improve the quality of life’
The Strategic Construction Forum (2002 pp.10)

The SCF’s vision, particularly in its second and fourth points, calls for construction
projects to deliver benefits and value in their usage, that go beyond traditional project
constraints of time, quality and cost. Thus, adding complexity to early briefing and design
processes, where decisions are to be made, not solely based on Time, Quality and Cost,
but also on the benefits the built environment can bring in the future (Serugga et al.,
2020). As a result, a number of approaches, aiming to improve the design quality and
added value of construction projects have gained traction in recent decades. These include
amid others, those that aim to clarify the criteria to define quality, generally referred as
Multi-Criteria Analysis tools (MCA), for instance tools such as the Design Quality
Indicator (DQI) or the Housing Quality Indicator (HQI) (Eley, 2004). Other approaches

17

Chapter 2 – Design quality & value in construction projects
include tools that support and structure the decision-making of stakeholders, like MultiCriteria Decision-Making (MCDM), or those that aid in establishing client value systems
(Saaty and Vargas, 2013; Mills, 2013; Boateng et al., 2016; Gunderson, 2019). The
intention behind these is to establish clear requirements for building projects, which can
then, be translated into effective design solutions, which in turn leads to realising projects
benefits for clients and users. Other tools focus on conceptualising the values and needs
from clients and stakeholders. and how these are enabled by the built solution’s
functionality, these include Value Management (VM) approaches like function analysis
- e.g. FAST, SMART, or elemental function analysis (Kelly et al., 2014). The following
sections will review some of these approaches used to measure the design quality and
value in the built environment.

2.3. The challenge of assessing design quality and value
The concepts of design quality are highly dependent of the context and purpose of a
building. One of the most common approaches to conceptualise design quality is based
on the three Vitruvian qualities attributed to buildings, venustas, firmitas and utilitas
(Eley, 2004; Fronczek-Munter, 2014), which are roughly translated to aesthetics,
firmness, and utility. These traditional dimensions are deeply rooted in architecture, and
have been the basis of design quality awards, such as the RIBA awards (Gann et al.,
2003). A common term used in architecture, that help in identifying the appropriateness
of designs, is that of functionality. The functional quality of a building refers to “its ability
to fulfil the functions envisaged for it” (van der Voort and van Wegen, 2005). The primary
functions for a building refer to; the spatial organisations of activities, climate regulation,
economic function and the symbolic function (Hillier et al.,1976).
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Another approach through which quality can be appraised is through the concept of value
added. Value, rather than looking at quality as a property focuses on the broader impacts
resulting from construction projects. For example, CABE (2006) identifies various value
types that broadly encompass the effects the built environment can have through its use,
which are grouped in exchange, use, image, social, environmental, and cultural values.
These values aim to broaden the understanding of effects from the built environment, to
avoid an excessive focus on time and cost. What appears clear, is that design quality is
not a universally applicable concept, but rather a plastic and changing concept, that
depends on the context, client needs, and purposes for which the buildings are developed.
These issue of multi-stakeholder views of the built environment, which include end-users,
construction clients, contractors or designers, is a well-known problem in built
environment research (Kernohan et al., 1992; Brown and Gifford, 2001; Kok et al., 2011;
Vidalakis et al., 2014; Walton and Matthews, 2019) and is clearly embedded in the
thinking behind the DQI:

‘...there could be no single, universal result (...) Rather, design quality reflects
multiple viewpoints from communities of design professionals, and from user groups
including lay people’ (Gann et al. 2005, p.323)

Dewulf and Van Meel (2003) highlight the issue of design quality, largely being focused
on quantitative metrics, which strive to measure technical performance aspects. The
dominance of positivistic studies is an issue also highlighted by Vischer (2008) and
Watson et al. (2016) reviews on user-centred assessments in the built environment, which
suggests that beyond technical metrics, the attempt to measure and quantify also applies
to social and psychological measures.
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‘All, however, mainly work with quantitative techniques, striving for objective and
comparable measurement (…) existing quantitative or ‘positivistic’ studies have great
value for science and practice, but they fail to address the more ‘soft’ and intangible
aspects of quality. Without doubt, buildings should have a good indoor climate,
appropriate ergonomics and functionally support internal activities, but these
characteristics only partly define excellence or ‘delight’ in design.’ Dewulf and van
Meel (2003, p.248)

2.4. Methods for measuring quality and value
Once, the concepts of value and quality have been introduced, the following section
reviews some of the methods that have been applied to assess design quality, value added,
and all-in-all support front-end design decision-making processes in AEC projects.

2.4.1. Multi Criteria Assessment and MCDM methods
Multi-Criteria Assessment (MCA) and Multi-Criteria Decision Making (MCDM)
methods have been applied during front-end design processes, in particular early briefing
and concept design stages (Serugga et al., 2020). A wide range of tools and methods can
be classified in this group, with an aim to inform design processes by establish
performance criteria, and in some cases aiding in the choice among various alternatives.

Within the MCA methodologies applied in construction, the DQI is a prevalent approach.
DQI was developed with the aim to inform design decisions and processes, to be used by
various stakeholders, thus avoiding excessive jargon, and to be flexible enough to capture
individual views of quality based on the design intent of the building, thus being
applicable in various sectors (Gann et al., 2003). The tool includes multiple criteria that
are used to define design quality. The DQI is conceptualised within three dimensions,
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rooted on the Vitruvian principles (i.e. Utilitas, Firmitas, Venustas), these refer to; (1)
function, which includes criteria in relation to the use, space, layouts, or accessibility
issues; (2) build quality, which includes technical performance, building services
performance and construction aspects; and (3) impact, which includes social integration,
quality of finishes, aesthetics, form and material, and innovation (CIC, 2003). The toolkit
first requires users to prioritise among the three quality dimensions of Function, Build
Quality and Impact, later based on the initial prioritisation, criteria within each section
are magnified or minimised. DQI’s role within the design stage, is positioned as a tool
that serves to clarify and visualise the priorities of multiple stakeholders, and as a starting
point for discussion and reflection, rather than as a tool directly applicable to design
processes. Following the DQI approach, studies have adapted the tool and criteria to a
variety of contexts and countries, for instance, adapted to the construction environment
in Malaysia (Suratkon et al., 2016).

Other MCA approaches have also featured in design processes, in particular in aiding
with the selection between alternatives. These MCA approaches, in contrast to the holistic
perspective of design quality adopted by DQI, emphasise quality and performance of
certain building elements, such as heating systems (Kaklauskas et al., 2005; Chinese et
al., 2010) or façade designs (Kültur et al., 2019). Kaklauskas et al. (2005) extend MCA
to analysing the performance of various building elements against various criteria,
including costing, time, durability, or aspects related to technical performance, which
serve to provide a measurement of alternative retrofit options. Furthermore, some MCA
applications within this grouping explore sustainable design alternatives against a
baseline case focusing on sustainable design and related environmental criteria (Soebarto
and Williamson, 2001). Finally, the TOBUS method (Brandt and Rasmussen, 2002),
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within the context of building refurbishment, is another example of a MCA approach used
to diagnose the condition of existing commercial buildings. The checklist encompasses
criteria by indicating various grades to assess the condition and need of repairing works
of different elements. The weights to establish and rate the condition are obtained by
comparing built elements to the checklist. A common characteristic of these MCA
approaches suggests that the featured criteria within them deals primarily with
quantitative aspects, mostly related to financial and technical performance, where sociopsychological and qualitative factors of quality are rarely factored in these computations.

MCDM methods ‘provide mathematical models to weight criteria, score alternatives and
synthesise the final results’ (Si et al., 2016 p.107). Therefore, they are similar to MCA
methods, where complex decision-making problems are conceptualised and structured
through multiple criteria. However, MCDM methods, beyond structuring the problem,
also offer means for solving decision-making problems by comparing, ranking, or
assessing multiple alternatives and options against established criteria and priorities
(Velasquez and Hester, 2013). Ribeiro et al. (2011) in their MCDM taxonomy, provide
an overview of the most commonly used methods, which are categorised depending how
they aid in choosing options and can be classified within 3 categories: scoring methods,
comparative methods and ranking (also known as distance-based) methods. The review
of Jato-Espino et al. (2014) showcases the application of methods for a wide range of
problems within AEC sector, such as selection of contractors, exploring construction
technology alternatives, or bid selection. One of the most applied MCDM refers to the
Analytical Hierarchy Process (AHP), a comparative approach, followed by scoring
approaches, in particular SMART (Simple Multi-Attribute Rating Technique), and lastly,
ranking methods such as TOPSIS (Technique for order of preference by similarity to ideal
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solution) getting the least attention from AEC sector (Velasquez and Hester, 2013).
Findings from recent studies on design decision-making, established the effectiveness of
three popular MCDM methods with a large sample of respondent, results showcased that
the methods offer benefits when compared with decisions taken through more intuitive
processes (Ishizaka and Siraj, 2017). In the context of product design and architectural
design studio projects, findings also suggest that MCDM methods lead better informed
decisions and evaluations. MCDM methods were deemed valuable in facilitated
individual and group evaluations by making criteria and sub-criteria clear, clarifying
priorities, and finally, enabling ranking and comparing alternatives consistently
(Harputlugil, 2018; Özsoy and Özsoy, 2018).

In relation to design decision-making problems in AEC, one of the most prevalent
methods is AHP. Both AHP and its more developed variance of the Analytical Network
Process (ANP) (Saaty 1996; Saaty and Vargas, 2013), have been applied to solve
problems of material selection for construction projects, attending to various criteria and
sub-criteria to assess its sustainability and comparing a range of alternatives against these
(Akadiri et al. 2013; Mahmoudkelaye et al., 2018). These include environmental impact,
lifecycle costs, waste generation, performance, efficiency and social impacts, and various
sub-criteria under these (Akadiri et al., 2013). Mahmoudkelaye and colleagues’ study
(2018) focused on material selection, for a façade element for a given residential building,
thus, they emphasise that, both the priorities derived, and the ranking of alternatives are
unique to this particular context. This is a challenge also present in design quality related
assessments, as both share similar difficulties in terms of defining (i.e. establishing
relevant criteria, sub-criteria, and ensuring they reflect the context’s priorities) and
measuring them (Gann et al., 2003; Dewulf and van Meel, 2003).
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AHP, has also been used to appraise the design quality of buildings, in particular
healthcare, from the perspective of stakeholders involved in hospital design. The use of
AHP was deemed appropriate due to the complex processes and functions associated with
hospital operations, the wide range of stakeholders involved in decision-making, the
frequent user-oriented design, and the openness of the sector to systematic approaches to
design (Harputlugil et al., 2014). In this study, the AHP tool was not applied to evaluate
alternatives, but rather to determine the priorities of different stakeholder groups, a similar
approach to the previously mentioned MCA methods. The results indicated that
participants found the AHP approach useful during early design processes, to inform
decision-making and choice, as well as establishing and communicating project priorities.
Primarily from occupants and other users inexperienced with the architectural design
processes - e.g. patients and staff -, an issue frequently addressed by front-end design and
occupant involvement research (Kernohan et al., 1992; Dewulf and van Meel, 2003). In
another application, Middlehurst et al. (2018) utilised AHP to determine the priorities,
from users across four office facilities to determine the importance of traditional factors
measured by Post Occupancy Evaluation (POE) methods. The established priorities,
served to establish the environmental factors that have a higher influence on occupant’s
satisfaction and comfort, aiming to inform the development of more relevant POE tools.

In the context of HE facilities, Abdulrahman (2010) developed a framework to measure
the performance of co-location projects (i.e. when a HE and FE institution share a
facility). In this case, the Simple Additive Weighting (SAW) approach was utilised to
weight the criteria and sub-criteria included in the performance measurement framework.
SAW is a MCDM method, that offers an intuitive and simple scoring approach for
decision-makers. However, the simplified representation might result inaccurate results
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that do not represent the problems clearly. Another MCDM method used in AEC, refers
to the Simple Multi-Attribute Rating Technique (SMART), frequently featured in Value
Management studies (Velasquez and Hester, 2013). An overview of relevant MDCM and
MCA methods is presented in Table 2.1.

Table 2.1 Overview of MCA and MCDM methods applied to AEC projects
MCDM/MCA
method
CIC – Design
Quality
Indicators (DQI)

Advantages

Disadvantages

Broad overview of quality
includes quantitative and
qualitative criteria and
sub-criteria. It allows for
priority weighting.

Simple Additive
Weighting
(SAW)

Simple, intuitive, doesn’t
require complex
estimations

Simple Multi
Attribute Rating
Technique
(SMART)

Simple and intuitive,
enables relative and
absolute measures in
deriving priorities.

General and predefined categories
(flexibility and
context). Can be
challenging for users to
prioritise criteria and
dimensions.
Problem might not be
conceptualised clearly.
The simple addition
weighting approach,
can results in
misleading weights.
The simple addition
weighting approach,
can results in
misleading weights.

Analytical
Hierarchy
Process (AHP)

The organisations of
criteria as a hierarchy of
criteria/sub-criteria makes
it relatively intuitive.
Extensive use.
Enables defining problems
flexibly and selecting
alternatives.
More complex than its
simpler version of AHP,
which allows to model
real problems more
accurately.
Enables defining problems
flexibly and selecting
alternatives.

Analytical
Network Process
(ANP)

Other MCA
models

Selection of criteria to
those relevant to the
specific design problem
(e.g. façade design,
heating systems, material
section…)

Lengthy data collection
process, particularly
conducting pairwise
comparisons.

Lengthy data collection
process, particularly
conducting pairwise
comparisons.
Interconnections can
result in complex
networks, in
comparison with
simpler hierarchies of
AHP.
Mostly dominated by
quantitative metrics.
Fails to capture wider
impacts of the entire
design.
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Applications in AEC
design problems
Assessing the design
quality in various
context (CIC, 2003)

E.g. Abdulrahman
(2010) – Partly
Includes use, together
with project
performance
Particularly used in the
field of Value
Management. I.e.
Green (1994); Kelly et
al. (2014)
Various applications, to
define priorities or
explore alternatives:
Harputlugil (2018);
Özsoy and Özsoy
(2018);
Middlhurst et al.
(2018)
Fewer applications in
design issues than AHP
– Material selection,
design assessments..
Boateng (2014);
Mahmoudkelaye et al.
(2018);

Soebarto and
Williamson (2001);
Kaklauskas et al.
(2005); Chinese et al.
(2010); Kültur et al.
(2019)
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The potential value of MCA and MCDM methods, it is justified by the need to inform
judgements in design processes. According to Mills (2013, p.323) around AEC design
process; ‘information is always missing when making decisions or judgements; this
reflects a common industry problem’. The approaches discussed above show that they
can support this process, by providing a structured method to collect information, and to
make apparent the criteria that will underpin stakeholder’s judgements in a cost and time
effective manner.

2.4.2. Assessing value: Value Management and Value Engineering
Another discipline which supports design decision-making and early briefing and
programming processes is Value Management (VM). VM within construction was
initially defined by Kelly and Male (1993, p.4) as follows; ‘a service which maximises
the functional value of a project from concept to completion (…) through the audit of all
decisions against a value system determined by the client’. The British Standards (BSI –
1325: 2014) adopts a similar definition, where value is seen as the result of how the
resulting function contributes to the need, in relation to the cost. In this case, the costs are
often measured with ease, while the contribution of function to the needs, can include
both measurable and subjective aspects. In a similar note, Fong (1999) and Dallas (2006)
define value of a construction project as the relationship between the benefits delivered
and the resources used. Resources, they state, can be quantified in monetary terms (e.g.
cost of resources, human or technical, materials…), while the benefits delivered are often
challenging to asses, as these convene both objective and subjective benefits.

VM is also referred to as a collaborative approach for construction projects, rooted in
teamwork and collaboration between stakeholders, clients and project teams. The
implementation of VM in a construction project, therefore, requires the undertaking of a
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value study, or various studies, that can take place at different stages of the project
lifecycle (Figure 2.1.). While the agenda and activities undertaking in these might vary,
value studies are generally organised in three stages, (1) orientation and diagnosis, (2) the
value workshop, and (3) the implementation (Kelly et al., 2014; RICS, 2017).

Figure 2.1. Value study opportunities across the project lifecycle. Adapted from Yu et al. (2005) and
Kelly et al. (2014).

The concept of value, while similar in many aspects, moves away from design quality in
others, where value is defined by the formulae resulting between dividing the
functionality of the design and the costs inferred (Kelly, 2007), rather than an embedded
property of a design (e.g. quality). Cha and O’Connor’s (2006) study revealed the project
characteristics considered critical in driving the need for VM processes. The top five
characteristics referred to; (1) Unclear project requirements and objectives, (2) reduction
of the life-cycle costs is an important objective, (3) owner lack of in-house resources for
the execution of the project, (4) the project is very complex, and (5) owner’s expectation
and objectives are often in conflict. Moreover, based on Spaulding and colleagues’ (2005)
study, the main reasons for the application of VM in construction projects in Australia,
refer to; the development of more effective designs, elimination of unnecessary costs to
achieve better Value for Money (VfM), and clarification project objectives. The study of
VM practices and experiences in Northern Ireland (Perera et al., 2011) also showcased
benefits in relation to cost, where the surveyed stakeholders reported average cost savings
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ranging between 5 and 10%. Similarly, examples from VM and VE in complex building
settings, such healthcare or education facilities, report similar benefits in client and user
satisfaction as well as cost savings in regard to VM and VE applications (OGC, 2007). In
the following section, an overview of common VM techniques used to accomplish those
purposes are reviewed.

2.4.3. Approaches to define the client and stakeholder’s value systems
In a similar way to design quality, value is also dependent on each project, and is to be
defined by the client. When it comes to value derived from construction projects, a
number of broad value dimensions have been discussed (Table 2.2). The client value
system serves to establish the higher order functional values resulting from projects. In
this regard, Kelly et al. (2014) propose a simple pairwise comparison matrix, between 9
value drivers to define the priorities across criteria. While AHP, previously discussed, is
also considered as an option, this is perceived as too complex to conduct within a
workshop environment. Arguably, simple pairwise comparisons provide an insight of
what is prioritised; however, it lacks the rigour of AHP, in particular to attribute numerical
values to the values and the priorities. Another critique on the approach, is that the value
system is often built under the perspective of few stakeholders, suggesting involving the
views of those that can authorise, do or be consulted through the process. However, on
completion the building is experienced by a wider number of stakeholders, which are not
reflected on the ‘client value system’ (Mills, 2013).

The inclusion or exclusion of values seems to differ between proponents. For instance,
Kelly (2007) in his value discussion relates these to the ‘Kano model’ of quality, which
categories features into three factors: basic, performance and delighters. Basic factors, or
hygiene factors, are those that cause dissatisfaction if missing but exceeding the minimum
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expectation does not lay any extra satisfaction. Meanwhile, performance refers to
expected factors, that when exceeded result in a higher client satisfaction. Finally,
delighters are factors that if present, even if not fulfilled to the maximum potential results
in client satisfaction. Kelly (2007) argues that basic features, such as safety or security,
should not be considered as part of the value system, as they need to be covered by the
project in all cases. In contrast, he proposes 9 dimensions (Table 2.2) that reflect and
encompass performance and delight factors. In contrast, Mills’ (2013) ‘VALue in Design’
(VALiD) methodology, proposes starting from understanding individual values, intrinsic
to each stakeholder involved in the process, derived using the Schwartz’s Value Survey
(SVS), which includes 57 values, grouped into 10 distinct motivations (Table 2.2). These
serves as the basis to reveal the organisational values (as averaged from the respondent
surveys), which can later be reflected in the project vision and mission. Thus, this exercise
is suggested to be undertaken in the strategic definition stage. At later stages, Mills (2013)
suggests the selection of relevant criteria as to reveal the expectations of stakeholders
from the building, enabling for selecting those values in the form of benefits, sacrifices
and resources, in concordance with the established value definition (i.e. Value = (Benefits
– Sacrifices)/Resources), deemed relevant to each specific project. In the conducted casestudies. These criteria, framed as value propositions, later enable client’s and relevant
stakeholders to subjectively assess the extent to which a design solution meets, fails to,
or exceeds the defined value propositions. The definition of value criteria and value
propositions takes place during the project brief, while the judgements of their fulfilment,
can serve to assess outlines and design concepts, technical and developed designs, or
building in-use (Mills, 2013).
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Table 2.2. Overview of Value Dimensions in the Built Environment as established by various studies
CIC DQIs
(2003) –
Design
quality
dimensions
(F) Use

(F) Access
(F) Space

(BQ)
Performance
(BQ) Eng.
Systems
(BQ)
Construction
Impact (I.)
Form &
Materials
(I.) Internal
Environment
(I.) Urban &
Soc.
Integration
(I.)
Character &
Innovation

Mills (2013) –
General Value
Criteria for
Education
Buildings
Functionality –
Use

Carmona
(2019) –
Place Value
Framework
(Urban design)
Health Healthier

Capital
Costs
Operational
Costs

Functionality –
Access
Functionality –
Space

Image

Exchange

Build Quality Performance

Society Socially Richer
Economy
Economically
Stronger
Environment Environmentally
supportive

Cultural

Environment

Exchange

Flexibility

Build Quality Engineering
Build Quality Construction
Impact –
Building
Character
Impact – Form
& Materials
Impact –
Internal
Atmosphere
Impact – Urban
& Social
Integration
Delivery – PM
Delivery –
Provider
Benefits
Operation –
Business Case
Operation Sustainability

National
Auditing Office
(2004) Value
Drivers

CABE (2006)
– Value types
in the built
environment

Kelly (2007)
– General
Value
Dimensions

Maximise
Business
Effectiveness
Ensure Effective
Project Mgmt.
Achieve required
financial
performance
Impact positively
on the locality

Use

Time

Social

O&M costs &
env. impact
Comply with
third party req.

Environmental

Esteem

Comfort
Politics /
Community

2.4.4. Function Analysis: Idea generation and assessment of value
As mentioned before, the concept of function and its analysis, are key characteristics of
VM and Value Engineering (VE) studies (Hayles and Simister, 2000; RICS, 2017).
Within early VE studies, often referred to as following a hard systems thinking approach
(Green, 1994), Function Analysis (FA) was a critical component of any study. However,
under the soft-systems VM process, covered in the previous section, which focuses

30

Chapter 2 – Design quality & value in construction projects
largely on understanding client values and determining project requirements FA is
considered a part of the toolkit, but not a critical one (Spaulding et al., 2005).

A commonly applied function analysis method in VM studies and workshops is the
Function Analysis Systems Technique (FAST) (Hayles and Simister, 2000). The FAST
diagrams were developed as a hard-systems methodology, which aimed to represent
graphically the functions (i.e. an abstract concept to represent what a product does) of a
product or a process. This is done, through how/why questions, also known as meansends links, which serve to address increasingly abstract functions, up to the level of
project requirements (Figure 2.2.). The representation of functions is done in a
hierarchical manner from left to right, where links towards the right indicate how higherlevel functions are achieved. FAST diagrams, in VM, are primarily used as an idea
generation tool, conducted as part of broader value studies, where functions are
brainstormed during the study from the client or in the case of more technical FAST from
the design team, to generate various design ideas. Another application of FAST, is making
functional requirements explicit in the brief, which later informs the work of the design
team (Hayles and Simister, 2000).

FAST diagrams, depending on their purpose can be of different types. For instance, FAST
can be used to clarify the broad project requirements from a broad mission, which would
refer to a strategical FAST. The method can also be used to clarify how a built
environment project (building, urban development…), supports a client or user in their
activities. Finally, technical FAST serve to bridge explore how project objectives, both
primary and secondary, can be dealt with various technical interventions (Kelly et al.,
2014).
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Figure 2.2. Example of client oriented FAST. Adopted from Kelly et al. (2014)

Another VM method, used in combination with FAST diagrams is SMART (Green,
1994). The tool, as previously described in the MCDM, enables to subjectively assess
various options and alternatives. SMART, as applied in this context, enables the scoring
of factors included in FAST diagrams, which can reveal the priorities and relative values
of different project objectives. Some challenges arising from the use of SMART refer to
the subjective weighting of attributes and the simple multiplication process, which often
leads to distorted priorities. In order to address the issue, a sensitivity analysis of the
values can be performed, to explore how or if the overall ranking of factors is affected
(Yu et al., 2005). Furthermore, other FA applications, such as elemental function analysis
or function space diagramming have been developed in the context of construction
projects, which are summarised in table 2.3.:
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Table 2.3. Summary of FA techniques within construction VM/VE.
FA
Techniques
Function
Analysis
System
Technique
(FAST)

Description

Simple Multi
Attribute
Rating
Technique
(SMART)

MCDM technique
for multi criteria
ranking and
decision-making.
Enables weighting
and ranking
functions.

Function
Space
Diagramming

Map functions to
activities
undertaken by
building future
building user.

Determine spatial
requirements (size) for the
building projects, and
broadly define their logical
organisation.

Elemental
Function
Analysis

At a detailed
design stage,
determines
elements with high
costs for VE.

The aim is to reduce costs,
associated with various
elements in the building,
without a substantial loss of
function.

Graphic
hierarchical
representations of
functions (what
product/services
do), linked through
how/why
questions. Idea
generation and
requirement
specification.

Purpose for which FA is
applied
Can be applied for different
purposes:
Strategic FAST –
Strategic requirements
Client (objectives)
FAST – Project
objectives for the client
Technical FAST –
Seeking design
solutions and
alternatives to solve
requirements
Critical Path Functions
– Identify logical
functions to be met.
Can enhance FAST by
supporting decision-making
through:
Identifying Priorities
Evaluating alternatives

Steps for application
1) Identification of functions
(brainstorm)
2) Sorting of Functions
3) Diagramming Functions
(means-ends relationships)

From a FAST diagram:
Attribute weights to each
hierarchical level. (summation
of values at each level equals
1)
Multiply values across levels to
obtain overall weights.
(optional) Use weights and
subjective evaluation to rate
options.
1) Determine building users
2) Map activities and develop a
flowchart (e.g. customer/ user
journey)
3) Specify Requirements for each
activity
4) Adjacency Matrix – Map
which spaces should be in
proximity (adjacent)
5) Rationalise and prepare broad
space requirements
1) Identify cost dominant
elements
2) List functions of selected
elements
3) Select functions for project
context
4) Brainstorming of alternative
solutions
5) Evaluation and development

In construction the application of FA approaches, has not been without its difficulties,
which have resulted in VM often neglecting FA (Spaulding et al., 2005). For instance, in
Australian construction industry, the main issues that hindered the application of FA
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referred to the lack of knowledge and clear guidelines on the application of FA and the
lack of experienced facilitators. However, they also suggest that another possible
underlying issue for which FA is not adapted in construction industry refers to the
tailored, context dependent, and often complex nature of construction projects, which
might not justify the investment required to effectively apply VM and FA (Spaulding et
al., 2005). In other countries, such as South Africa (Bowen et al., 2009), China (Liu and
Shen, 2005), or the US (Palmer et al., 1996), awareness and application of VM processes,
in particular those soft VM processes, were highlighted as low.

2.5. Summary of the chapter
The review commenced with a number of approaches used in design management
research to inform and support decision-making at the design stages, and to inform and
evaluate design performance and quality. The reviewed approaches recognise the
complex and contextual nature of decision-making in design and AEC projects. For
instance, MCA and MCDM methods indicate the need to structure these problems, which
varies across clients and projects, to ensure the performance being evaluated matches
those factors considered of high importance. Applications of VM in construction, in a
similar manner, emphasise the importance of defining and agreeing upon
factors/dimensions that add valuable for given clients, and in more recent value
management methods such as ValID, this process is recommended to be expanded to
other project stakeholders beyond clients, such as end users or the affected community.
Furthermore, to make this actionable, the use of function analysis (FA) is suggested, as
FA techniques enable to systematically breaking down abstract values and project
objectives into concrete functions that can be achieved through various design solutions.
While, these methods are valuable, the reviewed methods for ranking and assessment of
alternatives are dependent on stakeholder opinions, therefore, susceptible to bias. All in
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all, in design quality and value, few objective metrics are used to assess the effectiveness
of design options, beyond cost computations in VE studies.
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Chapter 3 - Learning space design in Higher Education
3.1. Chapter introduction
In the second part of the review, the focus tapers to the theoretical underpinnings behind
learning spaces within the HE sectors, in particular, the work undertaken around design
and evaluation processes. As shown in the introduction, a number of technological and
pedagogic changes have largely shaped the university campus. The chapter explores both
developments in research, as well as sector-oriented space design and evaluation
guidelines and initiatives published in the last 20 years. Furthermore, the review serves
to highlight a number of shortcomings and challenges around current practice. In
response, largely to the prevalence of learner-centred pedagogic approaches, HEIs have
embarked in the development of spaces for self-direct learning, also known as “informal
learning spaces” (ILS). However, research in relation to the theoretical underpinnings
behind these developments remains relatively limited to the academic librarian
perspective. Thus, to develop a better understanding of the practical context, a review of
published ILS is also conducted. Findings from this review will be further explored in
later chapters through the empirical work of the thesis.

3.2. Major developments in HE learning spaces
In recent years, within the UK, capital investments have transformed the university
campus and its spaces with capital investments, including retrofits and development of
new facilities, that have reached a total of 3.5 billion GBP in 2017-18 (AUDE, 2019). A
number of drivers can be identified, which explain the increasing interest on HE learning
space design. A commonly mentioned driver refers to recent developments in Information
and Communication Technologies (ICT), in particular in relation to the use of
technologies, which provide a higher level of flexibility for students to learn ‘anywhere’
and ‘anytime’ (Oblinger, 2006; Beckers et al., 2015). As an example, the increase
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ownership from students of devices, has led to a range of new affordances for teaching
and learning in HE, with many universities developing “Bring Your Own Device
(BYOD)” policies (Siani, 2017). In another note, the increasing prevalence of information
in a digital format, has enabled academic libraries to reduce dedicated space for the
storage of learning resources. As a result, libraries have undergone space and service
transformations, resulting in the development of a wide range of learning spaces and
integrating multiple student services in them (Schader, 2008, Beagle 1999; 2011).

Furthermore, HEI have emphasised socio-constructivist and student-centred approaches
to learning and teaching, which emphasise the social construction of knowledge (Beckers
et al., 2015). This model of education characterised by an emphasis on promoting
student’s creativity and critical-thinking, heterogeneous cohorts of students, knowledge
co-creation or the implementation of a problem-based and multi-faceted curriculum
(Lelan and Kasten, 2002). These principles, often comprised within the umbrella of
student-centred approaches, are increasingly embedded in HEIs learning and teaching
strategies (O’Neill and McMahon, 2005). Student-centred learning processes and
practices are underpinned by socio-constructivist pedagogic theories, such as experiential
learning (Kolb and Kolb, 2005), flexible learning (Taylor, 2000), or self-directed learning
(O’Neill and McMahon, 2005). Student-centredness can be referred to as the practice
where ‘students might not only choose what to study, but how and why that topic might
be an interesting one to study’ (O’Neill and McMahon, 2005 p.28).

Another driver for change, featured frequently in HEI’s learning and teaching strategies,
refers to the emphasis on the acquisition of not only discipline-related skills, but a set of
life and work skills, often referred to as graduate attributes (Bowden et al., 2000; Barrie,
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2006; Hill et al., 2016). Graduate attributes can be defined as ‘the qualities, skills and
understandings a university community agrees its students would desirably develop
during their time at the institution and, consequently, shape the contribution they are
able to make to their profession and as a citizen’ (Bowden et al. 2000). These attributes
vary across HEIs, however, they often contain a variety of skills and processes closely
linked with socio-constructivist learning principles; such as critical reasoning, ability to
work as part of a team, or a variety of interpersonal and communication skills.

Another driver for the investment in campus developments at UK HEIs, refers to ‘the
student experience’, a holistic term that encompasses all the interactions that student has
with the HE. In the UK, some factors that justify the emphasis of university management
on ‘the student experience’, refer to the prevalence of the National Student Survey (NSS),
introduced back in 2005 (NSS, 2020) and, to a lesser extent, other surveys such as the
“Times Higher Education’s (THE) Student Experience survey” (Times Higher Education,
2018). Furthermore, important policy changes are also commonly mentioned, in
particular, the tuition fee regime established in 2012, and later the removal of the cap on
undergraduate student recruitment in 2014 (Temple et al., 2014). The student experience
term, while common in the vocabulary and processes of HEIs, lacks a clear definition.
This can be attributed to the different contexts (e.g. student cohorts with different needs,
academic disciplines, region, campus location etc.) in which HEIs operate (Benckendorff
et al., 2009). Temple and colleagues (2014) in their research about the student experience
in English HE provided a conceptualisation of the student experience as the ‘student
journey’. In their view, student experience is a holistic concept that encompasses all the
interactions of the student with the HE. These encompass four stages of; ‘getting in’
(Application experience), ‘being there’ (Academic and Campus experience), and ‘moving
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on’ (Graduate experience). The study revealed that capital investments on campus
facilities, in particular promoting a higher social interaction were, to a large extent, driven
by the aim of improving the campus experience component. These has resulted on efforts
to improve the ‘outside classroom’ experience, by converting underused spaces and areas
(i.e. refectory, library…) into flexible study and social spaces. In regard to the capital
investments and the overall drivers for them, they indicate that “University managements
seem to be paying more attention to their universities as physical entities, with the
realization at all our case-study universities that the look and feel of the place affect both
recruitment and development of a coherent university community, with benefits for
student learning” (Temple et al. 2014, p.41). The connection between the provision and
quality of facilities and student recruitment, behind course availability and teaching
reputation, have been previously suggested in research. Price et al. (2002) indicated that
for some HEIs, classified as “facilities-differentiated”, campus and facilities
developments emerged as an important unique selling proposition for student recruitment.
Furthermore, more recent studies have also highlighted the importance of facility and
campus services and conditions, in relation to student’s expectations and satisfaction with
facilities (Vidalakis et al., 2014).

3.3. Design of learning spaces in HE
With the change of century, the design learning and teaching spaces in HE has gained an
increasing interest from the research community and professional services in a number of
countries, in particular the UK, Australia and the USA (Jamieson et al. 2000; ScottWebber, 2004; Fisher, 2005; JISC, 2006; Oblinger, 2006; Radcliffe et al., 2008;
Pearshouse et al., 2009; Boys, 2011; Lee and Tan, 2011; Marmot, 2012; Boddington and
Boys, 2011; UCISA, 2016; HEDQF, 2019). The issue has been highlighted by Temple
(2008), which indicates that most space research in HE spaces has concerned with space
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utilisation and financial effectiveness, rather than around its effectiveness in relation to
supporting core institutional activities of learning, teaching and research. These issues, in
particular, the lack of theoretical underpinnings and frameworks to understand how the
design of HE spaces could influence learning are shared by fellow researchers. For
example, highlighting the need to develop spaces informed by pedagogic principles,
Jamieson (2003), indicated the need of a higher involvement of academic developers,
who often are focused solely on curriculum development and pedagogic practices, into
the design and management of spaces. The suggested involvement is twofold; first, in the
early identification of pedagogic objectives, which are often overlooked within the
process in favour of cost, time, scheduling or other similar issues. Second, the
involvement in the management and improvement processes, where users adapt and
reconfigure spaces to suit their needs, by supporting academics and students in adopting
new approaches to use these spaces.

Boys (2011) focusing primarily on existing design processes indicates a number of issues
regarding HE spaces. For instance, in reference to the link to pedagogic matters, she
highlights the prevalence of a debate around informal/formal learning, which has
dominated recent design discourse. In which, informal is associated with new spaces,
which favour student-centred practices, and formal is associated to teachers-centred
learning approaches and more traditional spaces, like lecture theatres. However, in many
cases, these connotations remain shaped by assumptions rather than being underpinned
by established educational theories. In terms of architectural design, Boys (2011, p.3)
indicates that the issue occurs ‘when ‘formal’ and ‘informal’ modes of learning are
simplistically translated into spatial design metaphors, rather than related through
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specific, situated and teaching practice’. Figure 3.1. highlights the issues of a simple
binary model of informal/formal, which implies either one or the other.

FORMAL
Learning
Passive
One-way
One-to-many
Individualist
Serious
Dull

INFORMAL
Learning
Active
Multi-directional
Many-to-many
Social
Playful
Fun

Design Attributes – ILS
(Associative static model)
Hub (Spaces)
Cluster (Spatial Layouts)
Pod (Spatial Layouts)
Sofa (Furniture/Technology)
Beanbag (Furniture/Technology)
Colour, Landmarks (Attributes)

Figure 3.1. Formal/Informal binary comparison model and design attributes of ILS (Boys, 2011)

The issue of metaphors in design processes, as recent spatial developments respond to the
student-centred learning model, refer mostly to the informal side of learning (Figure 3.1.).
Based on the review of a number of newly built spaces, Boys (2011) reveals the existence
of an underlying associative model, which simplifies informal learning ideas into built
types, spatial layouts or other concrete objects (e.g. furniture…). Examples of this,
include ‘atriums’, ‘hubs’, ‘street’, ‘learning café’… Therefore, concluding that the
translation of learning ideas into physical form solutions is achieved through the
application of associative metaphors. While these can prove useful during the design
process in bridging communication and language barriers between stakeholders
(Jamieson, 2008; UCISA, 2016), they comprise three fundamental issues; (1) they might
prevent acknowledging differences across contexts (i.e. across HEIs, disciplines or use
contexts), (2) there is a further need to understand what actually matters about the space
for the social and spatial practices that want to be promoted, and (3) there is a need to
evaluate their effectiveness, particularly in regard to the learning processes taking place
(Boys, 2011). This lack of conceptualisation and theoretical underpinning, in particular
behind the design of the new types of informal spaces being developed is also highlighted
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by research conducted from library services perspective (Walton and Matthews, 2019;
Johnson and Khoo, 2018).

On another note, in regard to evaluation practices, Bligh and Pearshouse (2011), indicate
the dominance of ‘space management’ metrics, which lack a strong explanatory power,
yet have through availability can privilege or limit a set of chosen learning, teaching or
working practices. This view, where design decisions have the power to largely impose
and condition practices, is rooted in Lefebvre’s production of space work (Boys, 2011).
The model proposed, underpinned by Lefebvre’s triad (1991), indicates that the space,
including learning environment, is formed by three intertwined beliefs:

•

The designed learning environment (and underpinnings behind these decisions) –
As viewed and interpret by those undertaking design decisions.

•

The practices taking place in the space (social and spatial) – As observed and
taking place via user interactions with the environment and between themselves.

•

The users’ – e.g. student, staff or external community members - experience in
these spaces, and the effects of these experience on learning practices and space
use.

Therefore, it is important to acknowledge and make explicit the ideas and concepts that
underpin design decisions, including those rooted or derived from widely used evaluation
metrics. A disproportionate focus on efficiency, or different measures like satisfaction,
can result in the lack of congruence between intention/aim of the designed environments,
and the experience of users (students and staff). A good starting point to attain this
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congruence is to reflect and clarify what underpins decision making, in particular in terms
of the spatial and learning practices that the space is being designed for in the first place.

3.3.1. Overview of recent industry research and guidelines for learning spaces
Beyond the increased interest from academic research, the last two decades, HE learning
space design and evaluation has also received an increased attention from disciplines not
traditionally involved in spatial design or space management. As a result, in the US, the
UK and Australia, a number of initiatives and research reports have been commissioned,
which show an increased interest from learning technologists and academic developers
(Oblinger, 2006; Temple, 2008; Radcliffe et al., 2008; Pearshouse et al., 2009). This
increased attention can be attributed to developments in ICT and the prevalence of socioconstructivist views of learning, including an increasing interest on promoting learning
and teaching practices around active, problem-solving, student-centred or collaborative
learning. As a result, a significant body of work around learning space design and
evaluation has been commissioned by traditional estate associations (AUDE), ICT and
learning technologist’s associations (UCISA, JISC or EDUCAUSE) and educational
founding councils (HEFCE, SFC or the ALTC). The findings resulting from these are
summarised in Table 3.1.

Table 3.1. Review of recent learning space evaluation and design initiatives and reports related to HE
Study and
Reference
In Sync:
Environmental
behaviour
research and the
design of
learning spaces Scott-Webber
(2004)

Summary of guideline and findings on HE learning space design and evaluation studies
Publication commissioned and supported by the US-based Society for College and
University Planning (SCUP). Based on a review of environment-behaviour research, ScottWebber (2004) a set of archetypal spatial designs and principles to design environments
suitable to support a range of behaviours, for knowledge-sharing activities in adult learning
environments (both targeting corporate and academic spaces). Beckers et al. (2015) offer an
adaptation of these archetypes of spaces specific to university environments, drawing also
from findings from theories of pedagogy and learning.
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Linking
pedagogy and
Space – Fisher
(2005)

Learning spaces
- (Oblinger,
2006)

Designing
Learning Spaces
for Effective
Learning - JISC
(2006)

Guide to Post
Occupancy
Evaluation –
HEFCE (2006)

Learning Spaces
in HE Radcliffe et al.
(2008)

A study of
effective
evaluation
models and
practices for
tech-supported
physical
learning spaces Pearshouse et al.
(2009)
Retrofitting
university
learning spaces

Commissioned by the Department of Education and Training (Victoria, Australia), presents
a connection between pedagogical principles and approaches, and the implications for the
built environment designs to support activities and processes that can enable them. Thus, the
framework presented links pedagogies, to spatial design, through activities/processes and
behavioural premises. A range of learning space typologies, from those concerning formal to
informal learning processes, are discussed utilising the theoretical framework above.
Furthermore, utilising an activity/cluster diagramming provides a tool for planning and
organising schools. Finally, a set of case-studies of recent school designs are presented.
Compendium of articles and research, sponsored by EDUCAUSE, a US based association
for HE ICT services and learning technologists. The compendium includes approaches to
learning space design, evaluation and management. The publication includes approaches on
how the effectiveness of existing and developed HE spaces can be assessed, through
understanding interactions between the physical spaces, the students’ outcomes, and
pedagogic practices. The assessment presented acknowledges the complexity of interrelating
those three variables by proposing a multifactor/multi-method framework: combining
quantitative surveys, benchmarked against a university wide engagement survey, focus
groups and periodical observations via photographic evidence. Furthermore, the publication
encompasses a variety of HE facilities and space case-studies, both for formal and informal
learning processes.
The JISC report provides an overview of principles that makes learning spaces effective.
The report is placed under the increased influence of learning technologies, and the
implications on learning spaces. Furthermore, a set of cases and typologies of space
(depending largely on the purpose) are presented in the report. The aspirational design
principles discussed are the following are.
Flexible: Capable to accommodate current and future pedagogies
Future-Proofed: Enable re-location and re-configuration of spaces
Bold: Look beyond traditional pedagogies and technologies
Creative: Energise and inspire teachers and learners
Supportive: Develop potential of all learners
Enterprising: Spaces that are capable to support various uses/purposes
It offers a comprehensive “pick and mix” type toolkit of methods, from traditional POE
methods such as, observations, questionnaires, focus groups and walkthroughs. It provides a
discussion on the relevance and suitability of the methods for assessing multiple aspects of
delivery process, functional performance and technical performance. Furthermore, the
toolkit also provides a comprehensive step by step process for conducting POE, including
suggested timelines to undertake evaluations based on purpose. The guideline has been
adapted for Scottish HEIs (SFC, 2007).
After 10 years of use, the model was perceived as a complex toolkit that failed to adapt to
the context of each institution. The model fell short in achieving a widespread adoption
across the sector (Riley et al., 2015).
The researchers propose a model to facilitate the design, evaluation and operation of
learning spaces by emphasising the relationships between pedagogic practices, space and
technology (PST), through the use of guiding questions for design and in-use studies. The
developed model highlights the interconnectedness across the three factors and indicates the
need for an integrated design and delivery processes that considers all three from early
conception and briefing. The compendium encompasses a wide variety of case-studies,
showcasing different methods and techniques for evaluation.
The JISC commissioned report explored the evaluation approaches followed at HEIs in the
UK. The study revealed the predominance of questionnaires and focus groups as evaluation
approaches, undertaken mostly as one-off processes. Furthermore, only a small sample of
the institutions shared evaluation results through reports or papers, where most sharing
occurred informally through visits to fellow universities.
Their proposed model is based on the “theory of change”, where they argue, every project is
developed with the expectation of having an impact/change on the current processes.
Therefore, they argue for learning space evaluations, to revolve around the activities that
want to be promoted or process changes that are to be facilitated.
A study commissioned by the ALTC, focused on the retrofit of existing HE spaces. In the
study, a set of design principles, based on research and stakeholder consultation are
presented. The starting point is a set of ten learning principles, which are then transformed
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– Mitchell et al.
(2010)

Learning
Landscapes in
HE - Neary et
al. (2010)

A
comprehensive
learning space
evaluation
model - Lee and
Tan (2011)

Spaces for
Knowledge
Generation –
Souter et al.
(2011)

into considerations to be undertaken in relation to spatial design. Furthermore, a set of
general building performance building design principles together with a set of principles
from learning technology design, served to develop the overall proposed principles for
retrofits. Furthermore, a set of case-studies, testing the principles are included in the report.
As a result, 8 principles are presented, which are encompassed around, empowerment,
engagement, ease of use and confidence.
Principle 1: Spaces should support a range of learners and learning activities
Principle 2: Spaces should provide a quality experience for users
Principle 3: Spaces should foster a sense of emotional and cultural safety
Principle 4: Spaces should enable easy access by everyone.
Principle 5: Spaces should emphasise simplicity of design
Principle 6: Spaces should integrate seamlessly with other physical and virtual
spaces.
Principle 7: Space should be fit-for-purpose, now and into the future
Principle 8: Spaces should embed a range of appropriate, reliable and effective
technologies.
Commissioned by HEFCE, HEFCW and SFC. In the research they map the campus
infrastructure and developments, onto their vision, and learning, teaching and research
processes at HEIs. The research involved the study of 12 cases, including review of their
strategies, site visits, and interviews with key stakeholders. As a result, a number of tools are
presented to illuminate campus planning:
Campus Mapping Profiles: Campus level tool, that enables to map vision and mission to
the current campus, highlighting potential areas of intervention. These includes
mapping campus against a series of criteria, included under expression (i.e. Identity and
branding, and condition and maintenance), efficiency (i.e. Circulation and permeability,
and flexibility) and effectiveness (i.e. wayfinding, effective use and security).
Teaching with Space in mind: Provides tools where learning spaces should be informed
by pedagogic principles, rather than estates led. Provides language to develop
educational briefs.
Pragmatics of space: A tool to provide insights on space planners and estate mangers
concerns. Importance of estate metrics to be related to activities and processes relevant
to learning and teaching.
Talking our Futures into being: Concern with client roles and responsibilities.
The Idea of the University: Provide a shared vocabulary to articulate the future
development of the University, to inform the design of the built environment.
The study commissioned by the Australian Learning and Teaching Council showcased a
number of challenges faced by evaluations of learning spaces, such as:
Lack of resources for comprehensive evaluation, conducted by individuals as extra
workload.
A market pressure which seeks successful projects and claims of positive contributions.
Spaces are presented positively and de-contextualised, offering few opportunities for
learning.
Limited understanding of the purpose of evaluation, especially in its role as a design
tool in the form of design inputs is underappreciated.
Limiting assumptions about potential for design inputs from the stakeholders that are
closer to the usage of facilities.
The complex nature of evaluations themselves, which require flexibility to adapt to
different constrains and needs faced by institutions.
Industry report commissioned by the Australian Learning and Teaching Council, which
explores student perspectives and preferences around learning and teaching spaces,
including the use and interaction with technologies. As a result, a set of seven space design
principles for supporting learning and knowledge generation, as follows:
Comfort: Suitable heating and cooling, acoustics, lighting and ergonomics of furniture.
Aesthetics: Refers to spaces that incorporate the other principles – A ‘knowledge
generation aesthetic’
Flow: Modular and easily reconfigurable equipment and furniture, sufficient space for
movement.
Equity: Suitable for different abled students. Enable equal viewing of other students.
Blending: Include various teaching tools/technologies that enable different teaching
methods.
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-

Matching post16 estate
investment to
educational
outcomes Marmot (2012)

The UK HE
Learning Space
Toolkit UCISA (2016)

Future Learning
Spaces: Space,
Technology and
Pedagogy –
Elkington and
Bligh (2019)
Learning Space
Compass
Framework –
HEDQF (2019)

Affordances: Support a variety of student owned devices, incorporating multiple points
raised floor suggested), and afford a continuum of teaching approaches (‘chalk to
plasma continuum’)
Repurposing: Calls for adjustments on existing spaces, often low-cost adjustments serve
to achieve the above principles.
Furthermore, a process to develop student-centred learning environments is provided.
Study commissioned by the SFC to address the strategic investment on post-16 (year old)
estates. Identifies, a variety of possible educational outcomes (e.g. attendance, retention,
scores/attainment, student and staff motivation, satisfaction, behaviour…), impacts on user
experience (e.g. perceived quality of teaching and learning spaces, way-finding, control,
symbolism…), and influential attributes of buildings (e.g. temperature, ventilation,
acoustics, furniture…) addressed by previous educational research.
Furthermore, based on results, they provide a set of 10 broad questions/themes to address
when considering investments in post-16 estates. These include; (1) Alignment with the
strategy of the institution, region and country, (2) support students by promoting pride,
encouragement, heath and wellbeing, (3) attract, motivate and retain staff, (4) support
various modes of teaching, (5) contribute to short and long term educational outcomes, (6)
contribute to region and community, (7) improve efficient and sustainable use, (8) provide
flexibility, adaptability and expansion over time, (9) enable fulfilment of responsibilities as a
learning and working place (H&S, regulations, commitments), and (10) time and resource to
involve and consult users, and monitor/evaluate success.
The guideline commissioned by UCISA (Information Systems Association), SCHOMS
(Media Services) and AUDE Provides a set of guidelines and covers the design and
management of learning spaces from the perspective of various relevant professional service
groups. The toolkit builds upon some of the studies above, and provides guidelines,
principles and recommendations, in a plain language, to be applied at different stages of the
project lifecycle. These include preparation and briefing, design recommendation (including
learning technologies and ICT considerations), evaluation, and change management (early
occupancy). The project addresses various issues, such as selection of relevant stakeholders,
key design considerations (technologies and building attributes), tools for briefing and
participatory design (i.e. learning canvas) and builds upon aa set of cases and experiences,
primarily from various HEI in the UK.
The report commissioned by Advance HE (AHE), offers a compendium of case-studies
across various UK HEIs. In the report, the issue of multiple stakeholder perspectives and
communication is raised, including the different perspectives on, success, effectiveness, lack
of understanding of the importance of context, or the ability to integrate multiple
stakeholder’s theories. As a response the authors seek a shared vocabulary and
understanding across stakeholders.
Report commissioned by the HEDQF. The toolkit, under development and being applied at
case-studies, aims to map pedagogical and learning aspects, to spatial settings. Furthermore,
the tools being developed aim to provide an understanding and shared vocabulary between
the stakeholders involved in learning space planning. The objective is aiding promoting the
integration of pedagogic matters and learning outcomes, into design, management, and
valuation processes of learning spaces.

These recent initiatives, through guidelines, principles, and the development of briefing,
collaboration and evaluation tools, aim for design processes and evaluation processes to
integrate pedagogical matters, such as learning outcomes (i.e. student engagement,
student experience, results…), learning and teaching processes or student behaviours into
the space design process. Furthermore, a large proportion, also involved the consideration
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of designing and implementing learning technologies to be integrated in this process from
the inception. Furthermore, some of the reports, call for a more extensive stakeholder
involvement in the process. Moreover, the reports above, highlight the complex nature of
the relation between individuals, their performance and the multiple factors conforming
the environment, including organisational, social, physical and virtual spaces (Hunley
and Schaller, 2006; Radcliffe et al., 2008; Temple, 2008; Bligh and Pearshouse, 2011;
Lee and Tan, 2011). These findings, to a large extent, align with studies based on other
context of use such as, offices (Vischer, 2008; Alexander et al., 2013), healthcare (Watson
et al., 2016) or even domestic retrofit (Chiu et al., 2014; Lowe et al., 2017). The complex
nature of the relationship between learning spaces and users is acknowledged within the
emphasis on considering the multiple interrelations between space, technology, and the
resulting pedagogic processes (Beckers et al., 2015).

3.4. Learning space evaluation in HE
In HE, alternative evaluations have arisen in recent years showcasing concerns of
stakeholders beyond university estates and executive boards, including academics and
ICT professionals. This revitalized interest on studying spaces has been linked to the
emergence of new pedagogic practices, moving from behaviourist towards social
constructivist ones. In spatial design, as seen above, this represents the development of
innovative spaces that challenge traditional spaces, for instance, multi-purpose
spaces (Beckers et al., 2015) or technology enabled active learning (TEAL) spaces (JISC,
2018). Unsurprisingly, organisations aiming to promote technology, a characteristic of
these ‘new’ typology of spaces, have funded the research on emergent design and a
number of case-studies with distinct approaches to evaluation; EDUCAUSE in the
US, Joint Information Systems Committee (JISC) in the UK, and the Australian Learning
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and Teaching Council (ALTC) (Oblinger, 2006; Radcliffe et al., 2008; Pearshouse et al.,
2009; Lee and Tan, 2011).

In the UK, Bligh and Pearshouse (2011), provides a taxonomy of learning space
evaluations, depending on the aim/purpose of the evaluations (Table 3.2.). In their words,
evaluation ‘tends to balance a set of core values about what is (or is believed to be)
important about the space under evaluation against a set of more pragmatic constraints,
often related to institutional context’. Based on their previous sector-wide survey,
Pearshouse and colleagues (2009) indicated that the current two most prevalent models
in UK’s HE sector refer to the demand, with its integrated space metrics reported to HESA
(SMG, 2006, AUDE, 2019), and the satisfaction model, which aims to address success
based on measures of user-satisfaction with facilities or by addressing experiences about
what students like/dislike through interviews and focus groups. Watson and colleagues
(2016) further support these findings, where they indicate a dominance of outcome
metrics (student results, satisfaction…), over the study of the impact on processes, within
existing methods to evaluate the social impacts of educational buildings. The shortcoming
of linking outcomes to estates interventions, has been emphasised by various design and
evaluation studies, where this might result in overlooking confounding factors that can
have an influence on the outcomes (Vischer, 2008; den Heijer, 2011). Another finding
commonly shared across evaluation reviews and studies (Lee and Tan, 2011; Riley et al.,
2015), it is the emphasised that “one size fit all” approaches to design or evaluation fail
to acknowledge the particularities of each institution, in which evaluations are
undertaken, as not all behave equally neither require same solutions or support services.
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Table 3.2. Typology of Learning Space Evaluations (Adapted from Bligh and Pearshouse, 2011)
Model

What

How

Advantages

Drawbacks

Example of
existing metrics
Demand- Space
Quantitative
Holistic
Poor correlation with
Space
based
metrics
metrics: Occupant Easy to benchmark.
student/staff perspectives Management
models Financial density, income Can indicate areas for
Reactive model
Group (SMG)
Outcomes per space...
investment and/or
Lack of consistent
metrics – 2006
improvement.
methodologies
AUDE estates
Limited information
metrics - 2019
Outcome Changes in QuasiEvidence-Based
Strong causal relationships Assessment
s-based Learning
Experimental
Can provide strong links are implausible, due to
Framework for
models Outcomes approaches.
of learning to specific
many complex confounding Learning
Observation of
interventions.
factors.
Spaces (2006)
outcomes such as,
Expensive and difficult to
Grades,
execute.
Engagement…
Satisfacti Satisfaction Quantitative:
Strong alignment
Privileges Student
National
on-based and
Satisfaction
with popular surveys
Experience and satisfaction Student Survey
models Experience Surveys
(e.g. NSS)
over other stakeholders
(NSS)
(Subtype
Qualitative: Experi Inexpensive, comparing Confounding factors of
of
ences in space (FG with quasi-experimental satisfaction
Outcome
and Interview)
approach (Evidence
Challenging for users to
s model)
Based)
“voice” spatial
experiences
Scenario- Examines Based on
Explicitly links and
Involves judgements about Theory of
based
how space design assumption examines design decisions the activities that will be
Change model
models enables
s off activities/uses to spatial practices.
supported by the spaces.
(Pearshouse et
specific
.
Aims to ensure spaces are Therefore, its quality
al., 2009)
activities
Evaluates if the
used innovatively
depends on what is
space supports
informing these
them.
judgements. Is there a
strong evidence to support
assumptions?
Activity- Evaluates Ethnography and No “a priori”
Time consuming
Ethnomethodolo
Support activities
observation:
assumptions
Contextual
gy (Boys et al.,
based
undertaken Mapping activities Grounds findings on
Not naturally coupled to
2014)
models in practice and affordances research
design practice
Compares findings against Time consuming
assumptions
“Localised” knowledge
Rigorous & “research- Challenge in transferring
like”
to other contexts
Spatial Examine
Survey on user
“Ecology perspective”
Fails to capture insights of Campus
Ecology- configuratio needs and how
Inter-relations between
more intensive approaches, mapping tool
based
ns between different spaces different spaces on
such as the activities and (Neary et al.,
models spaces
connect on the
campus are studied
uses that the spaces are put 2010)
campus to fulfil Campus as unit of study into.
Spatial Function
these needs
Holistic view of campus
diagramming
as an ecology
(Fisher 2005)
Space Syntax
(Hillier, 2007;
Greene and
Penn, 1997)
Image
How spaces Not clearly
Potential to observe how Can result
Architectural
Brand
contribute standardised
HEI’s strategy is
counterproductive of
(RIBA awards)
based
to
methods to assess embodied in campus
learning and teaching
or industry
models institutional it.
developments.
matters.
awards (Expert
brand – As
Evaluating added prestige,
panel selection)
projected to Surveys
might offset the risk
Could result in neglecting
averse attitudes, resulting maintenance, which can
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different
Architectural
stakeholders prizes

in development of
“genuinely innovative”
spaces.
Potential link to student
recruitment (Price et al.,
2003)

have a higher impact on
student’s attainment
(Vidalakis et al., 2014)

Furthermore, to evaluations HE learning spaces a number of methods have been deployed
and used, with many of them based or derived from methods traditionally used in POE
(HEFCE, 2006). POE has commonly served as the umbrella term to group evaluations of
buildings in-use, which included occupant’s perspectives. The origins of POE in the 60s
have been strongly linked to environmental psychology and environment-behaviour
research, primarily used in care facilities, such as mental hospitals, in which the effects
of the environment on patients’ mental states were of utmost concern (Preiser, 1995). In
the UK the major driver of POE has been the Royal Institute of British Architects (RIBA),
which introduced the feedback project stage in its first handbook back in 1965. However,
following the lack of acceptance by the architecture community, the feedback stage was
removed from following handbooks until 1991 where the concept was reintroduced
(Cooper 2001; Hadjri & Crozier 2009). Aligned in a similar direction the influential Egan
Report “Rethinking Construction” further emphasized the need to understand user needs
within the construction industry. However, during late 90s and early 00s, CIBSE and the
UK Department of Environment aimed to promote and standardise the POE process,
through the funding of the Post Occupancy Review of Building Engineering (PROBE)
studies over a set of 16 recently finished commercial buildings (Cohen et al. 2001;
Bordass & Leaman 2005). As a result, POE moved towards emphasising energy
performance and occupant satisfaction spearheaded by the PROBE studies and the
widespread use of satisfaction surveys such as the Building in Use Survey (BUS)
(Leaman and Bordass, 2001). Hadjiri and Crozier (2009, p.23) have defined POE as ‘a
process that involves a rigorous approach to the assessment of both the technological
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and anthropological elements of a building in-use’, highlighting use of buildings and
grouping both the technical and social aspects that directly impact users. Building
evaluations can be conducted at different stages of the lifecycle, depending on what is the
purpose of the process – i.e. retrofitting existing facilities, selecting amidst potential
facilities, inform briefing, or knowledge generation (Kernohan et al., 1992).

The complex system involving building users and their interactions with building systems
and operation management, and vice versa is reflected on multiple techniques and
methods available for conducting POE. As stated by Turpin-Brooks and Viccars (2006),
there were up to 150 techniques available worldwide and 50 available just within the UK,
ever since it is likely that this number has significantly increased with the progression in
ICT and smart instrumentation. The systematic review conducted by Meir et al. (2009)
of 60 previous building performance studies provide insights on the mainstream
techniques used for conducting POE. Their analysis identified the building types studied,
scope, what was being measured and finally, the methods used for the evaluation. When
it comes to the methodologies, in 26 of the studies the POE involved the monitoring and
measurements of physical parameters. These measurements were used to calculate
different parameters to determine aspects such as thermal comfort, indoor air quality or
energy performance. When it comes to user perceptions, occupant surveys and
questionnaires are the more common approach in 25 of the studies. In 11 of the studies
the methodology involved a combination of hard (physical measurements) and soft
(questionnaires and interviews) data collection methods. At a lesser extent other
qualitative approaches, such as interviews and walkthroughs, were used in 11 studies
respectively. Finally, other alternative methods, like GIS monitoring, simulation and task
analysis were used in 5 of the studies (Meir et al., 2009). Thus, a large proportion of POE
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studies, focus on technical parameters and the measurement of impacts on users, in
particular occupant satisfaction. This is further supported by later studies of user-centred
evaluations, were user outcomes remain the predominant measure in most domains,
including educational facilities (Watson et al., 2016).

Beyond these approaches, a number of these approaches are rooted in traditional issues
explored in relation to the performance of buildings, such as design quality, functional
performance, technical performance, or the process and project performance. A few of
these approaches, are rooted in principles from other measurement tools, such as quality
management, performance measurement (Amaratunga and Baldry, 2003; Riley, 2013), or
based on expert rating, similar to those found in environmental performance rating tools
(Brown et al., 2017). In table 3.3, an overview of POE methods applied in the HE sector
is provided.

52

Table 3.3. Overview of existing evaluation approaches in HE. Adapted from Riley (2013) and Navarro et al. (2020)
Evaluation
Approaches

Data Collection Methods

What they
Measure/Evaluate?

Strengths of the Method

Shortcomings

Stage RIBA
PoW

Reference

Occupant
Satisfaction
Surveys:
E.g. Building in
Use Survey (BUS)
or the Overall
Liking Score
Design Quality
Indicators (DQI)

Survey Questionnaires
(commonly involving around
40-50 questions)

Occupant satisfaction with
different features, and
functional and technical aspects
of the building. It also appraises
users’ perceived productivity.

Relatively easy and quick usage
of a pre-defined questionnaire.
Possible to benchmark with other
cases. Benchmarking enables
summative inferences, and often
enables diagnosis of important
issues.
Relatively easy and quick usage
of a pre-defined questionnaire.
Possible to benchmark with other
cases. Enables for summative and
comparative inferences.
Can serve as the basis to further
discussion.

Mostly a diagnostic tool.
Focus on identifying issues,
not necessarily on providing
or exploring alternative
solution.

Stage 7: In use

Leaman and
Bordass
(2001);
HEFCE
(2006)

A tool to assess the perceived
quality of a design/built
solution from the perspective
of different stakeholders. Predefined questions, not context
sensitive. Fails to focus on
exploring on providing or
alternative solutions.

Stage 1 & 2:
Project brief and
Concept Design

HEFCE
(2006);
Gann et al.,
(2003)

Can be complemented by focus
groups and walkthroughs.
Questionnaire survey

53

Satisfaction with and perceived
quality of the built solution on
three dimensions Aesthetics,
Functionality and Impact. It
helps in determining
importance of these dimensions
for each project.

Stage 7: In use

Post-occupancy
Review of
Buildings and
their Engineering
(PROBE)

BUS questionnaire, combined
with walkthrough and Energy
Performance Assessment

Occupant Satisfaction and
Perceived Productivity
Building Systems Performance
Assessment (Energy
Performance)

Well defined process (BUS +
Energy assessment). Possible to
benchmark with other cases. A
good tool to fine-tune (energy and
building system's) performance of
a building. Summative tool.

Mostly a diagnostic tool.
Focus on identifying issues,
not a formative tool (i.e.
exploring and providing
solutions).

Stage 7: In use

Leaman and
Bordass
(2001)

Soft Landings

Offers a management and
collaboration framework.
Methods include workshops and
forum meetings. It can be
complemented by occupant
surveys, and
energy/environmental
performance reviews.

Focus on reviewing the project
process and increasing
collaboration among
stakeholders - Involvement of
Facility management at early
stages. And involvement of
contractor, designer during
handover and early
commissioning. Focus on

Flexible tool. Possibility to
improve communication and
collaboration within the project
team. Smoothens the handover
process and potentially reduces
costs on reworks and fine-tuning
of building systems.

Lack of clear guidance.
Requirement of strong
stakeholder engagement and
requires good Soft Landings
facilitator. Often focus on
troubleshooting/incremental
improvements on
performance.
Cost increase for

Through the
lifecycle but
primarily.
Stage 1: Project
brief

Way and
Bordass
(2005);
BSRIA (2009)

Stage 6:
Handover

building systems performance
issues.

Focus Groups, Walkthrough
and Workshops with users.
Applied in office and
educational facilities.

Assessment of building's
usability for the users and
organisation. Review of tasks
and issues found by users on the
context they occur.

Performance
Measurement:
Balance Scorecard
POE model

Focus Groups to define KPIs
and metrics across 4 broad
dimensions of performance.
Once these are defined and
depending on the selected ones,
appropriate evaluation methods
are chosen (e.g. questionnaires,
focus groups, walkthroughs…)..

Measurement aspects are to be
defined for each HEI, through
the involvement of senior level
stakeholders.

Project Documentation Review
and Expert Evaluation.
Assessed against credits
(LEED/BREAM style)

Assessment of potential
performance of a learning
space, particularly in regard to
promoting active learning
pedagogies. Includes
assessment of institutional
alignment, process review, and
the design solution, including
fixtures, systems, and
technologies.
Design Quality and Building
Performance, around 6 areas,
measured via matrices:
architecture, environmental
engineering, whole lifecycle
costing, user comfort, detailed
design and user satisfaction
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UseTool

Learning Space
Rating System

Building Research
Establishment’s –
Design Quality
Method (BREDQM)

Expert Observation and
Judgement, User Questionnaire,
and Environmental Measures

Flexible tool, which enables
context dependent findings. It
enables users to raise various
concerns.
Can provide good insights on the
alignment of user needs with the
built solution.
Flexible tool enables defining
relevant measures and success
criteria. Contextual in nature.
This can reduce the scope and
cost, an ensure the evaluated
aspects link with organisational
goals.

Pre-defined assessment toolkit,
including requirements for
credits. Possible to benchmark
scores across cases. Summative
tool.

Comprehensive review of design
quality, covering all aspects of
building systems. Offers a
summative assessment of building
performance and design quality.

commissioning architect and
builder post-occupancy
(generally this is not included
in traditional contracts)

Stage 7: In use

Lack of guidance on its
application.
Requires good facilitators.
Largely descriptive findings.

Stage 7: In use

Hansen et al.
(2011)

Requires engagement and
from senior level
stakeholders.
Requires a good facilitator, to
ensure suitable metrics are
defined.
Unique for every HEIs,
however, relevant factors
might be missing in the
selected measures.
Tool developed to assess
Active Learning Teaching
spaces. Other space types are
not necessarily covered. What
supporting evidence is
required is not clear. Relies
on expert evaluation.

Stage 0 and 1:
Strategic and
Project Brief

Riley (2013)

Complex and time-consuming
methodology, which relies on
expert judgement. Does not
focus on activities, nor
technologies.

Primarily in
Stage 7: In use

Stage 7: In Use

Stage 2:
Concept Design

Brown et al.
(2017)

Can also be
used in:
Stage 7: In use

Can be applied
in Stages 2 & 3:
Concept &
Detailed Design

Cook (2008)
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3.5. Spaces for self-directed learning: An increasingly prevalent space
Amid the learning spaces being developed, formal spaces, and in particular those oriented
towards active learning have received a high degree of attention. This has included
research around behaviours in class, perceptions, and quasi-experimental approaches, that
aimed to account for confounding factors, exploring outcomes on students (Brooks, 2011;
Brooks, 2012; Baepler et al., 2014). As a result of this research, widely recognised models
and frameworks for learning environments have been developed and consolidated, such
as Technology Enhanced Active Learning (TEAL) (Byers et al., 2014) spaces for small
cohorts, or the Student-Centred Activities for Large Enrolment for Undergraduate
Programmes (SCALE-UP) (Talbert and Mor-Avi, 2019) model for larger ones.
Furthermore, evaluation and design support toolkits addressing active learning spaces
have also been developed (Brown et al., 2017). Together with teaching and active learning
spaces, recent years have also resulted in an increase on the development of informal
learning spaces (ILS), including library spaces, learning commons, social study spaces or
learning resource centres, have also undergone substantial developments (Bryant et al.,
2009; Blummer and Kenton, 2016, Walton and Mathews, 2019).

While research on active learning has resulted in the development of evaluation toolkits
and design guidelines, informal learning spaces (ILS), developed primarily to support
self-directed learning and study have not been featured as predominantly, with the
exception of research conducted from the library services’ perspective (Walton and
Matthews, 2013; Harrop and Turpin, 2013; Ellis and Goodyear, 2016; Blummer and
Kenton, 2016). The roots of this new generation of ILS can be traced back to the concept
of the information commons, first developed within traditional university libraries during
the 90s. With the first examples being the ‘information arcade’ at Iowa University and
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the ‘information commons’ at the University of Southern California, 1992 and 1994
respectively (Somerville and Harlan, 2008). The focus of these initial commons was to
provide an integrated space for accessing information, ICT and all the support that might
be needed to effectively utilise both. These initial concepts further evolved into what later
was known as ‘learning commons’ spaces, where a higher degree of ownership and
agency is given to the students, and where the focus was not so much on student’s
accessing information, but on collaborative work and ‘creating’ knowledge (Somerville
and Harlan, 2008). Beckers et al. (2015), albeit with a reduced sample, showcase how the
share of Gross Floor Area dedicated for self-directed and informal learning has increased
over a 20-year period within Dutch universities.

Within this thesis, ILS are defined as ‘non-discipline specific spaces frequented by both
staff and students for self-directed learning activities and can be within and outside
library spaces’ (Harrop and Turpin, 2013 p.59). Within this definition a wide range of
spaces, which can enable multiple learning processes, are included. Looking at the space
continuum (figure 3.2.) the spaces considered are those that remain under the
management structure of the HEI, excluding student halls, which would be considered as
‘home’. As seen in the figure 3.2., this definition covers many of the spaces that can be
found in a present university, and a large part of the capital projects taking place in
universities. These spaces have also commonly been named ‘flexible’ spaces, peer-topeer spaces, or social spaces (Marmot, 2012; JISC, 2006). The continuum offers a
synopsis of what is included within the definition of ILS, named and categorised based
on the primary function for which spaces are being developed. It is important to recognise
that effectively these spaces complement each other, and they support diverse learning
processes. Therefore, it is important to avoid on the pitfall of falling within the previously
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shown binary representation of formal/informal, which fails to capture contextual
nuances present in each campus development and space (Boys, 2011).

Figure 3.2. Learning space continuum. Adapted from Radcliffe et al. (2008)

3.5.1. Published ILS case-study review
In order to gain an understanding of context in which ILS are developed, and around
design choices and principles underpinning them, a review of published and online casestudies has been conducted. These review features facilities and spaces primarily used for
informal learning in the context of Higher Education. The original screening accounted
for 119 published case-studies. Within this initial sample, the cases that were primarily
focused on spaces used for formal instruction (e.g. laboratories, workshops, lecture
theatres or classrooms) were excluded from the review. The final sample of 41 cases
selected for further review are presented in appendix A (table A.1). Some of the cases
included in the review include a number of formal spaces built within the facilities,
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however, they are considered to be primarily developed for self-directed study. The final
sample of cases are primarily developed by three of the associations that have actively
promoted research on higher education learning spaces, JISC and the Higher Education
Academy in the UK, EDUCAUSE in the US, and the Australian Learning and Teaching
Council. Beyond these sources, the rest of cases are featured in published articles or books
around the topic of ILS.

The reviewed cases are located in English speaking countries, mostly in Australia (10
cases), UK (18 cases) and the US (11 cases), countries where research on learning spaces
has been more predominant, with a later two cases located in both New Zealand and
Canada. These spaces have been developed over the last two decades, starting from 1999,
the Information Commons at Calgary (Beatty, 2008), into the most recent cases in 2018,
Learning Commons at Northampton university (Powis, 2019). Furthermore, within the
reviewed cases, there is a wide range of capital investment, which includes relatively
inexpensive retrofits under 50,000 USD - e.g. The Street (Randall and Wilson, 2008) or
Open3 (Walton, 2007), to multimillion new built developments - e.g. Learning Commons
at Auckland (Mountifield, 2008) or the Forum project at Exeter (Myhill, 2012).

3.5.2. Overview of Drivers and Purposes in the reviewed cases
When it comes to the drivers for the development of reviewed cases, four drivers appear
to be predominant. First, there is clear emphasis on promoting collaborative learning and
the sociality of the space. This is reflected by the emphasis of many of the cases on
fostering and building a stronger community. For instance, a clear example is Bond’s
Street project, which aimed to ‘(…) foster a sense of community across a range of
disciplines (…) and to encourage many levels of interaction – social, intellectual and
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collaborative’ (Randall and Wilson, 2008). In some cases, such as the Hawthorne project
hub (Lee, 2008) or the 1st year engineering learning centre (Steer and Howell, 2008), the
developments were linked to an unsatisfied curricular demand like the lack of suitable
space for group project work. While the focus on most of the reviewed cases is promoting
social and collaborative learning, in few cases, the emphasis is on developing spaces
entirely focused in quiet and reflective self-directed learning, such as the reading room at
Essex (JISC, 2018b) or the west commons at Georgia Tech (Stuart, 2008). In the cases
that covered the development of new buildings, the need for quiet spaces, although not a
key driver of the development, is covered within the design solution - E.g. Sheffield or
the Kate Edger Information Commons (Lewis et al., 2007; Mountifield, 2008). Finally, a
few of the cases discuss these developments in relation to the graduate attributes or
broader skills that the students are expected to develop during their time at the university.
For instance, LSE Life (JISC, 2018c) centre is developed to support self-study and the
self-development of the students, therefore, being designed close to support services and
with the possibility to undertake various activities in it. A similar example refers to the
learning GRID at Warwick university, where the emphasis is in giving students the sense
of ownership, as to develop independence and confidence (Edwards, 2007).

Another purpose, closely related to the previous two, that appears quite frequently is that
of enhancing the student experience, achieved through well equipped (in regard to
technology), modern and attractive spaces. For instance, the SALTIRE centre at Glasgow
Caledonian is an example of this, were the intention was to provide a ‘(…) noninstitutional important third-space’ and ‘a place that people want to come to’ (Howden,
2008). This idea is further supported by the concept of the ‘sticky campus’, which aims
to develop campus environments where students spend time without the need to return
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home, which is mentioned in cases where a large of the student cohort is identified as
commuters – E.g. Abertay University in Dundee (Robertson, 2018) or the Perkins library
at Duke (Lombardi and Wall, 2006).

The final driver that appears within the reviewed cases, is the recognition of the developed
facilities. particularly as to how they contributing to the university image. These is
apparent within the naming of some of the projects, which feature metaphoric names such
as, learning ‘Gateway’ or ‘Centre’ (Weaver and Holland, 2007). Furthermore, other cases
also utilise a number of metaphors, to refer to the ILS developments, such as ‘agora’
(Lombardi and Wall, 2006) or ‘forum’ (Myhill, 2012), which symbolise the importance
of these developments as gathering and central places within the campus. As an example
of this motive, the vision of the Kate Edger Information Commons aimed to ‘Provide a
highly visible, modern and unique facility which will inspire students to acquire new skills
so that they can participate more actively in the learning process’ (Mountifield, 2008).

While the integration and co-location of services is another frequent driver, this is not
necessarily a functional purpose, but rather a function (a means) that aims to facilitate an
enhance the student experience and to place these developments in the centre of the
campus. The services commonly mentioned include the support with student inquiries,
support in the use of facilities, technology support and general skill development. This
service integration is mentioned frequently in larger facilities, particularly in library
retrofits, were the metaphors of providing a ‘Single point of contact’ or the ‘one-stop
shop’ are used – E.g. Exeter Forum (Myhill, 2012) or Thurgoona’s Learning Commons
(Oakley, 2008).
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3.6. Chapter summary: Gaps and avenues for research

In HE learning space design and evaluations the review highlights a number of
shortcomings and challenges particular to this context, which has largely been shaped by
a set of policy, pedagogical, and technological changes. While Temple (2008) initially
raised the issue and highlighted the lack of theoretical underpinnings and understanding
behind learning space design and evaluation in HE, a number of reviews and perspectives
have further clarified those initial shortcomings. The following points summarise some
of the key gaps in the field:
•

Development of rigorous methods that can be used to assess the effectiveness of
physical learning environments in supporting desired teaching and learning
practices, activities and behaviours (Temple, 2008; Cleveland and Fisher, 2014).
Furthermore, it is also important to not only assess how they support or enhanced
certain learning practices, but also to explore how they enable institutional
effectiveness, and also link or position within the wider institutional practices and
strategy (Temple, 2008; Brown et al., 2017)

•

Boys (2011) highlighted the issue of relying on simplified metaphors to translate
pedagogic requirements into spatial solutions, a process that is not so
straightforward due to the complexity of the social and spatial relationships taking
place in learning environments. Furthermore, adding to this complexity, it has
been acknowledged that while lessons learned from previous cases are valuable,
each HEI should consider its own context, which should be reflected both in the
design solutions (Lee and Tan, 2011) and evaluation processes undertaken (Riley,
2013).
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•

Promote interdisciplinary research involving a variety of academic disciplines,
amidst others, education, human geography, environmental psychology and
architecture (Boddington and Boys, 2011). Furthermore, it is recommended for
the development of new perspectives, through “a process of reframing the issues
and sharing ‘novel’ research methods” (Cleveland and Fischer, 2014, p.25)

•

The need to develop formative evaluation methodologies, that can support
evaluation through the lifecycle, starting from early concepts and through the
occupancy and management of these spaces (Lee and Tan, 2011; Cleveland and
Fisher, 2014). Furthermore, the development of frameworks that not only focus
on providing a summative evaluation, as it is the case of many outcome-oriented
POE (Watson et al., 2016), are needed, in order to move towards methods and
tools that ‘reveal, assist and inform rather than dictate the management and
construction of learning spaces’ (Boddington and Boys, 2011, p.18), where the
overall aim is to assess the value of these environments, disregarding on how this
value is defined.

Finally, the empirical work in this thesis focuses on a specific subtype of space, those
spaces built to support self-directed learning (also known as ILS), which have been
influenced by recent ICT, policy and student-centred developments. These spaces, in
contrast to formal instruction spaces, remain relatively under examined, while they still
feature complex patterns of use, where multiple student cohorts and activities have to be
catered for. Furthermore, as during the design, development and operation of these
spaces a wide range of stakeholders are involved, who represent diverse communities of
practice and disciplines, with potentially different values and perspectives about ILS
(Boys, 2011; Brandt and Bachman 2016; Walton and Matthews, 2019). In order to gain
some understanding on the drivers, and the design and operational choices shaping
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recent ILS developments, a set of 41 published cases have been reviewed (Appendix A).
The findings around the broad objectives and drivers shaping these designs are
discussed in the present chapter, while the finings regarding specific design aspects and
associated design intentions will be presented in chapter 6, as they serve to inform the
development of a model to conceptualise ILS developments.
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Chapter 4 - A sociotechnical systems approach for the design of HE
environments
4.1. Chapter introduction
The previous chapters focused on examining approaches regarding value and quality in
design, in particular, within the context of HE learning spaces. Through the review, a
number of shortcomings and limitations have been identified, as well as a number of
characteristics that indicate that measuring design quality and value remain complex and
multi-dimensional processes. The present chapter serves both as a literature review on
Sociotechnical systems (STS) theory and STS approaches to design, as well as providing
a position that argues for their relevance to address some of the shortcomings identified
in chapters 2 and 3. For this, the complexity prevalent in HE is discussed, including that
faced by stakeholders when it comes to designing and developing learning spaces.
Building upon the challenge of addressing this complexity, the relevance of STS theory,
and its design principles, is discussed. Furthermore, the theoretical foundations of two
STS design frameworks are reviewed, as well as providing an overview of the tools and
applications for which they have been deployed. Finally, the chapter serves to lay down
the theoretical framework that underpins the research process and discusses how
cognitive work analysis (CWA) can offer new directions and opportunities to
complement the shortcoming identified in existing HE learning space design and
evaluation approaches.

4.2. Complexity in HEIs and campus developments
Research has highlighted the complexity of the built environment has been highlighted
and to some extent addressed. For instance, the usability of workplaces research projects
has referred to the design and management of the built environment as “wicked issue”
(Blakstad et al., 2010). Wicked problems are closely linked with design practice and they
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were originally defined by Rittel and Webber (1973) as presenting the following
characteristics:
•

Wicked problems do not have a definite formulation: They depend on the
approach taken to solve it. Therefore, to have a perfect understanding, it would be
necessary to anticipate every conceivable solution, which is not possible.

•

Wicked problems do not have definite solution. This is, there is always a
possibility of improvement through further investment. The moment, designers
stop improvements is usually determined by time and cost constraints.

•

Wicked problems solutions are not true or false, but rather better or worse: A set
of criteria can be used to judge success of solutions; however, these are not
absolute, nor universal.

•

Every solution of a wicked problem is too a great extent a ‘one-shot operation’,
where every attempt counts significantly. While common characteristics and
properties can be found between problems, they are too a large extent unique.

•

Wicked problems can be defined as symptoms of another problem, which are
driven by the need of investment into solving a problem, that current solutions fail
to properly address.

As seen in the previous chapter, defining quality, value or even building performance,
including HE facilities, faces comparable challenges and characteristics to those of
wicked problems. Systems thinking, and in particular STS theory have been
recommended as a suitable approach to understand and address the complexity of these
issues. Systems thinking places a strong emphasis on formulating and understanding the
functioning of a system, which is dependent on the interrelations between its components,
which enable achieving properties not attributable or derived based on the characteristics
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of single components. Thus, systems thinking offers a platform to formulate and
understand wicked problems, and to incrementally develop designs that can “muddle
through” the formulated problems (Norman and Stappers, 2015).

In HE, Herrmann et al. (2004) suggested the consideration of the university as a STS,
aiming to understand how learning environments could be supported by ICT systems and
technologies by supporting collaboration and facilitating organisational processes.
However, this perspective was limited to ICT infrastructure, while buildings, facilities or
the physical campus remained overlooked. In terms, of campus management, den Heijer
(2011) discusses the role of real estate interventions in adding value to an organisation
and its users. However, it is problematic to observe estate interventions alone when trying
to assess the direct effects onto the institution, as these interventions frequently
encompass changes in other production factors such as, work practices or ICT. Thus,
trying to isolate the effects of an estates project and assessing the value added by it, often
results in vain efforts. In this context, den Heijer (2011) suggests the view of performance
as emerging from the interrelations between 5 university resources; human resources,
information, capital, technology and real estate. Amidst these, human resources can be
considered the primary asset of the HEI, as its main outputs for society are ‘knowledge
and (potential) knowledge workers’ (den Heijder, 2011). Within this perspective, the
interconnectedness between multiple resources is emphasised, which showcases the
complexity present in assessing campus developments.
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Table 4.1 Complex systems characteristics and the relation to HEIs.
Complex System
features
(Dekker, 2011)
Complex systems
are open systems

Description

Examples in the University

Complex systems are open, this is,
they influence and are influenced by
the external environment. System
boundaries are difficult to establish.

Ignorance of the
behaviour of other
components in the
system.

Components respond locally to
inputs and information received, not
necessarily
understanding
the
impact of their behaviours on other
parts of the system.

System’s
Complexity
versus
Component’s
Complexity

Complexity is a feature of a system,
not necessarily a feature of the
components forming it. Single
components, even complex ones,
cannot characterise the complexity
of the system they are part of.
Components
are
continuously
providing
and
reacting
to
information. Without these a system
cannot survive in changing
environments.

HEI are directly influenced by the external
environment:
Government
policies,
economic incidents, demographics, labour
market demand, and other external factors
affect the system. Similarly, universities
and their performance can themselves
influence external organisations and
policies.
An average student would have difficulty to
describe the entire structure, departments
and policies shaping the university. The
student, in her behaviour, is responding to
information
received
from
her
surroundings. Similarly, university board
members would have difficulty describing
each programme’s contents or the activities
of students and staff.
Although, a university can be decomposed
into physical, technological or human parts,
those alone cannot characterise the
performance of the university.

Dynamic
continual
interactions
between
components

and

System’s
Path
Dependence:
Historicity

Complex systems are dynamic,
however, the past shapes of current
behaviours.

Universities are continuously adapting
operational practices and strategies based
on received/developed information from
system’s components, such as, students,
academics,
occupancy
sensors,
indicators…
Universities are among the most ancient
institutions in existence. Characteristics and
features of this institutions can only be
understood by looking at their origins. In
the UK they are commonly divided as
follows:
Ancient Universities (11th century18th)
Red Brick Universities (19th and
early 20th century)
Plate-glass Universities (1960s)
Post-1992 Universities.

Furthermore, as addressed in chapter 3 of this thesis, research and sector-wide initiatives
around HE learning space design and evaluations have acknowledged the complex
interrelations between technologies, pedagogic practices, the physical spaces, and endusers (Radcliffe et al., 2008; Pearshouse et al., 2009; UCISA, 2016). While an initial shift
towards non-deterministic research paradigms of research is suggested, with socio67
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constructivist methods such as ethnomethodology being recommended (Boddington and
Boys, 2011), systems theory and its methods have rarely been featured. For this, a first
step involves the exploration and discussion on how various sociotechnical systems
(Vicente, 1999; Carayon, 2006) and complex adaptive systems characteristics (Dekker,
2011), translate to HEIs, as seen in tables 4.1. and 4.2.

Table 4.2. Characteristics of STS in HEIs. Adapted from Navarro et al. (2020)
STS
Characteristics
(Vicente 1999;
Carayon,
2006)
Large problem
space

Description

Examples within university campus
design and management

Degree of
Prevalence

Many different elements
and forces within the
system

High

Social

Complex STS include
multiple
users
and
employees, who must
interact with each other
to attain shared goals and
a proper functioning of
the system.
Workers
in
STS
frequently come from
different
backgrounds
which often lead to
multiple perspectives and
interests, in many cases
even conflicting ones.
Workers and users are in
different
geographic
locations.

HEIs host many academic disciplines;
each with their own programmes, courses,
research resources. The planning of
support infrastructure needs to account for
the different interests, space and
information requirements.
Student and staff numbers range in size
across institutions and across time,
however, they frequently surpass the 00s.
In 2009, UK student numbers ranged
between the 40,000 at Manchester
University to the 4,500 at Abertay Dundee
University. (AUDE, 2019)
HEI are compounded of multiple
stakeholder groups, including but not
only,
students,
academic
staff,
researchers, professional services, clerical
staff etc. Infrastructure interventions and
changes favouring some of those groups
might conflict with others.
Although not all HEIs are geographically
distributed, frequently, universities offer
forms of distance education through
virtual environments. The implementation
of international branch campuses is also a
common model in UK, USA and
Australia. (Escriva-Beltrán et al., 2019)

Heterogeneous
Perspectives

Distributed

High

High

Medium

Dynamic

Complex systems are
usually dynamic and can
have long time constants.
Effects of actions can be
delayed; users have to
anticipate future system
states and act in advance.

Campus investment and development
decisions include predicting trends,
demographics, user requirements and
potential future scenarios to ensure that
facilities and infrastructure remain fit for
purpose and future-proof (den Heijer,
2011).

High

Potential High
Hazards

System failures can cause
large consequences – e.g.
economic, social or
environmental.

HEI are safe systems in relation to user’s
safety and ecological catastrophes.
However, their influence in local, regional
and even national economy is critical (den

Medium
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Many coupled
Sub-Systems

Automation

Complex STS tend to be
composed by many subsystems interacting with
each other. This results in
difficulties to identify
exact effects of actions or
tracing
back
single
causes
of
existing
problems.
Highly
automated
systems, controlled by
computer
algorithms,
workers’ role is to
monitor
the
correct
function
and
solve
problems, when issues
occur.

Uncertain Data

There is a degree of
uncertainty in the data
available
to
users/workers

Mediated
Interaction

Goal-oriented properties
are not always directly
observable, workers need
to process information to
understand
these
properties.

Disturbances

Unanticipated
events
occur, and workers need
dealing
with
them.
Adaptation of work
practices to solve issues
is often necessary.

Heijer, 2011). In the UK, HEIs, directly
and indirectly, contribute an estimated
52.9b GBP (around 3% of the GDP) and
944,000 jobs to its economy (Universities
UK, 2017).
Universities can be divided in many
interlinked sociotechnical sub-systems.
Professional
services,
academic
departments, research groups, centres,
institutes,
and
even
temporary
communities such as those formed by
yearly academic programmes, each with
distinct
users
and
characteristics
(Herrmann et al., 2004).
HEIs feature an increasing degree of
automation in space management,
timetabling, or information resource
management. Examples include, learning
analytics, adaptive learning technologies
or artificial intelligence (Becker et al.,
2018)
Specialised areas such as research labs and
computer labs often feature automated
components.
Universities often rely on estimations of
student numbers for long-term investment
decision-making. In the shorter-term,
fluctuations in student numbers per course
might occur, in turn, affecting timetabling
and space allocations.
Universities goal-oriented properties
involve the need of complex indicators to
measure its performance, affecting amid
others campus management. E.g.
balancing student experience, costs,
sustainability goals, productivity, use
efficiency etc. (den Heijer, 2011)
This has resulted in the need of industrywide indicators and cross-institutional
collaborations. For instance, ‘Space
Management Report’ in the UK (AUDE,
2019).
Unanticipated situations in campus
planning include:
Student requests and complaints
Changes in student demands and
expectations.

High

Low
Medium

Medium –
Low

High

Medium Low

As seen above, HEIs commonly possess characteristics common within complex systems
and sociotechnical systems, which would indicate that approaches underpinned by
systems theory could prove valuable, in problem understanding, definition and design of
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policies, curriculum or even learning environments, including those for self-directed
learning. Once the appropriateness of conceptualising learning and campus developments
as complex STS has been established, in the following section will explore STS theory,
in particular in relation to systems design, and the principles that underpin it.

4.3. Sociotechnical systems theory and principles
STS theory was originally coined by researchers in the Tavistock Institute, based on their
studies of mechanisation into UK’s mining industry during the 50s. STS theory not only
concerns with analysing the technical and social structures that interact and organize to
achieve certain purposes/goals, which is underpinned by general systems theory, but it
is also underpinned by a set of principles for design, which concerns with the well-being
of users/workers, which is deemed as important as systems overall performance. Walker
et al. (2008, p.494) summarise STS theory as ‘a set of explicit concepts, inspired by
general systems theory, aimed at jointly optimising people, technology, organisations and
all manner of other systemic elements’. As a broad summary, three key principles
underpin the design of work systems in STS theory, resulting from humanistic and
participatory values: 1) responsible autonomy, 2) adaptability, and 3) meaningfulness of
tasks. These principles, from the classic account of STS, have been further expanded over
time to account for the new reality of technological developments (e.g. ICT
developments) and to attend broader systems (e.g. urban planning or workplaces design)
(Clegg, 2000; Read et al., 2014). These humanistic principles, which underpinned STS
theory, are compared against principles that have underpinned learning space design in
recent decades (Table 4.3.).
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Table 4.3. STS principles and industry learning space design principles overview.
STS design
principles (Read et
al., 2014a)

STS Theory
principles (Davis et
al., 2014)

Principles for learning
space design (JISC, 2006)

7 principles for
Knowledge Generation
Spaces (Souter et al.,
2011)

Social and technical
systems have to be
designed together.

Open Systems
Perspective: Changes in
one system (e.g.
physical) can impact
other systems (e.g. work
practices)
Organisational Choice:
Designers should
specify as little as
possible, enabling user
“finishing” the design.
Controlling Problems at
Source: Make problems
visible and easy to
resolve the moment
they arise.
Boundary Location and
Information Flows:
Physical, technological
and social systems,
affect information flow.
Congruence and
Support: Changes
should be congruent
with other components
in the system.
Quality of Life and
Experience: Changes
can have an influence
on user’s wellbeing and
experience.
User Participation and
Ownership: Successful
design requires active
participation and
ownership of the
implementation.
Open-Ended Design:
Design is never
finished, it is an openended processes that
adapts to future
changes.

Flexible: To accommodate
current and evolving
pedagogies)

Comfort: Physical and
Mental sense of ease and
well-being.

Future-Proofed: Enables
space reconfigurations.

Aesthetics: Recognize
symmetry, harmony,
simplicity and fitness for
purpose.

Bold: Beyond tested
pedagogies and technologies

Flow: Enable a state of
mind for immersion in
learning.

Creative: Energize and inspire
learners

Equity: Consider cultural &
physical needs &
differences.

Supportive: Develop potential
of all learners

Blending: Mix of
technological and face-toface resources.

Enterprising: Spaces capable
of supporting different
purposes

Affordances: Design with
the ‘Action possibilities’ the
environment provides in
mind.

Balance between topdown and bottom-up
design approaches.

Designs are
contingent (context
dependent)

User needs and
requirements coevolve with the
system use.
Change and
adaptability, for users
to interpret and adjust.

Produce meaningful
tasks to enable seeing
their significance.

Minimal critical
specification: User
‘finishes’ and coevolves the design
based on his/her
preferences.
Congruent with
existing practices

Repurposing: Explore
potential multiple and
diverse uses of the space.

When comparing STS theory principles and learning space design principles, which were
previously reviewed in Chapter 3 (Table 3.1), some remarkable synergies arise. For
instance, the move from didactic towards student-centred pedagogies, as reflected by the
principles emphasises the adaptability, flexibility, learner’s agency and control, and the
ability to personalise and customise their environment. Such humanistic principles, are
also predominant within STS theory, as showcased by the focus on adaptability, which
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indicate the need to design systems that enable users to adapt and co-design the systems
to suit their preferences and needs. Technological matters, i.e., blended and technology
enabled learning, are also frequently covered by learning space design principles. In this
regard, STS theory principles also aim to design systems holistically, promoting the joint
optimization between the technical and social sub-systems. This serves to prevent
technology-led changes and ensuring changes remain congruent with existing processes
and user preferences.

Finally, the importance of designing systems that encourage users to engage with
meaningful tasks, which would refer to learning activities in this context, appears as
another commonality between STS principles and student-centred learning principles. In
this regard, the design of modern spaces to enable student-centred learning to indicate the
importance of involving academics and practitioners with knowledge on learning theory,
to ensure congruence between learning activities and the spaces being designed.
Therefore, once the synergy across STS and learning space design principles, as well as
the previously discussed complex nature of HEIs are taken into consideration, it seems
that the application of STS theory to the problem of learning space design is justifies.
Thus, the following section delves into the academic discipline of human factors and
ergonomics (HFE), which has been traditionally closely intertwined with STS theory, and
also serves to review a number of HFE methodologies relevant to the design of complex
STS.
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4.4. HFE and systems thinking: A complementary approach for learning space and
campus design?

"Human Factors (or Ergonomics) is the scientific discipline concerned with the
understanding of the interactions among humans and other elements of a system, and
the profession that applies theoretical principles, data and methods to design in order
to optimize well-being and overall performance." (IEA, 2018)
As Dul and colleagues (2012) indicate, based on the definition above, three fundamental
characteristics differentiate HFE to other research disciplines; a systems emphasis, its
design-driven orientation, and focus on outcomes that jointly optimise both, people’s
well-being and system’s performance. HFE focuses on the study of the interactions
between humans and the environment, however, only studies those systems deliberately
designed. A systems model might include different physical and virtual spaces, or any
other human-made artefacts, as well as people, and social, cultural and organisational
structures (Dul et al., 2012). The boundaries of these systems are defined by analysts,
based on the problem at hand, narrowing the focus to specific aspects (e.g. tasks, human
capabilities, processes etc.), while the wider context that affect these remains into
consideration. HFE as a discipline has evolved through three sub-disciplines:

•

Physical Ergonomics: What is stereotypically thought of as ergonomics. It involves
science and observation of physical work factors (i.e. posture, force, repetition,
duration, etc.) and individual factors (i.e. height, age, vision, fitness, etc.)

•

Cognitive Ergonomics: Cognitive ergonomics can be thought of as “designing for the
mind”. The design of the work must reflect the user’s knowledge, skills, abilities,
natural behaviours and tendencies (habits), situational awareness limitations and
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perceptions. If you have ever found yourself thinking that your employees “do stupid
things” it may be because you have not factored the mind into the work design.
•

Macro-ergonomics: It involves system wide analysis of policies, procedures,
workflows, infrastructure, and culture within broad systems such as organisations or
communities. It commonly involves the application sociotechnical principles to
system design.

4.4.1. HFE in architectural design processes
HFE have previously been applied in architectural processes, in particular, in the domain
of healthcare domain, HFE and particularly participatory ergonomics, have shaped the
architectural design of hospitals (Villeneuve, 2000; Remjin, 2006). In other contexts,
architects have made use of HFE methods, for instance, featuring hierarchical task
analysis to breakdown how end-users accomplish their purposes within different built
environments (Attanesse and Duca, 2012) o more commonly, investigating the design of
the furniture they interact with in learning spaces (Parvez et al., 2019). These approaches
feature a narrow scope of the system, focusing mostly on the micro interactions of users
with their immediate environment, and except for some cases fail to include the broader
organisational purposes and structures (Robertson and Courtney, 2004). Another
architectural discipline closely linked to HFE is ‘universal design’, a paradigm concerned
with ensuring the built environment is accessible and usable by those with various
physical, psychological, or sensorial disabilities (Preiser & Ostroff, 2001; Iwarsson &
Sthal, 2003).

Furthermore, in regard design processes and activities, prevailing architectural
frameworks, such as the RIBA-PoW (2020), and HFE interventions comprise a number
of synergies, but also a few disparities. Architectural design processes are structured in a
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top-down manner, this is, early stages cover broad questions (e.g. strategic brief, project
objectives, value dimensions, key constraints…) and as the project progresses, they
translate into concrete and increasingly more detailed designs. Meanwhile, HFE
interventions, based on the joint-optimisation (i.e. wellbeing and performance), combine
a top-down approach, covering business objectives and broad performance requirements,
with a bottom-up approach that includes specific studies of the end-users (e.g. physical
characteristics, disabilities, cognitive limitations…) and the tasks to be accomplished
(Remjin, 2006). Based on this, it appears that HFE interventions would have a larger
impact in architectural design processes at early stages, informing and auditing project
briefs and early design concepts (Attanese and Duca, 2012).

In regard to designing learning environments, recently a number of approaches have
proposed to conceptualise the learning environment as a complex system. To allow for
exploring how the interactions between different components, like physical space,
curriculum, or learning technologies can promote effective learning. Goodyear and
Carvalho (2013) indicate the importance of mapping complex relations between used
objects, what these afford, and the learning activities, as to design effective learning
experiences. Similarly, Shapiro and colleagues (2017) proposed a methodology based on
the combination of interaction design and human geography to record and examine users’
learning experiences, in relation to the interactions they had with the physical
environment and other users, across time in museum environments. Moreover, in the
context of academic libraries, Johnson and Khoo (2018) examine individual and group
interactions across time and space to map effective use of the library space. These
methods are valuable in designing and understanding the human-environment
interactions, however, as the aforementioned architectural applications, they can be
further expanded by studying the organisational and macro constraints that shape HEI.
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4.5. Overview of methods for the design of complex STS
Historically, HFE characterised by a reductionist view in its application and array of
methods, focusing on optimising single tasks or interfaces. However, in recent years HFE
has engaged with issues of aa complex nature, showcasing the need to further develop
methods for analysing and designing complex systems (Salmon et al., 2017). This shift
explains the increasing number of domains, which traditionally remained out of the
safety-centric domains in which HFE interventions are commonly applied in. For
instance, in the development of military doctrine (Naikar, 2017), the analysis of outdoor
activities (Carden et al., 2019), urban and city planning (Stevens and Salmon, 2014),
sports performance (McLean et al., 2019) or the study of sustainable practices in
workplaces and homes (Davis et al., 2014; Lowe et al., 2017). Today there are a number
of HFE frameworks that support a holistic and multi-level view of systems as units of
analysis. For example, Event Analysis of Systematic Teamwork or Cognitive Work
Analysis (CWA) (Rasmussen et al., 1994; Vicente, 1999), the STS framework (Davis et
al., 2014), or expanded design (Engestrom, 2000; Bligh, 2014). Furthermore, according
to Read et al. (2013), these approaches underpinned by systems theory, share four
characteristics that differentiate them from other methods; (1) they acknowledge
emergence of phenomena, which occurs from the interactions and relations across the
system components. (2) They recognise that system performance and behaviours is a
variable, and often unpredictable; thus, they aim to determine a range of possible
behaviours, rather than predicting specific ones. (3) They view systems as dynamic in
nature and as continuously evolving over time, thus, they often interpret these as an
ongoing process rather than a finalised product. Finally, (4) they conceptualise systems
as hierarchical constructions, focusing not only on physical or technical aspects, but also
taking into consideration other aspects that influence these constructs, such as, culture,
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social conventions, regulations, policies or strategies. These characteristics are rarely
featured in studies of building’s performance in-use, although recently, examples
featuring some of these principles have started to arise, such as studies on occupant
adaptations (Chiu et al., 2014; Lowe et al., 2017), the ‘usability of workplaces’ studies
(Blakstad et al., 2010), or research on the interactive adaptability between occupants and
the surrounding environment (Cole et al., 2008).

In the following section an overview of two STS analysis and design methods, which
have been expanded over recent years in a variety of domains, that have the potential to
inform learning space design is presented.

4.5.1. Cognitive Work Analysis: Design of complex STS
Cognitive Work Analysis (CWA) (Rasmussen et al., 1994; Vicente, 1999) is a complex
HFE framework developed for the design and analysis of complex work systems. Jenkins
et al. (2009), described the value of CWA as, ‘(…) a platform for exploring sociotechnical
system change, which results from changes to the organisational structure and
technology’. The framework is grounded on naturalistic observations of human reasoning
practices in different STS, ranging from library operations and indexing systems to the
design of nuclear power plant control rooms. The framework has its theoretical roots
within general systems thinking, sociotechnical systems, and Gibson’s ecological
perception theory. Gibson’s theory and particularly the construct of affordances, was later
adopted by researchers in cognitive engineering and expanded into the construct of
‘perceived affordances’ (Norman, 2013), which resemble the human reasoning-based
constraints modelled through CWA (Kant, 2018). In recent years, beyond humancomputer interaction, the use of affordances has gained traction in the fields of
architecture (Maier et al., 2006) and learning environment design (Souter et al., 2011;
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Goodyear and Carvalho, 2013), as an attempt to capture and conceptualise available
actions for users.

Two features differentiate CWA from other HFE methods, the focus on constraints and
the formative nature of the framework. Thus, the focus lays on determining ‘how
activities and tasks can be conducted’, rather than prescribing (summative), or describing
the functioning of the system (descriptive) (Vicente, 1999; Salmon et al., 2010).
Furthermore, in its underpinnings the framework promotes and recognises the need to
design with user adaptation in mind, rather than narrowing and limiting them to a set of
prescribed ideal tasks/activities. as in complex environments uncertain/unexpected events
are frequent. The framework is divided in five phases, each focused on modelling
different constraints within the system, ranging from environmental constraints (physical,
technological, cultural and organisational) in which the system embeds, to constraints
derived from the user’s cognitive capabilities and preferences. Thus, CWA offers a multilayered analytical approach to the study of complex STS. Figure 4.1. represents how the
each of these phases aims to conceptualise a set of constraints represented by the layers,
which increasingly reduce possible actions, and therefore the behaviours possible within
the system. CWA phases, and the methodological toolkit available for the analysis of each
constraints for each of them are further described in Table 4.4.
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Figure 4.1. Conceptualisation of systems' constraints addressed by CWA (Rasmussen et al., 1994)

The constraints can be divided into two types; intentional and causal, which have also
referred as soft and hard constraints respectively (Stanton et al., 2013). Intentional/soft
constraints are the ones originated from the values and measures imposed by the
users/workers, in the form of cultural conventions, personal values or criteria. Meanwhile,
causal or hard constraints refer to those caused by physical, natural or functional
capabilities of the objects and technologies. Universities and similar institution can be
categorised as “Loosely coupled intentional systems”, this is, they are shaped by
intentional constraints (policies, strategies, shared values…) at higher levels of the
system, while at the bottom levels, loosely coupled infrastructure and technology features
constrain the behaviour causally (Naikar, 2013).
Table 4.4. Overview of phases and available methods in CWA
Framework
Phase
Phase 1: Work
Domain
Analysis
(WDA)

Description and Constraints modelled

Tools/Methods for Analysis

Models the constrains caused by the
environment in which the system is
embedded. The analysis includes a study
of the system at multiple levels,
including abstract levels such as,
organisational processes, values or core
purpose. Meanwhile, it also includes a
study of the physical/virtual environment
and the constraints and affordances this
offers.

Abstraction Hierarchy (AH) (Naikar,
2013): Offers a 5-level abstraction to map
and connect multiple constraints from the
environment, from physical objects in the
bottom, to functional purposes at the top.
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Phase 2:
Control Task
Analysis

Phase 3:
Strategies
Analysis

Phase 4: Social
Organisation
and
Cooperation
Analysis
Phase 5:
Worker/User
Competence
Analysis

The second phase studies the activities in
terms of situations and functions, and
control tasks. First, in terms of situations:
It offers an analytical framework to
break down key functions identified in
the Abstraction Hierarchy in terms of
locations and time where they take place.
Second, in terms of control tasks: It
addresses what needs to be done in the
system. This phase explores which
control checks are necessary for each
activity.
Explores the strategies the stakeholders
can use to conduct the activities
previously identified. Offers to uncover
the “black-box” that remains from the
previous phases: This is, how can
activities be achieved by the
workers/users?
Identifies the responsibilities of the
organisational structures.

It focuses on the actors within the
system, identifying how they conduct the
task and what cognitive capabilities are
necessary to “become experts”.
Differentiates the capability difference
between novices and experts.

Contextual Activity Template: Models
activities in terms of functions and
situations (Jenkins et al., 2009)
Decision-Ladder: Offers a template, based
on naturalistic observation of decisionmaking of workers and users. It allows to
map at different control points, the
decisions and constraints for different
activities (Rasmussen et al., 1994)

Activity-flows considering the possibilities
and the order in which tasks are conducted.
Cornelissen et al. (2013) offer a structured
approach to map the activities; Strategies
Analysis Diagram, showcasing the
activity-flows that the users follow based
on certain criteria and use of action verbs
for the potential activities users can do.
The analysis applies to the previous
templates and tools. It maps the
responsible of tasks/functions that have
been identified (Jenkins et al., 2009)
Skills, Rules and Knowledge Framework
(SRK) (Rasmussen et al., 1994). New
approaches include other relevant factors
beyond knowledge of the system such as,
values or attitudes (Kant, 2018)

CWA, and each of the phases are not without limitations, for instance, most applications
of the framework have centred on modelling constraints on the first phases, namely WDA
and control task analysis, while very few studies conduct the later phases, especially
Worker Competence Analysis. This has created an imbalance on the development of tools
and techniques, and insights that analysts have gained, while the abstraction hierarchy
(AH), part of WDA, is an extensively applied tool, which includes extensive guidelines
for its application (Naikar, 2013), the later tools, in particular the skills, rules and
knowledge framework have undergone little developments (Jenkins et al., 2009). While
the toolkit has been adopted by HFE researchers, which have resulted in the development
of CWA specific software, it is still perceived as a complex framework to apply as it
requires extensive training (Stevens et al., 2018).
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Although the framework was developed in the 70s and 80s, its application became
common in the 90s, mostly through ecological interface design developments (Vicente,
1999). CWA as a tool has evolved through its application to multiple domains and for
distinct purposes, including urban planning and infrastructure design (Stanton et al.,
2012; Read et al., 2015; Stevens and Salmon, 2014; Read et al., 2017). Recent
applications of the framework have intended to inform the design of complex
infrastructure systems (Read et al., 2016), such as railway crossings, or the assessment
and design of complex urban systems, such as cities and high streets (Beevers et al., 2016;
Stevens, 2016; Patorniti et al., 2018; McClymont et al., 2018; Patorniti et al., 2019). Some
of these domains, especially those related to urban planning, resemble challenges similar
to the ones faced by HEI, particularly in regard to campus and space management.
However, up to date CWA, nor other STS approaches, have been explored to aid on the
design and evaluation of campus learning spaces or facilities from an architectural
standpoint.

4.5.2. The STS framework
Underpinned by classic sociotechnical systems theory, Davis et al. (2014) proposed the
STS framework (Figure 4.2.), a framework that conceptualises complex organisational
systems as represented by 6 interrelated factors, which are embedded within an external
environment. This framework works as a simple but flexible tool to map organisational
context and offer a reference to collect data, analyse and study complex environments.

Challenger and Clegg (2011) retrospectively applied the toolkit to investigate
overcrowding incidents in the UK, by exploring the influences between factors within the
previously described sub-systems, and how they interrelated to cause tragedies such as
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the Hillsborough disaster in 1989. The retrospective analysis provides a broad view of
many factors that were in place, that enabled various disaster to happen to the scale they
did. Furthermore, beyond its analytical value, integrating developed policies, subjectmatter expert interviews, and reviewing other public documents, the STS framework was
also used predictively to recognise risks and contingencies for the London Olympics in
2012 (Challenger et al., 2010).
Furthermore, the framework, beyond those analytical applications, has also been applied
to explore to support design changes, in a participatory manner, such as exploring how
pro-environmental behaviours can be supported (Davis et al., 2014), or for healthcare
work re-design (Hughes et al., 2017). The process to apply the STS framework, in
particular in a participatory manner, is covered broadly by Hughes and colleagues (2017),
where they address the design challenge of telematic healthcare for diabetic patients. The
process includes 6 broad steps; 1) Involve key stakeholders, 2) Agree on system
parameters and define the problem to be studied, 3) Collect data as ‘it is’, through
interviews, focus groups and workshops with stakeholders, 4) analyse ‘as is’, by utilising
the framework and modelling how identified factors interact, 5) Consider ‘to be’, through
a use of design Scenarios and the involvement of key stakeholders, and 6) Decisionmaking and agreement upon an implementation plan. While the steps are broadly
explained and some potential methods suggested (e.g. focus groups, interviews or
workshops), there is no detailed guidance on applying, or supporting facilitators on
applying the framework.
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Figure 4.2. Illustration model of STS framework (Davis et al., 2014)

The stakeholders involved reported a set of benefits arising from the application of the
STS process (Hughes et al., 2017). For instance, the avoidance on a sole focus on
technological improvements as social aspects are also considered, exploring systemic
implications of potential alternatives, which avoid overemphasis or neglection of factors.
The involvement of stakeholders, which enabled a better understanding of the problem,
integrating perspectives from various sub-groups, and promoting their engagement and
commitment (buy-in). The process also provided a structured approach to conceptualise
problems, and assess design scenarios, through a ranking system conducted by
stakeholders themselves. It also encourages innovation, as the Scenarios enable a relative
risk-free environment to explore alternative options, even if most of these are proven
inviable after evaluation. Finally, the approach was deemed as providing a conceptual
framework (figure 4.2.), which is easily understandable and easy to use by stakeholders,
while providing the flexibility to address multiple design problems. Furthermore, it is
considered relatively low in cost, where the cost is associated with the time invested in
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understanding and analysing the system (“as is”), and the time invested by the
stakeholders into the scenario workshops. Meanwhile, in regard to drawbacks, the STS
framework include the difficulty to get the right stakeholders, in terms of representation
and potential issues with conflict avoidance in regard to exposing weaknesses in front of
other stakeholders. Furthermore, facilitation can also be a challenge, as well as the risk
of not achieving any consensus or agreement. Finally, they also mentioned the potential
loss of momentum once the process was completed, by failing to act upon decisions or
plans. The STS framework process applied in this case (Hughes et al., 2017), while
underpinned by a distinct theoretical framework, resembles the value management
derived methodologies described in chapter 2 (Mills, 2013; Kelly et al, 2014).

4.6. Sociotechnical Systems: Proposed interventions during the project lifecycle
Previous sections showcase how HEIs, and particularly universities, rank high in a
number of characteristics and features recurrent in sociotechnical systems (Vicente, 1999;
Carayon, 2006) and in complex systems (Dekker, 2011). Furthermore, the learner-centred
design principles that have underpinned the development of modern learning spaces
(JISC, 2006; Souter et al., 2011), including ILS, also share commonalities with STS
design principles (Read et al., 2014). Furthermore, the review conducted in chapter 3
around of recent developments in learning space design in HE, showcase the need for
developing formative methodological approaches that can shed light into the complex
interrelationships occurring in the interface between the spaces, technology and the
pedagogic practices and activities. Therefore, exploring the application of STS design
frameworks appears fitting for the task. Within this thesis, the critical application of CWA
to inform and support ILS design processes will be explored. CWA, while being
considered a complex toolkit, has a comprehensive set of guidelines and methods, and a
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widespread application in multiple domains, including successful applications in
relatively close contexts to that of architectural design, such as city planning or urban
design (Stevens et al. 2018).

In order to discuss CWA interventions that could inform and improve the
performance of projects (by improving the performance in use, adding value, or
improving the design quality) over their lifecycle, the RIBA PoW (2020) is used as the
basis to explore the synergy of CWA with processes at different stages (Figure 4.3.). This
is similar to the discussion by Kelly and colleagues (2014), when discussing the potential
value added of value studies through the lifecycle. While there are challenges in
translating findings from CWA models and methods into architectural designs beyond
sheer analytical value, several previous CWA applications suggest encouraging synergies
to inform ILS design processes. In the following section, the potential applicability of
CWA in architectural processes will be further discussed.
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Figure 4.3. Overview of potential CWA interventions during the RIBA PoW (2020)

4.6.1. STS Intervention 1: Informing, conceptualising and articulating complex
design requirements
CWA and the STS framework offer theoretically sound frameworks, underpinned by the
ecological perception theory (also known as theory of affordances) and observations on
naturalistic decision-making, which guided and structured the development of the toolkit
over the years (Norman, 2013). The systems approach offers broader insights into user’s
behaviours, activities, decision-making processes, while taking into consideration the
broader aspects of the institutional environment. This avoids focusing solely on the
technical solution and encourages a holistic analysis of the interactions between the
institutional structures (strategic purposes, roles, ethos…), the physical objects, tasks, and
digital technologies. This offers the possibility to develop comprehensive organisational
and technical requirements for a campus development, which in turn can improve the
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outcomes and impact of briefing and programming. The toolkit offers formative insights,
this is, it allows for exploring consequences and modelling the impacts arising from
changes in the system, being individual components or entire sub-systems, such as the
implementation of new learning technologies. Furthermore, CWA offers a highly flexible
toolkit, enabling to model and consider the characteristics and singularities of different
universities.

Recent applications showcase a number of applications where CWA serves as the basis
to develop design requirements and specifications (Stanton et al., 2017). For example,
interface design refers to the field that early adopted CWA, which enabled exploring how
users interacted with their environments, in terms of the purposes of these interactions,
their decision-making processes, and the form in which they structured these activities.
Therefore, by modelling and clarifying these, it is possible to determine what, where and
when information is required to be provided, which can better support user’s decisionmaking. These specifications have therefore been used to develop user interfaces and
evolved into the approach named ‘ecological interface design’ (Vicente, 1999). In the
product design context, there is evidence on how the AH, part of the WDA 1st phase, is
used to model the functional structure of the product and develop design requirements
that address issues and enhance the flexibility of everyday products (Jenkins et al., 2009).
However, CWA is often considered a complex toolkit, which requires understanding and
iterative analysis to model the system. Furthermore, translating CWA findings and
insights, into design requirements and solutions is considered a challenging task (Naikar,
2013), therefore, requiring an experienced analysts’ team, both using the toolkit but also
with a good understanding of the domain, to translate these requirements into designs.
This might result hinder the adoption of this approach.
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4.6.2. STS Intervention 2: Pre-occupancy assessment of design concepts
A major shortcoming identified in the Chapter 3 literature review around learning space
design and evaluation indicated a demand for formative evaluation methodologies, to
support evaluation through the lifecycle, including assessments of early concepts (Lee
and Tan, 2011; Cleveland and Fisher, 2014). Current approaches, such as MCA and
MCDM methods, such as DQI, can be applied for the purpose of determining design
quality, or aiding in the selection of design alternatives based on various criteria.
However, these approaches are often reliant on expert’s opinion (DQI and Learning Space
Rating System) or on quantitative performance data. Value Engineering offers a valuable
tool to support decision-making based on the functional performance of design elements.
However, elemental function analysis and other cost-oriented methods, focuses on design
elements, equivalent to system components, thus, failing to capture interconnections with
other elements or the functioning of the broader design.

In the military domain, Naikar (2013) proposed the use of the Abstraction Hierarchy to
evaluate design concepts at procurement stages, by exploring how different design
concepts supported and affected key functions. Furthermore, Jenkins et al. (2009) using
the AH model and identified functions and values, through expert opinions, evaluated
how newly design interfaces supported or hindered those functions, which provided a
platform to evaluate the effectiveness of design concepts. The proposed Pre-Occupancy
Evaluation (PreOE) intervention provides the means to evaluate different design
alternatives to understand the impact that those alternatives, including changes in
technological features, have on the system’s higher-level purposes and functions. Recent
applications deploying this approach focus on the model developed within the first phase
of CWA toolkit - i.e. WDA by means of developing an Abstraction Hierarchy of the
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systems under study (Stevens & Salmon, 2014; Beevers et al., 2016; Missen et al., 2017;
Patorniti et al., 2018; McClymont et al., 2018). Some of these, deployed quantitative
metrics, such as network metrics or social network representations, to model the impact
of physical changes in the system on the overall functioning. This would serve to
overcome the dependence on expert opinions of available front-end decision-making
approaches. In the context of designing a learning space, this approach has the potential
to test how different spatial designs and the features included within them affect the
functioning of the system. This can be valuable once the early design concepts and
documentation have been developed, as they would provide with a comparatively
objective metric on how each alternative hinders or supports higher level functions and
purposes.

In any case, as in the previous application, the development of the model remains a major
limitation for the adoption of CWA-Pre-OE, as developing an Abstraction Hierarchy
remains a challenging and time-consuming task (Naikar, 2013). However, the fact that
only the first phase of CWA, Work Domain Analysis, is usually applied to evaluate design
concepts, reduces the complexity of CWA. Another limitation is the lack of a standardised
approach to conduct these concept evaluations. Studies using quantitative metrics to
evaluate or assess design concepts with the AH are at an early development stage
(Beevers et al., 2016; McClymont et al., 2018; Patorniti et al., 2019), and therefore further
research is still required to ensure relevant metrics are used, and the validity of the
system’s performance assessment.

4.6.3. STS intervention 3: CWA and design processes
The CWA-Design Toolkit (CWA-DT) is a recent development of the traditional toolkit,
which focused on translating the analytical findings into design concepts and solutions,
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which is a frequent challenge faced by HFE practitioners (Read et al., 2015; Read et al,
2016; Goode et al., 2016). CWA-DT deploys different design methods to aid in
translating findings from CWA, like the use of personas, assumption crushing, situations,
events, leverage points, scenarios or sociotechnical principles. The use of CWA-DT has
been introduced within a series of participatory design workshops, involving stakeholders
and users. The workshops focused in early idea generation workshops, followed by aa
later series of concept evaluation and selection workshops. Based on the results from
these workshops, the toolkit has been considered valuable in generating ideas and
ensuring these are consistent with STS principles, including the joint optimisation of wellbeing and performance (Read et al., 2018).

Participatory design is a process that has been previously explored within the architectural
process, particularly in hospital design (Villeneuve, 2000; Remjin, 2006; FrontzcekMunter, 2014). In the case of these applications, the challenge has also been in bridging
the gap with the end-users as well as enabling their involvement in the design process
(e.g. mock-ups, use of plans, priorities or user testing). In those cases, the successful
application of participatory design was contingent on a skilful facilitator. A possible stage
in which CWA-DT could be used within architectural process is the value studies taking
place when early designs and concepts are being developed, for example, during design
charrettes and workshops with stakeholders and users.

Furthermore, for front-end design processes, which in the RIBA PoW would equate to
the stage 2 (Figure 4.4), CWA has been applied to generate ideas, by exploring
constraints, identifying design alternatives or designing broader systemic interventions
that can address the design problems at hand. For instance, based on their analysis of
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inter-modal transportation, Stanton and colleagues (2012) developed a set of
recommendations, both technical and social, to promote a higher usage of modal shifts.
Similarly, using various urban planner expert opinions and the findings from CWA,
Patorniti (2019) develops and proposes a number of high-street design concepts to address
those requirements. These concepts, propose the inclusion of different solutions,
including urban furniture, pathway design, and road design as well as changes on the
allocation of spaces to support or constraint certain functions, which are dependent on the
priorities indicated by the urban planner experts.

4.6.4. STS intervention 4: Post Occupancy Evaluation
As seen in Chapter 3, most dominant POE and learning space evaluation methods refer
to those that focus on measuring outcomes, primarily occupant satisfaction, and to a lesser
extent on qualitative methods (e.g. focus groups, workshops), which are shaped around
eliciting what works and what does not for the occupants (Pearshouse et al., 2009; Watson
et al., 2016). Questionnaires shine, in particular as a diagnostic tool, as they reveal
dissatisfaction with different functional and technical features for a relatively low-cost
(Preiser, 1995). In the case of qualitative methods, the topics featured in discussions
remain similar to those covered in the surveys, however, they have the potential to reveal
other underlying issues, albeit through a more time-consuming data collection and
analysis process. The outcomes from both studies are descriptive in nature. This leads to
a challenging process to translate these into valuable recommendations for future designs,
specially once the contextual nature of learning space design is taken into account. In
regard to evaluation, CWA models build upon existing systems. Although, as shown by
Jenkins et al. (2009), CWA enables to explore how alternative designs would affect the
functioning of the system, and therefore, in HFE it is considered a formative framework,
rather than normative or descriptive. In this regard, the rigour of the evaluation findings
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obtained through CWA models might be limited, in particular when compared with POE
methods focused on technical performance metrics.

As seen in the review, the design process for learning spaces, as well as the evaluation
process, are dependent on the context in which they are undertaken. In other words, they
reflect the intentions of those taking decisions around the design and evaluation processes
(Bligh and Pearshouse, 2011). The use of standardised POE methods, which cover a range
of functional and technical performance factors, in many cases include factors that are
not necessarily relevant to the HEI. Therefore, an exercise to define the dimensions and
factors to measure in each project, to build a more relevant evaluation with suitable
metrics and methods, has the potential to reduce cost, time, complexity and provide
pertinent information in a more effective manner (Riley, 2013). Read et al. (2014),
provide an example of a meta-application by developing an Abstraction Hierarchy, to
identify how the CWA toolkit could be develop further to support design processes
underpinned by STS values more effectively. As a result, a number of identified methods
are proposed to inform and develop the CWA-DT. In a similar manner, the application of
the Abstraction Hierarchy (AH), can be used to identify the priority values and functions
for a given construction project. This would enable the development of a targeted POE
strategy, including suitable methods, metrics, and performance benchmarks to address
the functions and values identified within the AH model.

4.6.5. Rationale for the investigated interventions

Within the scope of this thesis, two interventions, which refer to intervention 1
(establishing of design requirements) and intervention 2 (Pre-occupancy evaluation) are
further explored through the empirical work undertaken. The pursued interventions are
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justified in relation to the research gaps identified in previous chapters, as well as, which
of the proposed interventions potentially address these more effectively.

As showcased in chapter 3, while the research around POE in the context of learning
spaces and HE facilities has been quite fruitful in recent decades (Amaratunga and Baldry,
2002; Bordass and Leaman, 2005; HEFCE, 2009; Pearshouse et al., 2009; Riley, 2013;
Boys et al., 2014; Cleveland and Fisher, 2014; Ellis and Goodyear, 2016; UCISA, 2016),
the study of decision-making processes or evaluations in early stages of the design
process has been more limited (Lee and Tan, 2011; Boys, 2011; Cleveland and Fisher,
2014). In this context, the first three interventions have a higher potential than the later
intervention (POE), which focuses on the development of alternative methods of
evaluation of facilities in use. While, this still has value as demonstrated by the extensive
field of POE, particularly in assessing pedagogic activities (Bligh and Pearshouse, 2011)
was not considered within the scope of the thesis.

Another reason why interventions 1 and 2, where preferred refers to the proposed timing
of these on the project life cycle (RIBA PoW, 2020). In the context of VM (Chapter 2),
Kelly et al. (2015) propose the concept of ‘lever of value’, where the earlier project and
design related decision are undertaken, particularly those that define value for the client,
the most impact they will have over the construction project. The proposed interventions
1 and 2 should occur early in the design process, thus, offering the chance to maximise
the impact and influence over the remaining of the process and offering guidance in
decisions undertaken by the major stakeholders. The influence on design, as suggested
beforehand, it is a shortcoming faced by current POE models, which often collect data or
evaluate designs one year after occupancy (Bordass and Leaman, 2005). Moreover, the
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review on VM and MCDM methods highlighted the limitations in linking actual designed
solutions with the higher-level values, as these relationships are complex and
multifaceted (Mills, 2013; Riley, 2013). In this regard, the systems approach, and in
particular, the Pre-OE approach proposed in this thesis, which aims to explore the novel
application of network metrics to analyse the functional structure of a space offer a
quantitative and unbiased approach to understand and compare alternative design options.
This approach addresses an important gap in the functional analysis and MCDM toolkit
discussed in chapter 2.

On the other hand, intervention 3 focuses primarily on contributions to the design process
through a generative application of toolkits and solutions generated through the
application of STS principles. While this approach has potential in the architectural field,
and in particular addressing shortcomings found in the design of learning spaces, where
design decisions are often made following overly simplified associative models (e.g.
using metaphors and similar associations) (Boys, 2011), toolkits such as the CWA-DT
(Read et al., 2015) or the STS framework (Hughes et al., 2017), lacks the strong
theoretical underpinnings of CWA being applied as an analytical tool (Vicente, 1999;
Jenkins et al., 2009; Naikar, 2013; Patorniti, 2019). In this context, the application of
CWA-DT during the design, will be explored in following stages of the ongoing research
once AH models are developed and their value is examined within the context of ILS.
Thus, the third proposed intervention was not included within the scope of the thesis.

All in all, within the scope of this thesis, the first two proposed interventions are further
explored. Both interventions centred around the development and analysis of the
functional structure of the ILS, which is analysed as a STS. For this, the first phase of
CWA (i.e. work domain analysis) is applied to develop a systems model of an ILS. The
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following section provides an overview of the steps that need to be undertaken to
develop the AH model, serving as the theoretical framework for the empirical work.

4.7. Framework for the development of the AH model
As reviewed in table 4.4, the AH is a well-established theoretical framework used to
conceptualise the constraints that shape the functional structure of a system under
analysis, in this case an ILS. Within this thesis, as examined earlier in this chapter, the
AH is the framework chosen to conceptualise ILS as a sociotechnical system. This
section is dedicated to review and discuss the steps followed by previous research
(McClean, 2019; Naikar, 2019; Jenkins et al., 2009) for the development of AHs in
multiple domains. Within the steps the implications of applying the model to the ILS
context are discussed and established. Figure 4.4. showcases the steps commonly
followed in the development of AH models (Naikar, 2013).

Figure 4.4. Process for developing an Abstraction Hierarchy (AH) network. Adapted from Naikar (2013) & McClean et al.
(2019)
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4.7.1. Step 1: Establish aim and purpose of the model
The purpose of the AH, which guided the decisions taken in the thesis, is to develop a
model that can support the ILS design process, and can be applied to early design
processes, for example by offering insights that can inform briefing or that can serve as a
tool to assess the value and suitability of different design concepts. The application of the
AH in this research study, takes a bottom-up view of the hierarchy, in which the final aim
is to observe how different design decisions and concepts impact the higher levels of the
AH. Therefore, it is necessary to first establish the constraints at the top levels of the AH,
so specific design solutions can later be modelled at the bottom levels to then be assessed
and compared against other alternatives.

Jenkins et al. (2009) indicate that the AH is a valuable tool to think about existing systems,
particularly in two different ways; first, a top-down approach focused on re-thinking what
an existing system aims to achieve, and second, a bottom-up approach focused on
investigating what new technologies can afford in regard to functions and processes
within an existing domain (Figure 4.5). This research takes a bottom-up view of the
hierarchy, in which the final aim is to observe how different designs impact the higher
levels of the AH. Thus, the goal is to first establish the constraints at the top levels of the
AH, so specific design solutions can later be modelled at the bottom levels to then be
assessed and compared against other alternatives. The followed approach resembles those
seen in recent applications of the AH to assess urban systems, such as high streets
(Stevens and Salmon, 2014) or playground areas (Missen et al., 2017).
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Figure 4.5. Possible applications of the Abstraction Hierarchy. Adapted from Jenkins et al. (2009)

4.7.2. Step 2: Identifying limitations and project constraints
Naikar (2013), states the importance of reflecting on the expected project constraints, as
to better define the boundaries of analysis and level of detail to be included in the WDA.
The developed model is a first of kind, there are no examples of AH models in built
facilities, nor in a HE context. This implies challenges, particularly in regard to the time
required to build the model, as the analyst required time to gain familiarity with both the
WDA framework and the domain, which in this case was achieved through the extensive
review of the literature on HE learning design, including published ILS cases. Another
project constraint refers to the access and availability to data sources, particularly
stakeholders, and therefore, as a result the case-study was considered suitable for the aim.

4.7.3. Step 3: Define the boundaries of the system
In the research proposed in this thesis, the focus is to model the functional structure of an
ILS, rather than the entire campus or university estate. Thus, an important aspect is to
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define what is meant by ILS, and what spaces fall under this typology. In this research,
ILS are defined as ‘non-discipline specific spaces frequented by both staff and students
for self-directed learning activities and can be within and outside library spaces’ (Harrop
and Turpin, 2013 p.59). The considered spaces are those that remain under the
management structure of the HEI and excludes spaces designed for other primary
purposes different from study/learning (i.e. bars, sport venues, residence halls…).
Furthermore, those spaces primarily used for structured teaching and learning (i.e.
classrooms, lecture theatres…), as well as office space are also excluded from the
analysis. Finally, a set of constraints are also excluded in the model. These constraints
refer to factors primarily dependent on the project context and are not directly relevant to
assess the performance of the spaces in-use, nor are relevant to factors emerging from its
functional structure. This include traditional project performance dimensions such as,
capital expenditure, time of completion or issues related to the governance of the project.

4.7.4. Step 4: Identify the nature of the constraints

Rasmussen et al. (1994) offer a classification (Figure 4.7) of complex STS based on the
nature of the constraint shaping them, which can be classified on; 1) causal constraints,
also known as ‘hard’ constraints, which depend on natural and physical laws, and are part
of “Tightly Coupled Causal Systems” like nuclear power plants or manufacturing
production lines, and 2) intentional constraints, known as ‘soft’ constraints, which are
derived from social norms, conventions and values and are found in “Loosely Coupled
Intentional Systems” and “User Driven Intentional Systems” (Naikar, 2013).
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Figure 4.6. Taxonomy for characterising systems in the causal/intentional continuum (Naikar, 2013)

Based on the continuum, HEIs would be categorised as ‘Loosely Coupled Intentional
System’, therefore, the intentional constraints are more relevant than causal ones, in
shaping user’s and system’s behaviour. ILS, as spaces for self-directed learning, are a
clear example of a loosely coupled system, where behaviour is driven by values and
socio-cultural rules, but still constrained by the objects, technologies and spatial layouts
defined within the design.

The remaining steps in the process, which include the data collection sources and methods
deployed for the development of the abstraction hierarchy model are covered in detail
within the chapter 5 (Research methodology) in this thesis. Finally, the development and
validation of the AH model are covered in detail within the result chapters 6 and 7 in the
thesis.
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4.8. Chapter summary

The present chapter elaborates and discusses the rationale and relevance of STS design
frameworks within the context of HE learning space design. The method argues that HEIs
and campus developments can be understood as complex STS, as they share many
characteristics frequent in these. Furthermore, with the rationale established, the chapter
reviews and introduces two relevant system-oriented design frameworks, which based on
the previous applications, provide a good case for addressing some of the learning space
design shortcomings previously identified in the thesis. Finally, a discussion on how
CWA, one of the presented frameworks, of these methods approaches can be
implemented through the project lifecycle, as defined by the RIBA PoW (2020), by
proposing a number of interventions, which are underpinned by previous applications of
the toolkit.

In conclusion, the discussion presented above serves to establish the theoretical basis for
the empirical work on the thesis, as well as to provide a theoretical framework for the
development of the tools to assess ILS design concepts presented in later chapters.
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Chapter 5 - Research methodology
5.1. Chapter introduction
This chapter discusses the research methodology that underpins the research in this thesis.
For this, the research onion (Saunders et al., 2016) research design framework is
followed, which serves to structure and guide the choices underpinning this thesis. These
include, the research philosophy, logical approach, methods, and strategies utilised in this
thesis are discussed, which are underlined in figure 5.1. Finally, an overview of the
concrete data collection methods is presented at the end of the chapter and will be covered
in more detail in the following chapters, as they are deployed for the purpose of answering
the research objectives of this thesis.

Figure 5.1. Research Onion model (Saunders et al., 2016) and how it relates to this research.

5.2. Revisiting the research aim, questions and objectives
In chapter 4, a theoretical framework is discussed, in light of the problems identified,
which is underpinned by the discussion on the compatibility of STS theory, its principles
and frameworks, with the design process of ILS. The chapter serves as the basis to
elaborate the theoretical framework underpinning the empirical work undertaken in the
remaining of the thesis, and serves to establish the aim of this thesis as follows:
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To develop and explore the application of a framework, underpinned by sociotechnical
systems theory, to support front-end design and decision-making processes for higher
education spaces designed primarily to support self-directed learning.

Moreover, in chapter 4, several potential interventions are discussed by referring to
previous CWA applications and linked to the predominant project lifecycle framework
used in architecture; the RIBA PoW (2020). As a result, and as discussed in Chapter 4, to
address the research gaps on front-end design processes identified in Chapters 2 and 3,
this thesis focuses in exploring two of the proposed STS interventions – i.e. “Intervention
1: Informing and articulating design requirements” and “Intervention 2: Pre-occupancy
assessment of design concepts”. To address and explore these two interventions, three
general investigative research questions are established, which are presented as follows:

How can the complexity associated with the functional performance and design
requirements of ILS be articulated and conceptualised?

What are the functional constraints and factors that influence and shape decisionmaking and front-end design processes in relation to ILS design in HE?

How can decision-making processes be supported through the assessment of the
functional performance of various ILS design concepts in a systematic and comparable
manner?

Finally, to address the aim and questions, which focus on exploring the applicability of
the STS theory, and more specifically WDA, into the context of ILS design, five ROs are
articulated to guide and inform the research process. These are established as follows:
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•

RO1: To investigate existing HE learning space design and evaluation initiatives,
trends, and design solutions, in particular, those developed primarily for selfdirected learning.

•

RO2: To explore the suitability and applicability of STS design frameworks in
architectural design processes, and in particular, within the context of campus
developments.

•

RO3: To investigate and conceptualise the functional structure and performance
criteria underpinning ILS projects in HE.

•

RO4: To propose an approach to investigate and establish attitudes and views of
stakeholders involved in the design and decision-making process in the
development of ILS.

•

RO5: To propose and critically review the application of metrics that can aid in
assessing design concepts based on their functional appropriateness.

5.3. Research design

The research design is characterised by an array of choices that can be undertaken to solve
and investigate problems at hand. In this regard, an extensive literature exists around the
merits and demerits of research methods, approaches, as well as the suitability of these to
address different research questions and objectives. To guide researchers in this
endeavour, various research design models have been developed over years, which offer
an overview of the range of options and choices that should be considered (Blaikie, 2007).
For this purpose, within this section, three research design frameworks are compared and
reviewed, which include: ‘nested model’ (Kagioglou et al., 2000), the ‘research onion’
(Saunders et al., 2016) and the ‘choices’ model (Blaikie, 2007).
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First, the nested model developed by Kagioglou et al. (2000) guides the researcher
choices through three circular layers, which represent the research philosophy (outer
layer), research approaches (middle layer) and research methods (inner layer) (Figure
5.2). In this case, the outer layer concerns with the nature of knowledge and research
process. The intermediate layer guides the researcher through the approaches that can be
used to generate that knowledge (e.g. action research, case-study, cross sectional
design…). Finally, the inner layer guides the researcher on their choice of means and
methods used to collect data (e.g. interviews, questionnaire, focus group,
observations…). While the nested framework offers a straightforward and simple three
step guide to research design. However, as result of its simplicity the model favours the
practicalities of research methods over the broader questions regarding research
philosophy.

Figure 5.2. Nested research design framework. Adopted from Kagioglou et al. (2000)

The second framework refers to the research onion proposed by Saunders et al. (2016)
(Figure 5.1.). The framework is represented in a similar manner to the nested approach
(i.e. circular layers representing an onion), although instead of three layers the model
includes six different layers. From the outer to the inner these include
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paradigms/philosophy, research approach, research strategy, choice of methods, time
horizons, and data collection/analysis methods. The model, using the metaphor of the
process required to peel an onion, guides the user layer by layer in the research design
process.

The final model reviewed refers to Blaikie’s (2007) ‘choices’ framework. According to
the model it is necessary that researchers make some basic choices in carrying out a
research project. As represented in Figure 5.3., research paradigms and strategies are
interrelated with the research questions and aims of the study. Due to this relationship, it
might be required by the research to move across these before making the final research
design choices. The options available to the researcher are represented to the sides
(connected to the categories by horizontal arrows). This method suggests a close relation
between the research questions and objectives, and the research philosophies that might
not be so clearly represented by the layer models. The model, however, does not address
the choice of methods in its representation, as well as seemingly being mostly appropriate
for a mixed methodology approach.
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Figure 5.3. Research choices framework. Adopted from Blaikie (2007).

Within this thesis, the research onion framework was selected to guide the research design
(Figure 5.1.). Bryman (2012) indicates that the approach offers a structured and adaptable
framework which can be applied by multiple academic disciplines, including
management and social science research. Thus, the framework is considered appropriate
for the topic addressed in this thesis (i.e. decision-making processes for the design of
learning spaces). Furthermore, it provides a strong visual aid to guide the design choices
made in the thesis, as well as offering an intuitive approach to structure the research
methodology discussion within the present chapter.

5.4. Research paradigm
While often remains overlooked, whenever research studies are conducted, including
those in AEC management, investigators unavoidably start from an assumption of how
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the world and reality are (i.e. ontology), and how can we come to understand there (i.e.
epistemology). Research philosophy concerns with both, ontology and epistemology.
While research philosophies do not provide answers to research per se, they are valuable
in guiding the direction of research and providing justification for the actions taken. The
classic divide refers to positivist and constructivist positions. The former advocates for
the use of natural science’s methods to social science research, entailing that an objective
reality exists, independent on social actors, which can be observed. While the later,
indicates that reality is subjective and socially constructed, thus, advocating for
alternatives methods to those in natural sciences, that can interpret the subjective
meanings that shape social action (Bryman, 2012). Vischer (2008) discussing theories on
the built environment, in particular user-related theories, positions these in a similar
spectrum, where the ‘environmental deterministic’ view of the built environment is
positioned on one extreme, while the ‘socio-constructivist’ one is positioned on the
opposite (Figure 5.4).

Figure 5.4. Continuum of user-related theories in the built environment. Adapted from Vischer (2008)

The deterministic view is the most prevalent perspective in built environment research,
which focuses on addressing the measurable impacts and outcomes of the built
environment onto its users, in particular occupant satisfaction; ‘(environmental
determinism) posits that user satisfaction is a meaningful and measurable behavioural
response to features of the physical environment’ (Vischer, 2008 p.232). Therefore, the
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determinist perspective shares an epistemological position with the positivist research
paradigm. On the other hand, socio-constructivist approaches indicate that behaviour is
shaped predominantly by social and cultural norms, where the built environment’s role is
dismissed or reduced to a symbolic level. The socio-constructivist perspective, thus,
shares the epistemological view of the constructivist research paradigm. Vischer (2008)
also reviews a number of alternative views of the built environment, which are placed
somewhere along the continuum (Figure 5.4). These include views of spatial-human
relation as, observable ‘behavioural settings’ (post-positivist perspective), systems of
interrelated parts (a non-deterministic perspective) or as built from the individual
perceptions of place (phenomenological perspective).

In particular, in this thesis, as reviewed in chapter 4, the designed built environment is
viewed as part of a system compounded by users, technologies, culture, social norms and
broader organisational processes. Therefore, the aim is to conceptualise these interactions
occurring between the occupants and the environment and the occupants, and between
occupants themselves. A STS approach, being underpinned by systems thinking, can be
placed somewhere along the ‘deterministic-constructivist’ continuum. When comparing
with the paradigms on the sides, there are four differentiating characteristics common
across theories underpinned by systems thinking (Read et al., 2013):
•

The concept of emergence, which refers to phenomena produced by the
interactions and non-linear relationships between components. These
phenomena cannot be understood or predicted by observing individual
components’ behaviour alone.

•

Systems approaches recognise that performance and behaviours are variable
within the system and within its components. They aim to describe a wide
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range of behaviours, rather than forecasting limited and precise behaviours,
acknowledging that unanticipated behaviours are common and will still
happen.
•

Systems approaches recognise the dynamic nature of systems, as these evolve
over time. Viewing systems as an ever-changing process, rather than a
finalised product.

•

They conceptualise systems as hierarchical structures. These approaches
consider not only the physical or technical, they also take into consideration
the different levels shaping organisations – i.e. culture, social structures,
regulations, policies or strategies.

An alternative research paradigm, which was developed as a reaction to the
aforementioned divide, refers to pragmatism (Saunders et al., 2016). Pragmatist
researchers indicate that both constructivist and positivist epistemologies can result in
acceptable knowledge depending on the research problem or research question to be
addressed. Therefore, in the pragmatist view, questions of ontology and epistemology are
secondary to the research question (Creswell, 2009). Furthermore, as reviewed on chapter
4, the conceptual framework to be explored was developed within the field of HFE, an
academic discipline were the knowledge and the methods developed are pragmatic in
nature, as they evolved over time to address issues encountered in the design of humanmade systems (Dul et al., 2012). Therefore, the HFE is largely a pragmatic discipline,
where it has drawn from both the positivist perspective, as showcased by its focus on
evidence and systems engineering, as well as by the constructivist learning paradigm, as
showcases by practices such as user co-design, adaptability, and humanistic principles of
STS theory.

109

Chapter 5 – Research methodology

All in all, to explore the applicability of STS frameworks to the design of ILS, a
combination of the positivist and interpretivist research positions are considered
appropriate in order to address the aim and objectives stated above. Therefore, the
researcher is adopting a pragmatist epistemological orientation.

5.5. Research approach
In the research methodology model (Figure 5.1), the next stage, refers to defining the
approach followed. The logical approach is used to explain the interplay between theory
and empirical data within research. While there is no original research nor theory, that is
solely underpinned by either data or theory, depending on the level to which these inform
the research, three logical approaches can be identified, the inductive (i.e. Theory
generation), the deductive (i.e. Theory testing) and the abductive (i.e. Theory elaboration)
approaches (Ketokivi and Choi, 2014).

Following the inductive approach, the researcher, by observing the experiential world,
builds theories grounded on the data collected and the relationships perceived. In this
case, theory still plays a role, as to identify research problems and acknowledge previous
work, however, the researcher emphasises the analysis of the collected data. In the case
of the deductive approach, the researchers follow a logical reasoning, where a theoretical
framework and logical hypotheses are elaborated, which are underpinned by existing
theory. These hypotheses and conceptual frameworks are then tested or questioned
against empirical data. In most cases, the deductive approach is closely linked with
positivist paradigms and quantitative methods, where the hypotheses can be tested
through statistical analysis (Gill and Johnson, 2010). In general, inductive approaches are
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valuable to explore domains and problems which have not been extensively researched,
while deductive ones work more effectively when there is extensive literature, that can
be used to develop a robust theoretical framework and hypothesis for testing (Saunders
et al., 2016).

The abductive approach, which is the one followed in this thesis, combines both the
inductive and deductive logic throughout the inquiry process (Järvensivua and Törnroos,
2010). The abductive logic has previously been applied in developing existing theories
further, by exploring their validity in new contexts, which has been applied in particular
within case-study research (Dubois and Gadde, 2002; Ketokivi, 2006). Moreover, the aim
of this thesis is to explore and critically review the application of STS theory and design
frameworks to support current HE learning space design processes. Following this logic
STS serves as a theoretical framework to inform data collection and analysis, while still
there is a large component that is context specific, which generates knowledge resulting
from the data. Therefore, the overall logical approach followed in the research design is
abductive, resulting from the combination of deductive and inductive studies to tackle the
established ROs (Figure 5.6). Therefore, the research does not aim to generate new
theoretical frameworks per se, but to expand existing theory (STS and CWA) by
exploring its relevance in a novel context, the design of learning spaces, where a set of
underlying concepts prevail. This provides an opportunity, not to only explore new
approaches in the learning space design field, but also to further develop the applied
theoretical framework (CWA), via cross-disciplinary research in domains different to
those frequently explored by the HFE discipline (Naikar, 2017).
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5.6. Research design strategy
The research strategy refers to the general plan established by the research to address the
objectives of the study (Saunders et al., 2016). In this study, two primary research designs
are utilised: a case-study and a cross-sectional study. In the following section, the
rationale for the selection of the two strategies is further discussed.

5.6.1. Case-study design
Yin (2014) indicates that case-study research is in particular valuable to explore situated
and context dependent complex phenomena. Case-study largely developed as a response
to the limitations of quantitative studies, particularly as to provide in-depth explanatory
accounts of social problems. According to Yin (2014), case-study are a particularly
valuable to solve ‘how’ or ‘why’ questions. In the context of this research, where the aim
is to develop an AH model to conceptualise how HEIs design and develop ILS, casestudy research is considered appropriate.

The main advantage of case-study research, in particular when qualitative methods are
deployed, is the view of the problem in its entire context. This allows to collect richer
data, which avoids isolating potential confounding factors, as experimental or crosssectional strategies (Zainal, 2007). Thus, when analysing systems, in particular highly
intentional ones, this is, those shaped primarily by people’s perspectives rather than
natural laws, the acknowledgement of complexity and avoidance of focusing on specific
components remain key characteristics. Therefore, it is not surprising to find that caseresearch is often featured and recommended for studies underpinned by systems thinking
(Laws and McLeod, 2004). Some examples include the study of crowd safety in London
Olympics (Davis et al., 2014), risks in construction megaprojects (Boateng et al., 2016)
or urban planning and street design (Stevens and Salmon, 2014; Patorniti, 2019). In these
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contexts, the studied phenomena, for example safety, is not be attributed to a single cause,
but rather seen as a complex phenomenon that emerges from the interaction of many
factors, including culture, organisational processes, infrastructure and technology (Davis
et al., 2014).

While case-study research enables to explore phenomena in-depth in a naturalistic
manner, the main argument against it revolves around the lack of basis for generalisation
(Flyvbjerg, 2006). Ketoiviki and Choi (2014) indicate that good case-research should aim
for a duality criterion of both being ‘situationally grounded’, as well as seeking a ‘sense
of generality’. They showcase this through an example of a case-study on the supply chain
of a given company. The research should not just be about the company’s supply chain,
but it should also aim to infer structural patterns that influence supply chains beyond that
given company. In order to address the issue of generalisation and theoretical expansion
from case findings, Dubois and Gadde (2002) suggest the systematic combining of theory
with case-study research, more so than simply following the inductive approach. In this
thesis, the systematic combining suggested by Dubois and Gadde (2002) reflects the
approach taken in applying WDA to the context of ILS design (Figure 5.5), where 1) the
investigated case - an ILS development programme at UK based HEI -, 2) the framework
- the Abstraction Hierarchy -, 3) the theory - learning space design, design quality and
value, and STS theory -, and 4) the empirical world - published guidelines and casestudies over last 20 years - are integrated to generate findings that can be generalised.
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Figure 5.5. Systematic combining of case-study for the research study (Dubois and Gadde, 2002)

Another important consideration in case-study research is the sampling of case or cases
(Yin, 2014). The first point of consideration refers to both the use of single or multiple
case-study, and the second around the focus of the analysis, being a holistic analysis of
the case or being a number of units within the case. In this thesis, the single-case holistic
approach is chosen to develop the conceptualisation of the model (chapter 6 and 7), while
the testing of the methodology (chapter 9) utilises three concrete ILS designs within the
case, therefore, following a single-case embedded design. Furthermore, the sampling of
the particular case is often dependent on the characteristics of the selected case(s).
According to Yin (2014), single-case study research is most appropriate in five cases; (1)
the ‘critical case’ commonly used to test a theory on a case that can confirm or challenge
hypotheses and propositions, (2) the ‘extreme or unique case’ where an extreme or rare
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phenomenon might be the focus explored (e.g. a rare illnesses), (3) the ‘typical or
representative case’ where the aim is to explore circumstances and conditions of more
common phenomenon (e.g. a manufacturing industry, a neighbourhood…), where the
lessons learned are considered informative or representative of other similar cases, (4) the
‘revelatory case’ which enables to explore a phenomenon that was not possible to be
explored beforehand, and (5) the ‘longitudinal case’ aimed to explore a single or few
cases to observe the evolution or changes over a period of time. In the present thesis, the
case of the ILS development programme undertaken at Heriot-Watt University was
concluded to be a representative case, valid for developing a comprehensive and general
model, that while underpinned by its context, was considered to be representative of ILS
developments undertaken at other HEIs in English speaking countries. This was
concluded following the review of short, published cases undertaken in chapter 3 and
found in the Appendix A (Table A.1).

Some other difficulties of case-study research involve the length and complexity
associated with it, which can result in large amounts of data, and the needed rigour to
avoid findings being affected by vague evidence or researcher bias (Zainal, 2007). To
deal with the first issue, Yin (2014) indicates that a key focus on case-study research is
to determine the boundaries of the analysis and the phenomena to be study, by elaborating
clear research objectives and questions specific to the case-study and linked with the
overall aim of the research. Similarly, Bono and McNamara (2011) indicate that single
case-study design can easily be flown, and therefore, they indicate the need for strong
research design. In order to avoid flawed research due to bias or vague evidence, case
study research should be informed by multiple data sources, this process is referred to as
triangulation of empirical data. In the given case, together with the systematic combining,
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the research-design is complemented by the use of various data sources, including the
analysis of project briefing and technical briefs of two of the projects, general institutional
documents, which included minutes of relevant committee meetings, policies and
strategies, and a series of semi-structured interviews. The data collection and data analysis
methods for the development, validation, and the conceptual application of the STS for
the research aim and objectives are discussed in detail within the thesis chapters 6 and 7
respectively (Figure 5.6).

5.6.2. Cross-sectional design
Cross-sectional design, also known as survey design, refers to ‘the collection of data on
more than one case (…) to collect a body of quantitative or quantifiable data in
connection with two or more variables (…) examined to detect patterns of association’
(Bryman, 2012 p.56). The approach as indicated in the definition is frequently associated
with quantitative research strategies, and generally associated with questionnaires.
Furthermore, survey design is valuable to investigate a large population of cases around
a number of defined variables. Survey design is valuable to address questions of ‘what’,
‘how many’ or ‘how much’, which aim to describe or reveal the prevalence of a
phenomenon within a certain population, for instance, revealing political attitudes of the
population (Yin, 2014). In the MCDM field, reviewed in Chapter 2, questionnaires and
survey research is a commonly utilised method to reveal stakeholder attitudes around a
set of criteria, and to quantify their preferences and provide weightings for potential
alternatives (Saaty, 1996; Saaty and Vargas, 2013). This thesis aims to address the
attitudes and perspectives of different stakeholder groups around the design and
development of informal learning spaces in HE. In order to address this objective, crosssectional design is considered the most suitable research design. This forms part of the
study undertaken in chapter 8 of this thesis.
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5.7. Choice of methods
Within the choice of methods layer (Figure 5.1), the focus is in determining the suitability
of single-method or a multi-method approach, as well as the choice between quantitative,
qualitative, or the combination of both within a mixed-method approach. The choice of
methods is a consideration closely linked to the previously discussed research paradigms,
logical approaches, and research strategies (Saunders et al., 2016).

Qualitative methods are linked to the constructivist paradigm to generate knowledge and
are closely linked to the inductive approach (Creswell, 2009). They seek to explore
research problems to increase the understanding of a phenomena, with the aim of
generating new theoretical perspectives. The methods serve to elicit individuals’ views
and seek patterns that enlighten meanings and causes behind various social phenomena
(Fellows and Liu, 2015). Qualitative methods, therefore, are linked with dialectics, thick
descriptions or narratives. Some common methods in this category include in-depth
interviews, focus groups, workshops or ethnographic accounts. Some of the advantages
of qualitative methods is the richness of the data, which in its raw form is generally
collected through interviews or detailed observations by the researcher. These approaches
are particularly valuable when exploring novel or under-researched problems, as they
enable the investigation of individuals’ views and underlying beliefs, as well as enabling
to cover a broader scope of topics or issues than those planned by the researcher.
However, some of their limitations, include the difficulty in analysing the data, largely
due to the amount of ‘raw’ data collected through these. Furthermore, qualitative methods
can easily introduce a bias in both the data collection and the analysis, and therefore, the
reliability of this method is often questioned (Fellows and Liu, 2015).
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On the other hand, quantitative methods are closely linked with the postpositivist
paradigm and are often methods deployed in deductive inquiry, this is, in theory testing
(Creswell, 2009). Research utilising quantitative approaches tend to apply methods which
focus on measurement and quantification, for instance, survey questionnaires, structured
questions, structured observations or experimental designs. Some of the strengths of
quantitative research refer to the objective nature of the methods, which aim to minimise
any potential bias in the data collection instruments and conduct its studies in an
unobtrusive manner. Furthermore, quantitative methods allow for addressing a large
sample of the population for a relatively low cost and enables findings and measurements
to be more easily replicated and compared across respondents (Riley, 2013). Therefore,
reliability and validity of results can be more easily be established in quantitative inquiry,
which is one of the reasons that has made quantitative methods the preferred option in
built environment studies (Vischer, 2008; Pearshouse et al., 2009). Some of the major
disadvantages of quantitative research include its limited scope, generally narrowed to a
reduced number of variables to be measured, which can limit or fail to capture potential
confounding variables. Furthermore, the quality of results is dependent on the data
collection tool deployed, which should be designed to avoid any bias and to be clearly
understood by respondents (Fellows and Liu, 2015).

All in all, qualitative and quantitative approaches have some merits as well as limitations.
Following the pragmatic paradigm, the choice of methods should be based on considering
their appropriateness to address the research aim and objectives at hand. This is seen as
an alternative to single method approaches which are restricted by to single ontological
and epistemological paradigms. Therefore, in studies underpinned by a pragmatic
epistemology it is common to deploy mixed-method approach, combining qualitative and
quantitative methods. Mixed methodology is a commonly accepted approach in built
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environment research, in particular among studies that investigate the occupant or client
perspectives on building performance (Amaratunga and Baldry, 2002; Abdelrahman,
2010; Riley 2013; Watson, 2016). Furthermore, the use of a mixed-methodology serves
to address limitations of mono-method approaches as ‘(…) our individual methods may
be flawed, but fortunately flaws are not identical. A diversity of imperfection allows us to
combine methods (…) to compensate for their particular faults and imperfection’
(Tashakkori and Teddlie, 1998, p.40). This is signposted by the concept of
methodological triangulation, which is one of the four approaches to triangulation; data,
investigator, theory and methodological. In this manner, the research’s reliability and
validity of findings can be established.

A mixed-methodology study can be organised in different ways, combining both
qualitative and quantitative methods in an equal, or in a dominant/less-dominant manner.
It can also be structured sequentially, where a qualitative phase is followed by a
quantitative one or vice versa, or in a parallel manner, where quantitative and qualitative
inform the same phase of the analysis (Tashakkori and Teddlie, 1998). The sequential
approach is common in social sciences, where a qualitative phase enables the in-depth
investigation of relatively under researched topics, such as the design of ILS in HE, and
serves to develop instruments or frameworks that can be deployed in a second phase
through quantitative methods, such as a questionnaire. Recent studies in building
performance measurement have deployed a similar sequential approach to develop and
test novel frameworks, such as performance in co-location projects (Abdelrhaman, 2010),
or exploring the use of Social Return on Investment on healthcare facilities (Watson,
2016). Considering the aim of the thesis, the selected approach is a sequential mixed
method, with an initial phase shaped predominantly by qualitative methods (Chapters 6
& 7), followed by two quantitative phases that run in parallel, one focused on establishing
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stakeholder attitudes (Chapter 8), while the other focused on the numerical assessment of
design concepts (Chapter 9). Creswell (2009) indicates the need to provide a rationale for
the choice of methods and the mixing of these. In this chapter the overall rationale for the
research design has been provided, while at each of the following chapters in the thesis
the rationale for the choice of particular methods and analysis will be further discussed.
Another best practice in mixed-method studies indicated by Creswell (2009) refers to
showcasing, through figures and diagrams, the procedure of the study (Figure 5.6).
Moreover, the research design diagram has been used to signpost and locate each of the
results chapters in the thesis.

5.8. Research methods
As mentioned above, the -present study is a sequential mixed-method approach,
therefore, the study is divided in 3 primary phases, which build upon each other. The
following section offers a discussion of the particular methods deployed at each of these
stages.

5.8.1. 1st Phase of Study: Model development
This phase comprises chapters 6 in the thesis. This refers to the development of the AH
model of an ILS. As reviewed above, it uses a case-study approach to achieve this
purpose. In the following section the data collection and analysis methods used to develop
the AH are presented. The constraints included in the model are divided into the higherlevel constraints, which involve wider criteria and purposes of the space, and the lower
level constraints, which refer to the concrete objects and physical form, and their
associated affordances (Jenkins et al., 2009; Naikar, 2013). Initially, to gain a broad
understanding of the domain, an extensive literature review on learning and campus space
design and evaluation was conducted. To ensure the model, at its higher purpose and
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levels, reflects broadly the functional structure of an ILS, the sources of information have
also included several design guidelines and reports developed within the HE sectors,
which have been reviewed in chapter 3 (Appendix A). To develop an AH, multiple
sources are recognised as acceptable. Jenkins et al. (2009) indicate that data sources
required to develop an AH are generally diverse ones. Furthermore, these are different
sources might be appropriate to model the lower and the higher levels of the AH, and
therefore, in this section the sources for these are further specified.

‘Information sources are likely to include, among others: Engineering documents (if the
system exists), the outputs of structured interviews with SMEs (Subject Matter Experts)
and the outputs of interviews with stakeholders. The lower levels of the hierarchy are
most likely to be informed from engineering and manuals capturing the physical aspects
of the system. The more abstract functional elements of the system are more likely to be
elicited from stakeholders or literature discussing the aims and objectives of the
system.’ (Jenkins et al., 2009 pp.28-29)

Higher level constraint identification: Functional purposes, criteria and generalised
functions

Following previous recommendations and guidelines for the development of Abstraction
Hierarchy models (see quote above), subject matter experts were considered the primary
source of data for developing the model. In the case-study, subject matter experts were
identified as stakeholders with involvement in the design processes and projects
undertaken in the HEI. This included stakeholders from various departments, both
academic representatives, as well as campus and professional services in the university.
When it comes to collecting qualitative data from SMEs to develop the AH, three
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approaches have predominated previous model developments: document analysis, focus
groups and semi-structured interviews (Naikar, 2013; Jenkins et al., 2009).

Document analysis is a frequent data source in most existing model developments. This
includes engineering drawings, technical documents, manuals, as well as industry/sector
guidelines and similar documents around the system to be modelled. This approach has
been prevalent in the development of causally constrained systems, such as the modelling
of nuclear power plants (Rasmussen et al., 1994; Vicente, 1999; Naikar, 2013). However,
it has also been used as a source of data and information for the development of more
intentionally constrained systems, such as those in the military domain (Jenkins et al.,
2009) or in urban planning (Stanton et al., 2012; Read et al., 2015; Stevens and Salmon,
2014; Missen et al., 2017). Documents are particularly important in identifying the
constraints at lower levels, but they can also reveal important information around values
and missions of organisations which might be shaping these domains (Naikar et al., 2017).
All in all, in the given case, this source of data was collected in the form of existing design
reports from the ILS projects, as well as, in the form of the institutional strategy and
recordings from committee meetings (e.g. minutes). This data source, however, has some
important limitations. First, it is not purposefully sampled for the given research and
might not reflect the requirements necessary for the development of the model, thus,
resulting in important constraints not being included (Bryman, 2012). Moreover, within
an intentionally driven system, such as an ILS, the human values and criteria established
at higher levels might not be clearly reflected in these types of documents, therefore,
requiring an account from the stakeholder themselves (Naikar, 2013).
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In this regard, two approaches are common to directly involve stakeholders. First, a focus
group or workshop approach, were a group of stakeholders are involved in developing
and agreeing upon a single model (Jenkins et al., 2009; McLean et al., 2019). The man
benefit of focus group or workshop style model development is the common agreement
of the contents. The exercise is often used to refine an early model developed by the
researchers, where stakeholders have the opportunity to discuss the constraints included
in the model. However, the approach has some limitations, where focus groups can lead
to rich discussions, they can also showcase a predominant focus on certain stakeholder
perspectives which dominate the discussions (Bryman, 2012). Alternatively, interviews
are frequently used when different perspectives are to be integrated in the abstraction
model. The integration of stakeholder specific constraints and perspectives is what Naikar
(2013) refers to as ‘object worlds’. The term object world refers to a phenomenon
observed in engineering design studies, where participants had different perspectives on
the design of an object/artifact. These perspectives depended largely on the specifications
and criteria, where different stakeholders focused on different subsets of attributes
(Bucciarelli, 1988). Therefore, the use of interviews has been common in urban planning
related models, where multiple stakeholders are involved in decision-making, design and
usage of these systems (Patorniti et al., 2018; Read et al., 2015). In this thesis, the primary
data source of the case-study refers to a set of 15 semi-structured interviews with
stakeholders involved in the development of ILS projects in the HEI under study. The
stakeholders were selected from different departments/roles, which involved library
services, ICT services, estates and campus services, the academic perspective, as well as
the perspective of external design consultants (i.e., architects) involved in some of these
projects. Semi-structured interviews were considered the most suitable approach, as it
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would enables object worlds (i.e., stakeholder vies and perspectives) to arise in the
analysis of the given case.

The interviewees were sampled following a combination of purposive and snowball
sampling (Tashakkori and Teddlie, 1998). An initial sample of stakeholders was
elaborated based on their expected involvement in the development of ILS, which
included academic and estates stakeholders. This initial cohort was sampled through a
purposive sampling approach. Furthermore, following the interviews and initial contact,
a number of stakeholders were further identified and contacted on the basis of their
involvement through the design process of ILS, the sampling of those followed a snowball
sampling approach and were based on the recommendations from interviewees. The
questionnaire developed and used as a guideline during the semi-structured interviews is
included in the appendix B.1.

The research obtained the approval from the EGIS ethics committee prior to undertaking
interviews or reviewing any private documents. To ensure compliance with the ethics
approval, while the expected outcomes and topics covered were not considered
particularly sensitive, interviewed stakeholders were still informed of the aims of the
study, as well as their rights in regard of participation and withdrawal, before
commencing the interviews and at the debrief. Furthermore, the researcher requested the
signed approval for recording, transcription and for the right of utilising quotes in an
anonymous form. The interview audio records were safely stored utilising university
enabled information systems, as recommended by HWU data management policies for
medium risk rated data. All interview transcripts were transcribed and coded in
concordance to keep participants anonymous. The document presented to stakeholders at
the beginning of each interview can be found in the appendix B2.
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Finally, the semi-structured interviews were analysed and categorised through a coding
approach similar to that highlighted by Auerbach and Silverstein (2003), where a set of
predefined constructs, themes or categories are used as the basis for the coding. These
constructs were established by the theoretical framework, which in this research, refers
to the WDA framework (Vicente, 1999; Naikar, 2013) and the different levels and
categories in the abstraction hierarchy developed. The full analysis and resulting initial
model are presented in Chapter 6.

Lower levels of the AH: Physical objects and affordances

The lower two levels of the AH (i.e. Physical objects and their functional processes and
affordances), which are modelled based on the specific design solution are modelled
separately. First developing a database of the possible physical form and technologies,
and their possible affordances, developed primarily though the review of published
informal learning space (ILS) case-studies. This approach to define the content of the
bottom two tiers of the abstracted, is again informed by those followed in recent studies
of urban systems such as, streets (Stevens and Salmon, 2014) and urban playgrounds
(Missen et al., 2017). In those previous cases, the modelling of all possible objects and
their related processes, was the basis to build an ideal urban system (Stevens and
Salmons, 2014, Missen et al., 2017; Patorniti et al., 2018). However, in this thesis it is
argued that there is nothing like an ideal model when it comes to ILS as this is
contingent on the priorities of the HEI, and its existing campus space provision.
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5.8.2. 2nd phase: Validation through a modified Delphi approach
The Delphi method, originally developed in the 60s as a method for forecasting, is a
survey approach utilised to explore subject matter experts’ (SME) opinions with the aim
to seek consensus through a series of data gathering rounds (Linstone and Turrof, 1975).
The method is characterised by its systematic data gathering structure, the anonymity
among participants in the panel, and its iterative nature, which allows to progressively
build consensus by combining results from previous rounds (Krishnaswamy et al., 2009).
The Delphi method can be defined as:

‘A survey technique for achieving consensus among isolated anonymous participants
with a controlled feedback of opinions. This method is the application of the expert
opinion to problem solution, problem identification, or the temporal location of a
problem.’ Krishnaswamy et al. (2009, p59)

The two most common methods of data gathering within Delphi study include 1)
questionnaires featuring variables for appraisal by subject matter experts, and 2) in-depth
interviews. In the later, the approach commonly employs a single round of interviews,
where a feed-forward process across sessions is deployed. This is, respondents are
presented with the outcomes resulting from previous sessions, as to achieve an emerging
consensus (Gordon, 2003). Linstone and Turrif (1975) enlist a series of application for
which Delphi had been applied. This list included problems such as structuring
frameworks and models or understanding complex social phenomena. Thus, it is not
surprising that Delphi studies have been used in systems thinking research, including
validating different models, such as cases on systems dynamics (Abdulrahman, 2010;
Kolar, 2017). Furthermore, the cases for which Delphi is a valuable method, include:
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‘The problem does not lend itself to precise analytical techniques but cart benefit from
subjective judgments on a collective basis (…) individuals needed to contribute to the
examination of a broad or complex problem (…) may represent diverse backgrounds
with respect to experience or expertise.’ Linstone and Turrif (1975, pp.4-5)

With this in mind, it appears that the Delphi approach can be employed as a method to
validate and refine model developed, such as the Abstraction Hierarchy.

Purpose and objectives of the Delphi study
Loo (2002) suggests that in preparation for a Delphi, it is first necessary to clarify the
purposes and objectives of the study. Following Naikar (2013) and McLeod et al. (2018)
process for developing an AH model of a system, the study aims to cover the last two
steps in that process, this is, refining and validating the model. In order to achieve this,
the following objectives are expected to be addressed through the proposed Delphi study:

•

To review that the model proposed, and the different tiers can be used to represent,
functional purposes, criteria and general functions taking place within ILS.

•

To review and examine the constraints included at the different levels, and if
needed, establish, modify or remove constraints.

•

To establish means-ends connections across the top 3 levels of the model, that
represent the logics from major stakeholders involved in development and
management of ILS, and that are consistent with the logics of the framework.
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For the validation and refinement of the AH developed in chapter 6, the modified Delphi
study followed in this thesis, combines both a first round of in-depth interviews, followed
by a questionnaire survey to establish the means-ends links. The first Delphi round,
resembles the approach proposed by Gordon (2003), involving a series of in-depth
interviews.

Determining the panel
The Delphi approach involves identifying the opinion of a group of participants forming
a panel of experts in the issue under investigation (Loo, 2002). The participants are
generally selected by their experience, capacity to criticise the presented problem, and
availability. In Delphi approaches, where the in-depth interviews are used as a method of
data collection, the selection of stakeholders does not follow a statistical sampling
approach (Ziglio, 1996). In a normal Delphi method, where a survey questionnaire or
similar is used, Ziglio (1996) suggests the selection of panels of 10 stakeholders, however,
in cases where in-depth interviews were used panels of 3 to 5 participants have proven
adequate for validation (Abdelrhaman, 2010). Within the given phase, a three round
approach is conducted, which involved 4 stakeholders. Two primary rounds were
undertaken in the modified Delphi, one to validate the content of the model and the second
one to determine the means end relations within the AH model. The detailed Delphi study
and the results are detailed and discussed within chapter 7.

5.8.3. 3rd phase: Quantifying and prioritising stakeholder perspectives
The final data collection phase pertains the quantitative part of the study. These requires
the collection of data that enables quantification (i.e. how much…) across various
variables, and on a wider sample population (Bryman, 2012). The most common

128

Chapter 5 – Research methodology
approach used in collecting this data refers to questionnaires, which in the given case is
the selected option. The attitude of stakeholder towards criteria and purposes is
inherently a qualitative variable. In this regard, survey questionnaires commonly deploy
a scale, commonly a Likert-scale, where values (i.e. 1-5, 1-7…) are attributed to a range
of variable (e.g. disagree – agree). This enables to establish statistical analysis and find
patterns within data (Bryman, 2012). In the given case, as established earlier in the
section, R04 and R05, revolve around quantifying stakeholder attitudes, though an
MCDM approach like ANP, as well as, establishing metrics that can be use to assess
different learning spaces. Two scales types of questionnaires are available to collect
input data for an ANP model; pairwise comparison (Saaty and Vargas, 2013) and Likert
scale questionnaires (Kallas, 2011; Middlehurst et al., 2018). Both approaches are
presented and discussed below to justify the final choice of Likert scale used in the
study.

Pairwise comparison questionnaire
Within the ANP approach, at each node in the network/model, a matrix is developed to
reflect the opinion and comparisons made by the decision-maker (Ishizaka and Labib,
2009). For example, within the AH model used within this study, at the higher level the
purposes and criteria are compared in matrix against the higher of overall performance.
Based on the developed model, this process, of developing pairwise comparison matrices,
which utilise questionnaire data from each response as an input. This way, it is possible
to aggregate responses to determine the overall priorities per stakeholder group. In ANP,
Saaty (1996) indicates that the pairwise comparison matrix should be developed using a
scale of 1 to 9 (Table 5.), this scale is found in the majority of ANP applications.
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Table 5.1. Scale and Description recommended for ANP pairwise comparisons (Saaty and Vargas, 2013)

Scale Used in the Pairwise
1 – Equal Importance

Description
Two factors criteria contribute or are
equally important for the objective

2 – Weak
3 – Moderate Importance

Judgement slightly favours one
factor/criterion over the other one.

4 – Moderate plus
5 – Strongly Important/Dominant

Judgement strongly favours a
factor/criterion over another one.

6 – Strong plus
7 – Very Strongly Important or
Demonstrated Importance
8 – Very, very Strongly Important
9 – Extreme Importance/Dominance

A factor/criterion is very strongly
factored over another.
The evidence favouring one
criterion/factor over another is of the
highest possible order.

Using the Likert-scale to obtain the pairwise comparison values
While the most common approach in ANP to elicit the expert, opinions is the use of
pairwise comparisons, similar to the one showed in Table 5.2, this presents an issue in
regard to the number of questions required to be able to develop full pairwise comparison
matrices. In response to this issue, Kallas (2011) proposed a method though which a 10point (1 to 9) Likert-scale per factor is used as the input. The use of the Likert scales was
estimated in deviations small deviations oscillating from a 1 to 8% difference on the final
priorities when comparing to pairwise comparisons. However, a major advantage of the
use of Likert-scale is the reduced number of questions required to be included in the
survey. Likert-scale as an input has been deployed in different studies (Middlehurst et al.,
2018; Boateng et al., 2016).

Table 5.2. Example of a pairwise comparison question (Adapted from Kallas,2011)

9

8

Factor/Criteria A
7
6
5
4

3

2

1

130

2

3

Factor/Criteria B
4
5
6
7

8

9

Chapter 5 – Research methodology
In the context of the thesis, the model developed via the previous qualitative phases of
the study (model development and validation previously covered), the resulting model
are a total of 39 links connecting the different criteria and functional purposes, which
requires developing seven pairwise comparison matrices. If the chosen approach would
be the traditional pairwise questions (as that shown in Table 5.2), a survey questionnaire
with a 96 total pairwise questions would be required. In contrast, with the Likert-scale
approach, only 39 questions are required. According to Gupta and Tiwari (2016) this is a
major issue, particularly in large networks, as the answering of pairwise comparisons can
result in stakeholder fatigue. Thus, to ensure a higher stakeholder engagement with the
online survey, the second option, while having a potential impact in the final priorities,
was selected as the preferred option, via the survey questionnaire presented in Appendix
D.

Finally, an important consideration pertains the sampling process, in this case, similar to
the selection of interviewees, the sampling for the questionnaire survey was done on the
basis of role and involvement on ILS developments in UK-HEI. This form of sampling
is often known as purposive homogeneous sampling (Saunders et al., 2016), which
targeted specific departments and stakeholder groups. The survey questionnaire for the
ANP model was sent via email to UK HEI institutions. In particular, the email was sent
to university’s estates, library services, academic enhancement, PVC office, and Learning
Technology Enhancement departments, or equivalents depending on the university.
Furthermore, a selection question around their experience on developing ILS was
introduced to ensure stakeholders responding the questionnaire were appropriate in terms
of experience. The aim was to ensure that inputted attitudes were relevant to the study.
The process and response results of the survey are presented in Chapter 8 of the thesis.
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Figure 5.6. Synopsis of the Research Methodology followed in the thesis

5.9. Overview of the research process
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Chapter 6 - Developing an AH model of an Informal Learning Space
6.1. Chapter introduction

Figure 6.1. Overview of the position within the research design and methods deployed in chapter 6

Following the identified potential interventions and relevance of sociotechnical systems
(STS) theory presented in chapter 4, and after defining the overall aim and objectives in
chapter 5, the present chapter focuses on the development of the first iteration of an AH
model of an ILS. The purpose of this chapter is to identify the constraints, drivers, and
purposes that shape the design of ILS in HE, which is aimed to serve as the basis for the
model used to assess ILS and inform front-end design processes. The model is developed
using data obtained through a representative case-study design. Furthermore, it is
complemented through the systematic combining of theory and empirical cases,
published in the last 20 years, and analysed using the established framework of Work
Domain Analysis (WDA) (Naikar, 2013). The process to develop an AH model have been
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previously been covered in Chapter 4 within the thesis. The following Chapter presents a
summary of the results and the first AH model resulted.

6.2. Process of development of an AH of an ILS

For the development of the AH, the set of sequential steps proposed by Naikar (2013) has
been followed (figure 6.2.). Within chapter 6 and 7, the considerations taken in relation
to the case-study and the domain – i.e. an ILS development programme within a UKbased HEI are discussed.

Figure 6.2. Process for developing an Abstraction Hierarchy (AH) applied to the case-study.

Within chapter 4, the early steps have been established. These serve to establish the
purpose and scope of the model, as well as a consideration of the limitations and
resource constraints of the research project. Furthermore, the framework established in
chapter 4, also included a preliminary discussion around the characteristics and nature
of constraints of a model that represents functional structure of an ILS. In this chapter, a
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recap of the data sources to establish the constraints, as well as a discussion around the
model development and the constraints included in it are presented.

6.2.1. Review of data sources for the development of the model
To develop an AH the data sources required to develop an AH are generally diverse ones.
Furthermore, different sources might be appropriate to model the lower and the higher
levels of the AH, and therefore, in this section the sources used for modelling the different
tiers of the hierarchy are further specified.

Modelling the higher levels of the AH: Functional purposes, criteria and generalised
functions
Case Study: ILS development programme at Heriot-Watt university
To gain a deeper understanding around the design of ILS and ensure the model would be
relevant for assessing the design concepts, a case-study of a multi-year programme for
the development of informal learning spaces, which has resulted in the retrofit and
development of various facilities across the HEI, has been explored (Figure 6.3. &
Appendix D1). This programme includes five different ILS developments/projects, which
include both newly built (GRID), repurposed (Learning Commons 2) and fully
refurbished spaces (Learning Commons 1, Library, and James-Watt Centre) within the
campus, as shown in figure 6.5. For the development of the model, design documentation
of some of the projects was used including the project brief report (RIBA-PoW Stage 1)
for the Learning Commons 1, the library retrofit and the GRID projects, as well as the
developed design report (RIBA PoW Stage 3) of the library retrofit project.
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Figure 6.3. Location on campus (Edinburgh) of the ILS projects undertaken at HWU between 2016-2019

Timeline of the projects
•

May - August 2016: Learning Commons 1 (also known as ‘Elements’)

•

April – August 2017: Retrofit of the James Watt Centre (Social learning areas)

•

May - August 2017: Learning Commons 2 (Postgraduate centre top floor)

•

2017-2019: Phased retrofit of the Cameron Smail library (4 floors)

•

2017-2019: Newly built GRID facility (The social and collaborative learning spaces
available in the ground floor)

The case study design enabled the researcher access to the spaces for observation, the
strategic and internal documents guiding the developments, the architectural drawings
and project documentation, and most importantly access to a range of stakeholders
involved in the conception, design and operation of the resulting learning space
developments. Among the documents the following ones where utilised:
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•

HEIs institutional documents, including the university strategy, the learning and
teaching strategy, and the estates’ masterplan.

•

Minutes of the relevant committees (SLEC and DLF) involved in decision taken
around ILS developments.

•

Project specific documentation and four stage reports (as specified above) and
architectural drawings of the final solution.

Table 6.2. provides an overview of the 15 semi-structured interviews undertaken as part
of the case-study. An initial sample of stakeholders was elaborated based on their
expected involvement in the development of ILS, which included academic and estates
stakeholders. This initial cohort was sampled through a purposive sampling approach.
Furthermore, following the interviews and initial contact, a number of stakeholders were
further identified and contacted on the basis of their involvement through the design
process of ILS, the sampling of those followed a snowball sampling approach and were
based on the recommendations from interviewees. The questionnaire developed and used
as a guideline during the semi-structured interviews is included in the appendix B.1.
Table 6.2. Overview of semi-structured interviews in the case-study.

Code
AC1
AC2

AC3

IS1
AC4
ES1

Role
School (A) L&T Director
Quality Enhancement
Officer for L&T (Academic
Developer)
Deputy Principal/PVC
(L&T)

Date
10/01/2019
10/01/2019

Start
9:25
11:00

Finish
10:06
12:05

Time
0:41
1:05

14/01/2019

14:45

15:43

0:58

Director of Information
Services
School (B) L&T Director
Head of Capital Projects
(Estates)

17/01/2019

13:00

14:03

1:03

21/01/2019
24/01/2019

14:00
15:55

14:52
16:44

0:52
0:49

137

Notes

Chapter 6 – Developing a STS model of an ILS
IS2
IS3

ES2
ES3
IS4
D1
ES4
IS5
D2

Head of Learning Services
(Library Services)
Learning Space Manager
and Interim Timetabler
(Information Services)
Assistant Director of Estates
(Estates Operations)
Director of Estates and
Campus Services
Head of Resources and
Facilities (Library Services)
Lead Architect (Library
Retrofit)
Estates Project Manager
(Library Retrofit project)
Head of Facilities and AV
Services
Design Consultant –
Development of strategic
and project briefing

25/01/2019

12:00

13:35

1:35

05/02/2019

13:15

14:20

1:05

07/02/2019

15:50

17:05

1:15

12/02/2019

9:10

10:15

1:05

20/02/2019

15:00

16:05

1:05

12/03/2019

8:56

10:05

1:09

13/03/2019

13:30

14:42

1:12

14/03/2019

10:01

11:42

1:41

19/03/2019

14:35

15:23

0:48

Walkthr
ough
intervie
w

Use of
quotes
not
authoris
ed

Modelling the lower levels of the AH: Physical objects and affordances

The lower two levels of the AH (i.e. Physical objects and their functional processes and
affordances), which are modelled based on the specific design solution are modelled
separately. First developing a database of the possible physical form and technologies,
and their possible affordances, developed primarily though the review of published
informal learning space (ILS) case-studies. The reviewed 41 case-studies were
introduced in Chapter 3 of the thesis and presented in the appendix A (Table A.1.).
These sources have been valuable in developing a catalogue for the physical form
(objects and technologies) and what these afford and constraint. This catalogue has
served as the basis for defining what is frequently included within the bottom two levels
of an AH for an ILS, which in turn served to inform and model the concrete design
concepts in chapter 9.
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6.3. Developing first iteration of the AH model
6.3.1. Functional Purposes of the ILS
The Functional Purposes (FP) tier in the AH represents ‘the objectives of a system as well
as the limits on the system’s operations’ (Naikar, 2013, p.67). Following, the theoretical
framework and process established by Naikar (2013), the FPs are grouped into ‘primary
objectives’ and ‘internal and external constraints’. The former, refers to the reasons for
which the system is being developed. The latter establishes general conditions, not
necessarily primary intentions, that need to be met, internal or external to the organisation,
to ensure the operation of the system. Thus, the system has to achieve its primary
purposes, while fulfilling those internal and external constraints.

As a result of the stakeholder interviews and literature review, 5 constraints were initially
identified at this abstraction level: three primary purposes, which reflect the ‘raison
d’être’ of an ILS, and 2 secondary objectives, which represent constraints that need to be
met for each of the facility’s satisfactory operation (Figure 6.4). The rationale for the
inclusion of the three primary purposes, which refer to the purpose in promoting learning,
contributing to the student’s experience, and contributing to promoting the development
of a community, is provided within table 6.3. Moreover, within table 6.4 summary of the
rationale for the inclusion of the two secondary objectives is provided. These refer to
financial sustainability of the facilities operations and the compliance with regulations
and requirements.

Figure 6.4 Overview of FP constraints included in the AH model
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Table 6.3. Primary Purposes – Summary of the results and constraints included in the AH model.
Functional
Purpose
Provide an
environment
conducive to
learning and
attainment of
life and work
skills.

140

Positively
contribute to
enhance the
‘On-campus’
student
experience

Description and rationale for the inclusion of the constraint

Sources from the case-study

The development of the ILS within the HEI and the decisions made around it were closely linked to
the graduate attributes and the development of these. In particular, those stakeholders at a strategic
level echoed this FP.

Stakeholder interviews
• Head of Information Services (IS1)
• Head of Resources and Facilities
(IS4)
• Director of Estates (ES3)
• School Director for L&T (B)
(AC4)
• PVC for L&T (AC3)

While the link was not clearly made by all stakeholders, some of the stakeholders, in particular those
with learning and teaching responsibilities, suggested a connection between the space and skill
development through the pedagogic activities taking place in these developments. These connections
are consistent with findings in the learning space literature. The primary pedagogic approaches
linked with these spaces, referred to group-learning, active learning, problem-solving, technologyenhanced learning, and to a lesser extent, reflective and quiet learning.
The student experience in this model refers to the experience of being in the university. This
experience, according to Temple et al. (2014) is divided in two areas the academic experience and
campus experience. The former, refers to those factors related to student’s formal studies and
learning, while the later, refers to other activities not directly connected to formal instruction. ILS,
which are the focus of this study, play an important role in both areas, as both learning aspects and
social aspects intertwin.
In the case, the importance of providing an excellent experience was embedded within the idea of
the ‘sticky campus’, which aimed to develop campus environments where students spend time
without the need to return home. A feature that was key in the case-study, where the campus is
located relatively far from the urban centre.

Promote a
sense of
identity and
community:
Socio-cultural
values of the
HEI

Furthermore, stakeholders also referenced that a key driver for the investment on the ILS, was the
lack of appropriate spaces, both in terms of capacity quality. In particular, as these were affecting
the quality of learning and study on campus. This was reflected on the prominent role of this on
building strong business cases for investment.
Another key purpose for which ILS are developed is that of offering a place for meeting peers, and
in some cases, to enable informal interactions with academics out of structured lectures and
tutorials.
While this primary purpose can be achieved in different ways, including sport clubs or other nonlearning activity clubs, it is recognised that this approach might not be sufficient to reach all the
student cohort. It is in that gap, where stakeholders linked ILS developments to community and
identity aspects.

Documentation
• L&T Strategy 2018-2015
Stakeholder interviews
• Head of Learning Services (IS2)
• Head of Resources and Facilities
(IS4)
• Director of Estates (ES3)
• Quality Enhancement Manger &
Academic Developer (AC2)

Links to LS Design
Literature
Den Heijer (2011)
O’Neill & McMahon,
(2005)
Neary et. al. (2010)
Radcliffe et al. (2008)
UCISA (2016)

Temple et al. (2014)
JISC (2006)
Finnigan and Howden
(2007)
Robinson (2018)
Lombardi and Wall
(2006)

Documentation
• L&T Strategy 2018-2015
• NSS (2018) results and comments
• Minutes of SLEC committee
meetings

Stakeholder interviews
• Director of Estates (ES3)
• Director of L&T School (B) (AC4)
• Director of L&T School (A) (AC1)
• PVC for L&T (AC3)
Documentation
• Minutes of SLEC committee
meetings

Temple (2008)
Hillier (2007)
Appel‐Meulenbroek
et al. (2011)
Bryant et al. (2009)
Walton and Matthews
(2013)
Lee (2008)
Steer and Howell
(2008)

Table 6.4. Secondary Objectives – Summary of the results and constraints included in the AH model.
Functional
Purpose
Financial
sustainability
of the learning
environment

Description and rationale for the inclusion of the constraint

Sources from the case-study

Within the case-study, the economic/funding aspect is the primary challenge faced by the university.
This challenge and its effects on estate investments, is clearly mentioned by various stakeholders
involved in strategic level decisions.

Stakeholder interviews
• Director of Estates (ES3)
• Director of Information
Services (IS1)
• Head of Capital Projects (ES1)
• PVC for L&T (AC3)
• Director of L&T School (B)
(AC4)
• Head of facilities and AV
Services (IS4)
• Lead Architect (Library) (D1)
• Assistant Director for Estates
(Operations) (ES2)
• Project Manager (Library)
(ES4)
Stakeholder interviews
• Director of Information
Services (AC4)
• Head of Capital Projects (ES1)
• Project Manager (Library)
(ES4)
• Head of facilities and AV
Services (IS5)
• Learning space manager (IS3)
• Head of Learning Services
(IS2)
• Assistant Director for Estates
(Operations) (ES2)
• Director of Estates (ES3)

Furthermore, as the university physical structure is formed by 5 campus in 3 countries, capital
investments on the physical campus are deemed riskier than in other HEIs. While, this risk might not be
perceived directly, the challenge comes as the university seeks to equate the student experience (or at
least attempt) across campuses, leading to requirements of upgrades and investments in multiple
locations.
In the case-study, the lifecycle and maintenance costs were mentioned by some of the stakeholders,
however, these appear to be less predominant than capital costs.
The long-term sustainability of these spaces, and the resources in them, were a concern for IS
stakeholders, who indicated the lack of budget being allocated for maintaining and keeping the space fitfor-purpose.
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Compliance
and alignment
with
institutional
requirements,
and external
standards and
regulations

The previous functional purposes cover several important purposes for which learning spaces are being
developed. However, there are a set of requirements that needs to be met, which are not directly related
to the primary functions, but without which the occupancy and usage of the spaces would not be feasible.
These requirements include the building systems to ensure safety or healthy conditions for the occupant.
The requirements are often delimited by guidelines and building regulations (E.g. CIBSE guidelines).
These systems are generally noticed by the user, only once they are not functioning properly. The
compliance, in the case-study, often went beyond the minimum legal requirements, as internal
stakeholders established more stringent requirements. However, the design of HE ILS remains largely
under-regulated. Some of the stakeholders, particularly those dealing with technical issues, referred to
the different guidelines in the sector, such as the UCISA’s Learning Space Design Toolkit (2016) or the
association of Audiovisual and Educational Technology Management learning space design guidelines
(AETM, 2015). A given reason to explain lack of guidance was the rate of change that ILS have gone,
and still go through.
Another important dimension that was featured prominently on the stakeholder interviews was the
compliance of the developed facilities in terms of environmental and sustainability matters. In new built
projects, the institution imposed a BREEAM excellent requirement, which results in high compliance
requirements. However, a large proportion of the ILS projects referred to refurbished facilities, where
environmental performance is limited by the existing envelope. Thus, requirements were not as stringent
as in new built projects, and investments on energy efficient systems (lighting, heating and external
fabric/windows) were requests from internal stakeholders.

Links to LS
Design Literature
Vidalakis et al.
(2014)
Kelly et al. (2014)

Den Heijer (2011)
Bryant et al. (2009)
Radcliffe et al.
(2008)
AETM (2015)
UCISA (2016)
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6.3.2. Criteria, Values and Priority Measures (CVPM)
The ‘Criteria, Values and Priority Measures’ (CVPM) level/tier in the AH represents
“the criteria that must be respected for a system to achieve its purposes” (Naikar, 2013,
p.70). At this tier the values and principles, which can be used to assess the performance
of the system, are represented. As discussed previously (Figure 6.7), the university is a
highly intentional system, thus its performance is mostly largely based in cultural values
and principles, difficultly quantifiable.

Based on the case-study research conducted, 16 criteria have been identified at this
abstraction level. The criteria have been organised into three broad groups; Pedagogic
principles and values relevant to informal/self-directed learning (3 criteria), soft criteria
and values (Qualitative) (7 criteria), and hard criteria and metrics (Quantifiable) (6
Criteria).

6.3.2.1. Intentional criteria and measures: Pedagogic values and principles
A limitation of current HE space planning approaches, discussed previously in the
literature review, is that they often fail to integrate and address pedagogic matters (Fisher,
2005; Boys, 2011). However, in recent years this connection between pedagogy and space
has been gaining interest amid HE learning space researchers (Scott-Webber, 2004;
Fisher, 2005; Radcliffe et al., 2008; Beckers et al., 2015). Within the developed model,
one of the primary purposes of ILS, it’s the development of ‘environments conducive to
learning’. An example of this attempt to connect learning principles to space design is
Beckers et al.’s (2015) ‘purpose-process-place’ model. Within the model, ‘purpose’, is
discussed in line with existing learning theories, such as behaviourism, cognitivism,
socio-constructivism and connectivism. ‘Process’ refers to the pedagogic activities that
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are expected to be taking place in the space, which are largely determined by each
learning theory’s principles. Finally, the place, refers to general space design principles
that are deemed as more suitable for each of the activities.

In the case-study, as discussed in the primary purposes and aims stated in the L&T
strategy, it appears clear, that the ILS under study are primarily shaped by the socioconstructivist and experiential learning principles. During the undertaken interviews,
stakeholders discussed broadly what learning activities and processes do the ILS spaces
aim to promote. In this regard, three learning styles/approaches were identified: 1)
collaborative/social, 2) reflective, and 3) learning through ICT and digital technologies
(both for groups and individuals) (Figure 6.5). The need to develop spaces that could
enable all these was suggested as a driver that led to invest on developing ILS across
various projects. Within table 6.5, the rationale for the inclusion of the three learning
styles within the AH model, and their associated links with the case-study projects and
ILS are summarised.

Figure 6.5 CVPM constraints included in the AH model – Pedagogic considerations of ILS
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Table 6.5. CVPM – Self-directed learning processes. Summary of the constraints included in the AH model.
CVPM

Description and summarised rationale for the inclusion of the constraint

Sources from the case-study

Support
collaborative and
social learning

Social and collaborative learning appears to be the primary learning approach shaping design
decisions taken in the studied ILS. Thus, the institutions L&T strategy states a clear inclination for
developing an infrastructure that can support these. Based on the stakeholder interviews, within ILS
the aim was to support social and collaborative learning primarily through design. This involved the
design of settings where students are allowed, and encouraged to sit in groups, discuss and
communicate. These were encouraged through open plan solutions and it is reinforced by the design
of settings and furniture choice that favours group-work, such as semi-enclosed study pods or group
rooms.

Stakeholder interviews
• Head of Resources and Facilities (IS4)
• Head of Learning Services (IS2)
• School Director for L&T (B) (AC4)
• PVC for L&T (AC3)
• Head of Capital Projects (ES1)

Support
reflective and
cognitive
learning
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Support
technologyenhanced and
digital learning

While the design plays a key role in encouraging collaboration, stakeholders also highlighted the
importance of communicating design intentions and informal rules to regulate behaviours. Most of
the areas, this were expected to be regulated and enforced by the students themselves, as stated by
some of the interviewees. This approach relies on students determining and managing the use by
themselves, which presents learners with agency to define, what and how they approach learning.
Even if in principle, the case-study ILS appear to have been developed primarily for supporting
collaborative learning, stakeholders acknowledge the need to provide suitable settings and study
spaces that provided environments for quiet, reflective and individual work and study.
Constructivist learning theories and derived theories, while emphasising that learning occurs in a
social context, acknowledge the importance of reflective processes within the learning cycle (Kolb
and Kolb, 2005).
To achieve this, stakeholders acknowledged the use of design solutions that could provide some
levels of privacy and more stringent noise policies. This also included a careful consideration of
movement flows and circulation. In the larger projects, like the library retrofit, where a physical
barrier, such as the separation of floors is available, the usage is largely regulated through signage
and formal behavioural guidelines.
The importance of supporting learning activities enabled by ICT and digital infrastructure was also
covered in the interviews. The use of digital technologies was discussed both for collaborative and
individual study. For instance, installed PCs, include a consideration to design surfaces and
adaptable solutions that allow PCs to be used for both group and individual work, depending on
student’s needs. Similarly, data and screen sharing systems, compatible with user’s own devices,
have been included in group-rooms across the ILS, which enable wireless connection and
synchronous visualisation and sharing of documents by students.
Stakeholder reflected on intertwined social and learning behaviours are as both are enabled by
similar technologies. In line with this, the thinking behind the design of the ILS has been
dominated predominantly by the institution designing for the student’s owned devices. TEL has
also been a consideration the other way around, as some settings within the ILS have been
designed consciously to discourage the use of technologies, achieved by the inclusion of analogue
solutions, such as whiteboards, and by avoiding providing access to power sources.

Documentation
• L&T Strategy 2018-2015
• Project brief stage report for library
retrofit.
• Project brief stage report for GRID.

Links to LS
Design Lit.
O’Neill &
McMahon
(2006)
Kolb and Kolb
(2005)
Beckers et al.
(2015)
Scott-Webber
(2004)
Boys (2011)
Oblinger (2006)

Stakeholder interviews
• Director of Information Services (IS1)
• Learning space manager (IS3)
• Quality Enhancement Manger &
Academic Developer (AC2)
• PVC for L&T (AC3)
• Lead Architect (Library retrofit) (D1)
Documentation
• Minutes of SLEC committee meetings
• Project brief stage report for library
retrofit.

O’Neill &
McMahon
(2006)
Boys (2011)
Kolb and Kolb
(2005)
Beckers et al.
(2015)
Scott-Webber
(2004)
JISC (2018b)

Stakeholder interviews
• Director of Information Services (IS1)
• Learning space manager (IS3)
• Head of facilities and AV Services
(IS5)
• Lead Architect (Library retrofit) (D1)
• Quality Enhancement Manger &
Academic Developer (AC2)
Documentation
• L&T Strategy 2018-2015
• Minutes of SLEC committee meetings

Siani, (2017)
JISC (2006)
Beckers et al.
(2015)
Radcliffe et al.
(2008)
UCISA (2016)
Oblinger (2006)
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6.3.2.2. Intentional criteria and measures: Quantifiable
The remaining of the CVPMs, which were derived from the documents and the interviews
of stakeholders, were categorised into two primary groups, quantifiable and qualitative
criteria. Within the quantitative metrics, a number of established metrics exist, albeit in
some cases, these were not always implemented within the ILS projects under study, such
is the case of occupancy metrics. Based on the stakeholder interviews six quantifiable
criteria were identified (figure 6.6). These include industry standards such as occupancy
metrics (SMG, 2006) or student satisfaction surveys questions around resources and
facilities from the National Student Survey (NSS). These were linked to primarily to FPs
of student experience of these ILS. Beyond these, metrics resulting from the servicing of
these spaces, both in terms of building performance, as well as the campus services
embedded in the ILS. Within these metrics, operational costs and income were
mentioned, as well as the resources that were used to provide suitable thermic and
environmental conditions. The rationale for the inclusion of these constraints in the AH
model is further discussed within table 6.6.

Figure 6.6 CVPM constraints included in the AH model – Quantifiable criteria and metrics

145

Table 6.6. CVPM – Quantifiable criteria and measures. Summary of the constraints included in the AH model.
CVPM

Description and summarised rationale for the inclusion of the constraint

Sources from the case-study

Maximise
occupancy and
usage (of the
facilities and
resources)

In terms of ILS, a key metric, addressed by different stakeholders, are the usage and occupancy of
the space and resources, including equipment, information resources and general services.
Occupancy refers to the relation between the number of users, present/using the space, and the total
capacity of that given space. ). Within the case-study, the occupancy of the developed ILS was
viewed frequently as a rule of thumb to assess if an ILS is successful. In some cases, this was referred
to as ‘popularity’. However, stakeholders indicated a lack of formal process to measure it,
and when mentioning occupancy, they referred primarily to anecdotal evidence. In the case-study,
the main issue hindering formal POE adoption was the lack of time available between projects.

Stakeholder interviews
•
Head of Capital Projects (ES1)
•
Head of Learning Services (IS2)
•
Quality Enhancement Officer for
L&T (AC2)
•
Director of Estates and Campus
Services (ES3)
•
Learning Space Manager (IS3)
•
Head of Resources and Facilities
(IS4)
•
Lead Architect (Library Retrofit)
(D1)
•
Head of Facilities and AV
Services (IS5)
Stakeholder interviews
•
Project Manager (Library) (ES4)
•
PVC for L&T (AC3)
•
Head of Capital Projects (ES1)
•
Head of Learning Services (IS2)
•
Head of Facilities and AV
Services (IS5)
•
Quality Enhancement Officer for
L&T (AC2)
Documentation
•
L&T Strategy 2018-2015
•
Minutes of SLEC committee
meetings
Stakeholder interviews
•
Head of Learning Services (IS2)
•
Head of Resources and Facilities
(IS4)
•
Assistant Director for Estates
(Operations) (ES2)

While occupancy and resource usage metrics are deemed as valuable metrics, stakeholders also
commented on the limitations of basing decisions predominantly on them. Particularly, as these
metrics fail to address how effective is the usage, particularly, in relation to pedagogic/learning
activities and practices.
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Student
satisfaction (with
facilities and
resources
provided)

A key criterion emerging from the interviews, present in the answers from all stakeholder groups,
is student satisfaction. In the case-study, satisfaction was measured through two approaches, in
newly developed facilities POE occupant surveys were conducted, while in the rest of the ILS
environments results on institution wide surveys, predominantly the NSS. One of the reasons for
the importance of satisfaction results are the perceived direct effects on recruitment and therefore,
the overall funding of the university. Based on the interviews the importance in shaping investment
decisions, including decisions around the estate and infrastructure, is difficult to ignore.
The limitations of using satisfaction as a metric of success are also acknowledged. Particularly, as
student satisfaction, similarly to the previously discussed occupancy metrics, fail to address how
effective is the space in enhancing learning, a key purpose for which they are being developed in
the first place. Furthermore, stakeholders acknowledge that satisfaction alone can be a flawed
viewpoint, as it cannot be directly attributed to facilities or resources.

Operation and
maintenance
costs

Another key criterion, mentioned through the interviews, is that of the operational costs of the
developed spaces. The operation and maintenance costs were particularly addressed by technical
stakeholders, and discussed in line with other criteria and values, such as environmental
performance metrics or project constraints such as capital costs.
Beyond the operation and maintenance of building systems, numerous digital resources, fit outs
and technologies, which are an integral component of the ILS. The maintenance, repairing and
replacement costs for these components is another key aspect encompassed within the discussed
criterion. Another operational cost, closely related to other criteria (safety or condition of the
spaces), is those associated with facility/campus services such as security and cleaning.

Links to LS design
Literature
SMG (2006)
SCONUL (2016)
Pearshouse et al.
(2009)
Boys (2011)

Vischer (2008)
Bligh and
Pearshouse (2011)
Watson (2016)
Matzdorf and
Greenwood (2015)
Pearshouse et al.
(2009)
Vidalakis et al.
(2014)
Price et al. (2002)

Oblinger (2006)
Radcliffe et al.
(2008)
Vidalakis et al.
(2014)

Finally, the servicing costs associated with these facilities have been addressed. These include,
costs associated with user support services, particularly in regard to general enquiries and support,
a key component in recent ILS developments.
Income
Generation
(Related to the
facilities, services
and spaces)

Environmental
performance
metrics
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Provision of
optimal
(comfortable)
environmental
parameters

In the case-study this was not regarded as an important metric in relation to determining the
success of an ILS. The commercial function on the developed spaces, appears secondary to
learning activities and comfort. However, as previously discussed in the purposes, ‘financial
sustainability’ remains a major constraint for the operation of the facilities and the institution in
general. In this regard, income generation together with costs are some major criteria to aid in
assessing of the long-term economic sustainability of some of these spaces. Based in the
interviews, two sources of potential income associated to ILS were identified; subletting for nonlearning events/uses and hospitality/retail functions.
A number of interviewed stakeholders acknowledged that the core purpose of this commercial
services (hospitality and retail) is not economic, but rather contributing to the overall experience
and covering student needs and requirements. However, the income generated from this service
often contribute to maintain and preserve the quality of the campus services offered.
Another metric, in this case, largely quantifiable, arising from the interview and previously been
discussed in the context of compliance (Functional Purposes), is environmental performance. The
case-study university, being part of the Scottish HE system, has pledged carbon emission reduction
commitments. In new facilities, the university guides its decisions using BREEAM, an established
industry standard to assess the environmental performance of newly developed buildings. In any
case, as most of the ILS projects are retrofitted/refurbished areas, the environmental targets applied
to these are not based on BREEAM. the stakeholders also addressed other environmental concerns,
for instance, water usage, and the management of waste and recycling matters.
Another measurable criterion, closely related to the compliance purpose, is that of ensuring the
provision of optimal (indoor) environmental parameters. Optimal metrics are frequently derived
from requirements in existing building norms and regulations. IEQ (Indoor Environmental
Quality), is the term that encompasses the factors and performance requirements that are addressed
in the development of built environments. Commonly, IEQ includes physical parameters and
measurements around lighting/visual aspects, acoustics/noise, thermal quality, and indoor air
quality. Within the case-study, it is acknowledged the difficulty to achieve ideal parameters in ILS
spaces, therefore, it appears to be understood as an exercise of balance.

Stakeholder interviews
•
Head of AV Services (IS5)
•
Head of Resources and Facilities
(IS4)
•
Assistant Director for Estates
(Operations) (ES2)
•
Learning Space Manager (IS3)

Stakeholder interviews
•
Assistant Director for Estates
(Operations) (ES2)
•
Project Manager (Library) (ES4)

Middlehurst et al.
(2018)
Vischer (2008)

Stakeholder interviews
•
Head of Learning Services (IS2)
•
Assistant Director for Estates
(Operations) (ES2)
•
Project Manager (Library) (ES4)
•
Head of Facilities and AV
Services (IS5)

Middlehurst et al.
(2018)
Vischer (2008)
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6.3.2.3. Intentional Criteria and Values - Qualitative
The final group of CVPMs refers to intentional qualitative criteria. These lack standardised
metrics or measures, however, they were considered important by stakeholders to assess the
performance of the ILS, both in terms of design, as well as in use. Based on the stakeholder
interviews seven qualitative criteria have been identified (figure 6.7). These CVPMs include
aspects like principles of openness and equitable access, the maximisation of opportunities to
socialise, or the provision of a psychologically safe environment for the students, which are
largely subjective. These principles and values link closely with the primary purposes of the
ILS and represent many of the values and principles that the HEI aims to promote. Beyond
these, other subjective values related with the design of these facilities such as aesthetics or the
flexibility of the resources and facilities were also addressed. Finally, aspects of meeting
requirements and the recognition and visibility of these spaces from the stakeholders were also
included. The rationale for including these criteria is discussed is further discussed within table
6.7.

Figure 6.7 CVPM constraints included in the AH model – Qualitative criteria
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Table 6.7. CVPM – Qualitative criteria and measures. Summary of the constraints included in the AH model.
CVPM

Description and summarised rationale for the inclusion of the constraint

Sources from the case-study

Aesthetic Value
and Condition of
Facilities

Another important criterion for an effective ILS, albeit more subjective, arising during the interviews
is the aesthetic value and condition of the facilities and spaces. While difficult to define, the
importance of the criterion was mentioned by different stakeholders as a key factor in ILS
intertwined with other concepts as ‘feel’ or ‘innovative’ design. In the case-study, it is suggested
that to tackle the issue of defining the aesthetic value, the participation and input from the end-users
was crucial defining the aesthetics, style and ‘feel’ of the space. stakeholders often use abstract
terms (e.g. ‘feel’, ‘ambience’, architectural style…) and metaphors (e.g. ‘home-like’), and refer to
specific implemented design solutions, which would be captured by the lower tiers of the abstraction
(physical form), that are used to achieve these values.

Stakeholder interviews
•
Head of Facilities and AV
Services (IS5)
•
Head of Capital Projects (ES1)
•
Head of Learning Services (IS2)
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Opportunities
for social
interaction

Staff
satisfaction:
Professional
services related
to the space

The condition of the space and equipment is another largely subjective criterion largely dictated in
part by the student’s and pedagogic requirements. The condition, and particularly the lack of suitable
spaces for current student and pedagogic requirements, was considered one of the main drivers for
retrofitting the areas. For example, the studied HEI developed its main campus in the 60s, highly
influenced by the style dominating “Plate-glass” universities.
Another criterion linked to ILS, arising from the interviews, is that of offering spaces for social
interactions, not necessarily related to learning activities. This criterion is closely linked to the
functional purpose of fostering a sense of community. While social interaction can be measured
and analysed, by behavioural observation and social network analysis, this is rarely done in ILS.
Within the case-study, the importance of social interactions, such as discussions and meetings
between the students are often mentioned, however, these are not evaluated or measured formally.
While social interactions are commonly associated with active interactions between students, such
as discussing, talking, or working in groups, an aspect that shaped the design into open areas, is the
aspect of co-presence and being able to see others across the space.

Stakeholder interviews
•
Lead Architect (Library Retrofit)
(D1)
•
Head of Capital Projects (ES1)
•
Head of Learning Services (IS2)
•
School Director for L&T (B)
(AC4)
•
Director of Estates and Campus
Services (ES3)

While student satisfaction is a pervasive criterion addressed by all the stakeholder groups, those
involved in the delivery of the project, also highlighted the importance of satisfying the internal
university staff in regard to the space/design. The staff satisfaction criterion discussed here
encompasses this constraint. One estates stakeholder having the responsibility of developing and
delivering these spaces, refer to one of the projects, which includes a variety of spaces for different
purposes, showcased the number of internal stakeholders within the project.

Stakeholder interviews
•
Lead Architect (Library Retrofit)
(D1)
•
Head of Capital Projects (ES1)
•
Director of Estates and Campus
Services (ES3)

Links to LS design
Literature
AUDE (2018)

Scott-Webber
(2004)
Temple (2007)
Beckers et al.
(2015)

Provision of a
safe environment
(Psychological
and physical)

Flexibility and
adaptability of
spaces and
resources

Another important criterion that the built environment must meet is the provision of a safe
environment. In this regard, safety, to a degree is regulated by Health and Safety requirements and
building regulations. Thus, it is possible to assess the compliance of any design solution with
these, an essential requirement for the space to be inhabited. In this regard, technical stakeholders
more precisely, refer to the systems and investments made across campus to ensure the compliance
with safety, in particular fire and structural safety.
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In any case, beyond the structural and health and safety, there is another level of safety, deemed as
important by interviewed stakeholders, that is more challenging to assess and respond to. This
refers to perceived safety and depends at a large extent from student’s perception. In this regard,
the perception of safety is linked to the experience of the student and can also hinder effectiveness
of the environment for its learning purposes. Some strategies used focus on encouraging the
students to ‘own’ and use the space as it would be theirs. Security aspects are also significant, as
they have the opportunity to influence the perceived safety, particularly at hours where the spaces
are not at their peak usage, but also to reduce actual safety and security issues, for the student’s
and their belongings, an aspect monitored through the monitoring of reported incidents.
Within ILS, another frequently mentioned criterion/principle is the flexibility and adaptability of
spaces and resources to cater for different learning styles and activities. While commonly
mentioned, flexibility and adaptability are viewed in different ways by the stakeholders, which
make the criterion hard to define and quantify. During the interviews, three views of flexibility and
adaptability were identified:
The first perspective considers flexibility and adaptability in the context to learning practices and
is closely linked to pervasive access to information. This perspective views the students, as highly
adaptable based on how they interact with and adapt the surrounding environment to suit their
needs. In the ILS case, the student ability to adapt is closely linked to the possibilities enabled by
modern digital technologies.
The second perspective of flexibility, arising from the interview, emphasises the range of
possibilities available for the user, which can be referred as affordances (captured by the Objectrelated processes tier in the AH), that are available to the users within the design and resources
(furniture, fixings, or technology). At the higher levels of the abstraction, this perspective of
flexibility would observe the general functions that the ILS can support, particularly those different
to the primary purposes of ILS (learning activities).
The final perspective on flexibility, denotes the capability of the space to be reconfigured and
adapted to evolving needs over time without requiring costly refurbishments. In this context,
stakeholders address the importance of open designs, using easily adaptable partitions, and in
particular the importance of providing an extensive access to power sources, so equipment and
resources can be easily relocated and reorganised. In that way, it is possible to change/adapt the
function/usage of the settings.

Stakeholder interviews
•
Project Manager (Library) (ES4)
•
Assistant Director for Estates
(Operations) (ES2)
•
Head of Capital Projects (ES1)

Stakeholder interviews
•
Lead Architect (Library Retrofit)
(D1)
•
Head of Learning Services (IS2)
•
Head of Resources and Facilities
(IS4)
•
Head of Capital Projects (ES1)
•
Director of Information Services
(IS1)
•
Head of Facilities and AV
Services (IS5)
•
Head of Capital Projects (ES1)

Appel-Meulenbroek
et al. (2011)
Boys (2011)
Temple (2007)
Vischer (2008)

Open and
equitable access
to facilities and
resources

Reputation
enhancement
and visibility

Another intentional value, which emerges as challenging to quantify, is the development of open
and accessible learning spaces. These criteria (open and accessible), to an extent, relate with the
secondary objective of regulatory compliance, mainly in regard to the accessibility and equality
acts. However, they also relate with broad cultural values of the institution, such as diversity and
equality, and general requirements and expectations from the students. The importance of
developing accessible and open spaces and resources appears to have been a key aspect for the
students and considered important in relation to the student experience.

Stakeholder interviews
•
Learning Space Manager (IS3)
•
Head of Facilities and AV
Services (IS5)
•
Director of Information Services
(IS1)
•
PVC for L&T (AC3)

the limited number/scarcity of resources, which include the available study spaces and the ICT
resources, present a clear challenge as to how the HEI can offer opportunities to access and use
them, to all the students. Therefore, in some cases, this requires limiting and manage the access
and usage, particularly, scarce resources, due to their high cost or large spatial demands.

Documentation
•
L&T Strategy 2018-2015

Another difficultly quantifiable value arising from the interviews is the reputation improvement
resulting from modern and improved facilities, such as ILS. In the case-study, the investments on
the estate, including learning spaces, are linked to the improvement on the competitive advantage
of the institution, which can lead to improved funding. Stakeholders suggested that the campaign
had potential negative impact on student recruitment, as the protest took place during an open day
event.

Stakeholder interviews
•
Head of Capital Projects (ES1)
•
Quality Enhancement Officer for
L&T (AC2)
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As a response, the spaces developed were deemed as a solution to student requirements, thus, the
location of spaces and the recognition from the students, were key considerations during the design
and early occupancy. For this, the choice of location was considered key, to ensure that the space
was at a central place within the campus, so the impact could be larger. Also, efforts were made to
ensure students felt ‘heard’, by involving and consulting them and by developing projects that
responded to their needs.

Price et al. (2002)
Neary et al. (2011)
Temple et al. (2014)
Bligh and
Pearshouse (2011)
JISC (2007)
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6.3.3. Generalised functions
The ‘Purpose-related (or Generalised) functions” tier of the AH represents “the functions
that a system must be capable of supporting so that it can fulfil its functional purposes”
(Naikar, 2013, pp 70). They can also be understood as the ‘uses’ to which the design
solution is ‘put to’, however, generalised functions remain independent from the specific
design solutions, as they can be fulfilled through different means. According to Naikar
(2013), these functions should represent familiar terms used by the stakeholders working
in the given system’s domain. In the case of ILS, these should relate to terms used by
stakeholders encompass the perspectives of estates, library and academics.

For the first iteration model of an ILS, 20 generalised functions have been initially
identified (Figure 6.8). The generalised functions have been organised into four broad
groups; functions related to learning and pedagogic uses, functions related to campus and
facility services (Commercial and other support functions), functions related to space
management (such as, flow management, allocation, or management of behaviours… ),
and a final group about those linked to building services and the management of the
indoor environment.

Figure 6.8 Overview of 20 GFs constraints included in the AH model by category
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6.3.3.1 Building services’ related functions
The generalised functions including in this group where discussed particularly by estates
and technical stakeholders involved in developing and operating the facilities. The set of
general functions presented here are linked closely with the requirements discussed under
the compliance functional purpose. They refer to the general functions that the space has
to meet to ensure the provision of a comfortable indoor environment, which in the model
are grouped under the general functions of “thermal comfort and air quality”, “acoustic
comfort”, and “visual comfort”. While the IEQ includes aspects linked to occupant health
and safety, within this category other aspects of user safety are also included. This
generalised function relates to aspects related to key building services related to fire safety
or structural safety, which must be ensured to avoid potential hazards to the users. Thus,
within this category 4 initial generalised functions have been included (Figure 6.9).

6.3.3.2. Pedagogy and learning related functions

The generalised function included in this group refer to the broad learning activities that
are enabled by broad settings. These relate to the pedagogic approaches, which were
discussed in the previous tier, and are frequently designed into ILS - i.e. technology
enhanced, individual and social/collaborative learning. Combining these three types of
pedagogy identified as relevant to ILS, broadly 4 learning settings were identified in the
interviews and ILS reviewed. These include, those enabling or designed to facilitate
structured groupwork, informal social learning, and those designed to facilitate quiet and
individual learning. Meanwhile, these were also divided into those that facilitate
technology-enhanced learning, via computing technology, audio-visuals systems, or
settings that support learner owned technologies, and those that constrained the use of
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digital and computing technologies (i.e. through regulations, or lack of available
equipment or access to power sources). As a result, 5 broad generalised functions, which
aim to represent these expected uses, were included in the initial model (Figure 6.9).

6.3.3.3. Campus and Facility Services related Generalised Functions

The generalised function included in this group refer to the services that are provided
within, or in close proximity, to the ILS. Within the services included in this group,
hospitality services (e.g. cafes or canteen services), support and facility services that
ensure the proper maintenance and condition of the space (e.g. cleaning, technical support
or security), general student support services, and other possible non-learning uses are
included. These functions aim to support the user needs, rather than be directly
contributed to supporting informal learning for which these spaces are designed. They are
required to ensure the proper functioning of the system, by ensuring the space meets
requirements in relation to compliance, security, maintenance, or similar ones. Within the
first model iteration, 6 generalised functions are included in the model (figure 6.7), which
refer to; “facilities that can support broader institutional non-learning activities (such as
exhibitions, institutional events, open days…)”, “Provision of general support for
students”, “Maintenance and Cleaning”, “Access to food and refreshments”,
“Contribute to the place’s atmosphere/ambience”, “Ensure the security of people and
their belongings”.

6.3.3.4. Space and resource management related functions

Within the final group of generalised functions, those required and linked to spatial and
resource management are included. Within these functions, the control and management
of the access to the available resources and spaces is included, including the use of layouts
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and other systems that can allow or constraint movements or the customisation of the
available resources. These functions link closely to traditional space management
practices and measures. Furthermore, the generalised functions in this group, also include
the monitoring of resources, such as, usage of computing devices, energy consumption
or in some cases, the use of the space in terms of occupancy. In total, within the space
and resource management group, 5 generalised functions are included (Figure 8), which
refer to, “Ensuring equal access to resources”, “Regulate movements and flow of
people”, “Monitoring usage of resources”, “Space allocation and control” and “
Facilitate customisation and re-configuration”.

6.3.4. Physical objects (PO) and object related processes (ORP) tiers
The ‘physical objects’ refer to the most concrete representations, which can also be
viewed as the representation of the physical world or concrete form of the design. Naikar
(2013) indicates that at this level the constraint should refer to artificial objects
(equipment, tools…), natural features (people, vegetation, geographic features…), and
can include documentation and policies. In the case of ILS, therefore, this level is
contingent on the specific features (e.g. fitouts, building systems, technologies, or
services) included in the design.

The object-related processes (affordances) represent the “functional processes or the
functional capabilities and limitations” of physical objects (Naikar, 2013 pp. 73). The
constraints represented at this level are highly dependable on the properties of the
physical objects, and therefore, of the design solution proposed. The upper tier of
generalised functions, contrasts with the functions represented at this level, as the
generalised functions are directly linked and reflect the intentionality of the system, this
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is, for what it is being designed (the functional purposes). This distinction can be
illustrated by the example of a table. An affordance of a table is to “providing a surface
for objects”. However, the same table with the same affordance would be used differently
in a restaurant or a library. In the former the surface would enable ‘dining in’, while in
the latter it would enable ‘reading’. Those would be captured as generalised functions,
which are dependent on the intentionality of each of those systems and their functional
purposes.

The objects and affordances discussed here, are based on the reviewed case-studies of
ILS (Appendix A). And have been developed to gain an understanding of the typical
solutions featured in this type of spaces. In chapter 9 of this thesis, three different ILS
design solutions, from the case-study HEI, will be modelled. Furthermore, the complete
analysis spreadsheet, which reflects the prevalence of POs and ORPs in the cases
showcased in figures 6.10 and 6.11 is attached with the supporting documentation.

6.3.4.1. Physical objects (PO)
After the review of ILS cases, a total of 122 different objects were identified within the
41 cases (Appendix A.1) The frequency of the identified objects can be seen in Figure
6.10. As the objects coded and identified at this level of the abstraction were diverse in
nature, they have been grouped into 8 broad categories. The most prevalent identified
objects and technologies within the reviewed cases are wireless networks (78% of cases),
followed by desktop computing (65%), lounge-style seating (e.g. tub seating, couches,
armchairs or sofas) (61%), movable (wheeled or lightweight) chairs (49%), group tables
(46%) and individual desks (carrel style) (41%). In regard to services, professional service
staff, for general enquiries, have been identified in a majority of reviewed cases (56%),
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with the presence of cafés/hospitality services being relatively common (37%). In other
categories at this level of abstraction (intangibles), behavioural guidelines and policies
are frequently found (24%), in particular policies regarding to food/drink consumption
(26%) are found within the cases, as well as the presence of layout solutions such as
isolated rooms for groups (37%). Finally, although not directly managed by universities,
there is a substantial emphasis on supporting student’s owned technologies, particularly
laptop computers (46%), which links to the previously mentioned prevalence of wireless.

On the other hand, in general important and often mandatory building services, such as
Heating Ventilation and Air Conditioning (HVAC) systems, lighting or CCTV are
mentioned rather infrequently. Building services are mentioned in 2.75 cases per object
(average), which is the lowest presence of any of the groups, followed closely by general
facility services with a 3.33 cases per object. On the opposite side, people and staff are
mentioned an average of 11.33, mostly due to the small number of objects in these
grouping (3) and the aforementioned prevalence of professional service (library and ICT)
mention. Followed by ICT and AV technologies (6.86) and furnishings (6.77), which
more than double the less frequently found groups.

6.3.4.2. Object-related processes and affordances (ORP)
The object-related processes, account primarily for the design intentions discussed and
addressed within the reviewed cases. A total of 87 different object-related processes, were
identified within the 41 cases (Figure 6.9). The processes were grouped in a similar
fashion to the objects, with the exception of student’s own devices, as they afford similar
uses to the ICT technologies.
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Some of the most prevalent of the object-related processes, can be directly linked to the
prevalent objects, for instance access to the (internet) network (81% of cases) is the most
mentioned afforded process, unsurprisingly following the previously discussed dominant
presence of wireless network systems. Similarly, access to digital/computing for study
(63%), the provision of comfortable/relaxing seating (63%) or the provision of
(ergonomic) seating for long periods of study (51%) are also direct affordances of some
of the predominant objects. In other cases, the object-related processes are discussed,
although it is not specified how these are being enabled. An example of these, is the
importance of access to power mentioned in (49% of the cases). While in some cases, it
is specified how it is provided (e.g. raised flooring, sockets built-in furniture, or movable
‘power poles’) in many cases, it is only highlighted that the power access was an
important consideration within the design. In regard to other groups, such as layouts,
some

relevant

affordances

include

sound/acoustic

mitigation

(34%)

and

zoning/differentiation of areas (32%). Similarly, the communication of expected
behaviours appears quite relevant, particularly amid the affordances derived from
intangible objects (policies, regulations, documents…).
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Figure 6.9 Frequency of identified object-related processes for the reviewed cases (n=41)
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Figure 6.10 Frequency of identified objects for the reviewed cases (n=41)
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Figure 6.11 Initial conceptual model AH of an ILS in use

6.4. First iteration of the AH model

161

Chapter 6 – Developing a STS model of an ILS
6.5. Chapter summary
Addressing the research aim of developing a tool to assess design concepts and campus
developments pre-occupancy, started through the general literature review in chapter 3.
The theoretical (STS and WDA) framework, which serves as the basis, was established
and discussed in chapter 4. In order to develop a valid tool, the selected case-study of a
UK based HEI, including project documentation and university documentation, and a set
of 15 semi-structured interviews with stakeholders involved in the process were
undertaken. The case-study design approach and method choice enabled for higher
agency in developing the initial model, which is particularly encouraged for novel
domains and applications of the framework.

This chapter presented the development of the first iteration of the sociotechnical systems
model for assessing the performance in-use of HE informal learning spaces (Figure 6.11).
The results from the interviews, demonstrated the complex nature involved in this design,
which appears to clearly require balance between stakeholders, as the different
stakeholder groups seem to prioritise different factors. As expected, the constraints that
shaped the designs within the case-study are highly shaped by values and stakeholder
intentions, rather than been predefined by regulations. Furthermore, the model enables
the integration of the perspectives of multiple stakeholders into a single model, like
information services, academic developers or even student representatives. This can
potentially lead to a more balanced approach to design, where considerations and
requirements from multiple stakeholders can be made explicit and visible, while also
revealing potential conflicts across criteria and purposes.
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In the following chapter, to ensure the validity of the model, the relevance of the modelled
constraints will be further refined and reviewed through a Delphi study with a panel of 4
experts, which were selected to represent the different main stakeholder groups involved
in the design of ILS.
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Chapter 7 - Refining and validating the AH model
7.1. Chapter introduction

Figure 7.1. Overview of the position within the research design and methods deployed in Chapter 7

In the previous chapter, the first iteration of an AH model to assess ILS designs was
developed. The model refers to the first of kind application of CWA, a Human Factors
and Ergonomics (HFE) framework for modelling complex sociotechnical systems
(Vicente, 1999). The relevance of the framework for issues in HE space design, in
particular ILS, was established earlier in chapter 4. To initially develop an AH model, a
case-study, which included the development of 5 spaces, categorised as ILS, was
investigated. This enabled the analyst access to project documentation, polices and
strategy of the HEI, and more importantly access to stakeholders involved in the ILS
development programme. As a result, the first iteration of the AH model developed in
chapter 6 will be refined and validated in the present chapter. Thus, completing the AH
development process suggested by Naikar (2013) and McLeod et al. (2019).
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This chapter will use a modified Delphi approach to refine and validate the model
developed in the previous phase of the study. In the first round, a set of in-depth
interviews will be used to review, refine and modify the constraints included within the
high levels of the model, which encompass the purposes and objectives of an ILS. In the
second round the connections across the three top levels will be developed and formalised
based on the study participants perspectives. The resulting model is expected to serve as
the basis to be applied in the conceptual assessment ILS design concepts in chapter 9.
7.2. Modified Delphi approach: Overview of the approach and participants
For the study, the panel participants were chosen as they had been involved in the
development of the ILS that served as the basis for the initial model development. The
aim was to represent the perspective of the different university’s stakeholder groups, thus,
a representative of information and library services (professional services that funded and
manages the majority of the developed ILS), estates and campus services (who managed
the design and development process for the spaces, and are responsible of O&M
processes), and an academic developer (involved during the briefing and overseeing the
development of this projects). In this manner, it could be ensured that the AH model
represented the views of the major stakeholders involved in the development of the ILS.
The sample selected (Table 7.1), included participants involved in the interviews, which
served to build the model (Chapter 6).
Table 7.1. Overview of participants on the validation exercise
Role

Department

Head of AV and
Facility Services
Academic Quality
Enhancement Manager

Information and Library
Services – HWU
Academic Quality and
Student Learning Experience
Committee – HWU
Estates and Campus
Services - HWU
Heriot Watt University

Estates Project
Manager
HFE researcher skilled
on WDA & AH
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1st Round
(Interview)
1:18
1:04
1:08
Did not
take part

2nd Round
(Survey)
Survey
Completed
Survey
Completed

3rd Round
(Review)
Reviewed &
confirmed
Reviewed &
confirmed

Survey
Completed
Survey
Completed

Reviewed &
confirmed
Reviewed &
confirmed
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7.2.1. Overview of the modified Delphi approach
An overview of the process can be found in Figure 7.2. For the 1st round of the Delphi
study, three in-depth interviews with stakeholders were conducted. In preparation for the
exercise the initially developed AH model (See appendix C.2.), together with the
background and purpose of the session, were printed and sent to the participants before
each session, furthermore, it was explained again at the commencement of the interview.
The focus of this interviews was to ensure that constraints included were appropriate to
the domain, or if any missing constraints could be identified, as to refine and validate the
content included in the model. For the 2nd round of the Delphi, a fellow researcher was
included, who had previous experience with the AH. The purpose of this inclusion was
to safeguard that the means-ends connections included across levels were consistent with
the CWA logics and theoretical framework.

Figure 7.2. Overview of the modified Delphi approach followed in the study

166

Chapter 7 – Refining and validating the STS model

Finally, the outcomes from the first round and second round of the Delphi study were
emailed to the three stakeholders in the initial panel for final feedback. This was done to
confirm the suitability of the final model, as well as to give stakeholders the chance to
suggest new insights, if they had any, to refine the final model

7.3. First round of the Delphi study: In-depth interviews
7.3.1 First session: Audio-visuals environments planner and development manager
In this interview, the structure of the abstraction hierarchy and its logics (i.e. means-ends
relationships and tiers) were initially explained. The developed AH for ILS, previously
described in chapter 6 (Appendix C.2.), and a summary of the model were represented to
the stakeholder. Then, the stakeholder was asked to discuss and comment the different
constraints in the model, as to refine its content and corroborate them. At first glance, the
stakeholder considered the model at the three levels to be comprehensive and a good
reflection of an ILS. For instance, this was his overall opinion over the top tiers of the
model, functional purposes and criteria. He indicated:

“Certainly, in the functional purposes. I don’t disagree with any of it. And they are so
broad, that it’s hard to come up with anything else. That isn’t in some way captured in
what you’ve already got there.” (…) In general: “It’s, when you are being presented
with such a broad view… because it’s quite comprehensive. There’s nothing clearly
forgotten. There is not a clear, ‘Ohhh! You’ve not talked about, X or Y’.”

However, when reviewing the FPs in detail, the stakeholder indicated some issues with
the wording and what it was implied by one of the primary purposes; ‘Promotion an
Identity & Community: Social and Cultural Values’. The issue came as the stakeholder
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considered, that while this was an important aspect for the institution, he could not see
how an ILS could achieve this, particularly, developing an identity. Instead, the
stakeholder suggested that the ILS, in particular ‘crush areas’ or ‘learning commons’ were
meant rather to foster the community, by providing open spaces where people can meet
and discuss. Therefore, following the recommendation the functional purpose was
changed to “Fostering a Sense of Community”.
“So yeah promoting and identity and a sense of community, I strongly agree with this
being important. But, identity well, that would be nice, but it's challenging to achieve it
with a space. Instead, the focus was on community, as a space to meet and talk… that
was definitely an important consideration on some of the earlier projects we did at
HW.”
In relation to the criteria, values and priority measures tier, the stakeholder agreed on the
inclusion of most of the included criteria. The major changes suggested by the stakeholder
concerned the criteria of “Reputational enhancement (for the institution) and visibility of
the space”. The stakeholder indicated that in particular, “Reputation Enhancement”, is
quite a broad aspect, which can be measured through other criteria discussed at this level
(e.g.

student

satisfaction.

Thus,

he

suggested

to

move

this

aspect

of

branding/image/reputation to the Functional Purposes tier above.
“[Reputation] it's kind of measured via other criteria and measures that we have here,
you know student satisfaction, staff satisfaction.... Those are the things that will give
you and even the renting out [income generated] of the space. In terms of reputational
enhancement and visibility… It’s true that reputation was a key driver for the Learning
Commons, particularly after the open day protest. It seems like an all-encompassing
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criterion, perhaps, more suitable for the higher level and then connected to some
measures at this level…”
Likewise, the stakeholder discussed the criterion of visibility as somewhat different from
reputation enhancement. In this case, visibility aims to measure how the users, in this case
students, recognise the space. As its implied in the answer, students recognising and being
aware of the spaces, and their purposes, can lead them to be occupied and used more
extensively. The stakeholder also suggests how the visibility of the space can be
improved, by using different means that would be reflected at lower levels in the system.
Thus, this criterion was kept in the model as ‘Visibility and recognition of the space’.
“(…) a measure of the success of a project, visibility for the users it is probably
something that should be on this layer, because there are facilities in the campus that
some people just don't know they exist. And visibility could come from all sorts of
things, from internal communications, signage or you know, just being on a
thoroughfare all sorts of things.”
Another criterion included in the second iteration of the model, arose when commenting
on the maintenance and servicing costs. The stakeholder understood this as referencing
primarily the monetary value associated with the operation of the space, including evident
costs like heating, lighting, equipment replacement or costs associated with staffing these
spaces. However, he also addressed another issue, a cost of different nature, that can make
a space or equipment unusable if not dealt with properly. This aspect refers to the
disruptions that can occur due to downtime or breakdown, which could for instance be
reduced by reactive reporting systems, or by people doing it instead. Following his point,
a new criterion was added to this iteration of the model in the form of ‘Minimise
Disturbances and their impact on systems functioning (i.e. breakdowns, downtime etc.)’
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“And the down time, whilst machines are a way for repair, is vastly reduced. (…) And
the downtime is much less. So yeah watching the breakdowns is a really good guide to,
have we done this? Or have we done this badly? This also is a sort of cost, different
from capital, as we are missing on equipment or spaces being used during breakdowns,
particularly, when they are not identified and reported early. Because, it's amazing how
much we find things you would expect people to report to you immediately. Which might
make a room or a computer unusable, that we don't actually find until some scheduled
tour around to look for problems (…) We also have to add to that the time that it takes
to fix it when its recognised.”
Lastly, within the criteria level, ‘open and equitable access’, while it was considered an
important value to withhold for the university, it was considered a challenging one to
address and translate into a physical space. For the stakeholder, the equitable space would
require ensuring basic accessibility for all students, which is addressed through design
guidelines and regulations, but also to ensure that student cohorts across disciplines use
and access the space similarly in terms of use time…. Thus, this links closely with
monitoring the usage and occupancy, as derived from the following quotes.
“Who's actually using it? Lots of universities do that, by issuing all the students with a
swipe card and not allowing them to go anywhere without swiping.” (…) “Well, it's
certainly open, whether is equitable or not, that's tricky, yes.... If you knew who’s there
during all day, and every day… You could say oh look EPS students are using the space
or computers there five times as much as School of Management and social sciences
students, that's not very fair…”
Beyond its similarity with other criterion such as, occupancy and usage, other negative
aspects of equitability were also addressed. For instance, the students, based on their
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academic discipline, might need different resources, thus, providing an open space for all
might end up inherently favouring requirements of some cohorts over others.
Furthermore, the level of detail and information required to asses if the space is equitably
used, seem to raise ethical concerns, particularly about user’s data and privacy in using
these open spaces. Based on the stakeholder suggestions, the “open and equitable”
criterion is removed from the model. Due to how closely linked is to the usage, “access”
is included within the existing measure of “Maximising occupancy and usage”.
“Although I guess you could say equitable access. A person studying one topic is likely
to have a different layout requirement to someone else. So, if you're studying English
literature, and we don't do that here, but if you're studying English literature. Perhaps
you may need for a folder and it may be different if you're studying engineering and you
maybe have software requirements. So hopefully you build things in such a way that
everyone has equal opportunity to use the space, but maybe it gets monopolised by
people who need the computers and versus people who don't,” (…) “It's much more
difficult for an open space. You cannot tell how often someone plugged in a laptop
charger a typical socket. It's hard to do, you can't spy on people.”
Another aspect that was addressed by the stakeholder is the nature of the criteria in
relation to how they are measured. In that regard, the stakeholder discussed existing
measures for certain criteria, such as occupancy and usage or environmental performance
(energy consumption). On the other hand, while a lot emphasis was placed on spaces
being safe or aesthetically pleasing, the approach that could be used to measure this aspect
was largely subjective, by means of interviewing or surveying the users.
“For example, how worn does a sofa have to be, before you categorise it as worn. And
the aesthetic value... Well, there will be as many opinions there as users in the building.
171

Chapter 7 – Refining and validating the STS model
Yeah, it's generally subjective” (…) “Safe environment, physically and psychologically,
can't argue with that. How do you measure how safe it is? There are lots of guidelines,
lots of statutory things. And again, you can ask them” (…) “Environmental
performance, certainly. Easily measurable, empirically. I'm not sure if it's a key
priority, but it's certainly part of my planning for anything.”
Finally, within the generalised functions level, some changes to the model were
suggested. In relation to the pedagogic functions, which represent functions closely
related to the primary functional purposes of the system, a simplification in relation to
social and collaborative work settings was suggested. Originally, two social/collaborative
functions were included in the model, one in relation for formal groupwork settings (this
is, people working in common projects or assignments for their class) and another for
social study settings, which are more directed to discussions or general study together
with peers. The stakeholder indicated that the difference on the settings required for these
two activities is not substantial. Thus, for simplification of the model, he suggested to
converge both functions/activities in one.
“One wonders what the difference is between social study in active discussions and
group-work actually. To simplify the model, these two could be mix both together.”
Furthermore, the stakeholder signposted to a generalised function missing in the model.
This referred to the provision of sanitary facilities, which is a key function that needs to
be met, or at least be located on a close proximity. Thus, the generalised function
“provision of sanitary facilities” was included in the model.
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Figure 7.3. Abstraction Hierarchy modified after the first session

7.3.1.1. Modified model after the first session
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7.3.2 Second session: Academic quality enhancement manager
The updated AH model (Figure 7.3) was presented to the second panel stakeholder. As
in the previous session, a brief introduction describing the AH tiers and the logics behind
the model was presented to the interviewee. The discussion focused around validating
and refining the constraints/factors included within the second iteration of the framework.
The content, in relation to the functional purposes and criteria, of the model was mostly
agreed by the stakeholder. As the following quote showcases:

“I think they're actually quite good and distinct. I think you've got a really good
overview with those six (Functional Purposes) at the top”(…) “I mean, it's very
comprehensive what you've done. (…) I think of top my head; I wouldn’t add new ones”

However, in order to improve the legibility of the framework, the stakeholder
recommended to cluster the criteria based on similarities and overlaps. This advice, was
retrospectively applied to the initial development of the model, presented in chapter 5,
were constraints at the different tiers were clustered into larger groups.

“When you finish the model, perhaps you can use colours, so that there's a line between
the top (functional purposes), the values.... So, these could be like learning related
values. There may be some criteria that overlap. For instance, where did the majority of
them set from? So, there may be four or five in here that are learning and teaching
related, others could be around economic metrics... they'll be some overlap and that's
okay. You can put that all kind of things just to see where the clear line is. You know
what I mean? You've got that with words, but just a little bit more clustered”
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At the functional purposes level, the stakeholder suggested a small change as to simplify
the model and, in particular, the “promoting an identity and community” functional
purpose. He indicated that the promotion of an identity was already covered by the
“environment conducive to learning and attainment of skills for work and life” function
purpose. The stakeholder indicated that the aspect of community remained an important
consideration, particularly as the ILS’s role remained to provide common spaces that can
contribute to building communities of practice and shared values. Thus, the functional
purpose of an ILS was modified to “Contribute to fostering a sense of community”.

An interesting commentary involved the stakeholder discussing the priorities at this level.
The stakeholder clearly identified the student experience as the main driver, particularly,
as the university was struggling in relation to learning spaces being provided. Originally,
in the learning commons (Elements) development, this was deemed as a more important
aspect than learning outcomes, which became a key consideration once the space was
developed. Particularly, the stakeholder could see how the community and graduate
attributes, have been a key part of the recent priorities, and are directly relevant to the
institutions L&T strategy. This is reflected by the following quote:

“I would say that the Student Experience was the kind of main driver, with reputational
aspects in the background. Nothing happens without thinking about Recruitment and
the kind of future of the University. The student experience, obviously, is the most
important one. But, never ever forget about reputation, they're very close. Never forget
about the elephant in the room. But now, absolutely, because that's the focus of our
learning and teaching strategy, it's all about the HW graduate 2025. So, of course, our
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physical learning environment, it's going to be key to the skills that you want graduates
to develop. So those skills could be enabled by group work areas, could be campus
communication, technology, you know... all these sorts of things that we now do as a
matter of course. That's why the Learning Commons was good, it was a catalyst in
many ways.”
The stakeholder also discussed the FPs in three distinct groups. In a first group, the
stakeholder classified the primary purposes, which were linked to the biggest flaws at the
institution. On a second group, the stakeholder discussed those that become more
prevalent once projects were developed but were not considered key at the onset. The
final group includes the constraints that are needed to ensure the spaces can operate (the
operational group). While the stakeholder was not prompted about this during the
exercise, his mental model to classify functional purposes is consistent with the clusters
suggested by Naikar (2013), that guided the initial development of the model.

“What I mean by them being similar between each other is that they're almost like a
retrospective focus, these two (refers to individual and community values and
environment conducive to learning) are a by-product of the work. The second one and
the last one sorry (refers to Student Experience and Reputation), absolutely key drivers
for the developments and continued investments in learning spaces too. And obviously,
these again are more operational, but very important [Economic sustainability and
regulatory compliance].”

At the CVPM level, the stakeholder considered that the presented measures and criteria,
offered a good overview to measure the performance of learning spaces. Within the
constraints captured at this tier only minor changes were suggested with the intention to
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clarify some of the constraints included in the model. The stakeholder first associated
staff satisfaction, to that of academics, thus, prompting the question of relevance of this
criterion in relation to ILS.

“Staff satisfaction again, just becoming big in the last year. Obviously, you know, like
we have the academics strike. However, in terms of how the learning spaces perform,
I’m not sure if this is relevant...”

In response to this, an explanation was given, that the staff the criterion refers to are the
technical stakeholders involved in managing the different services included in ILS (e.g.
campus and facility services, library services, ICT services…), and also the staff servicing
and maintaining the spaces. The stakeholder, suggested to clarify this point in the model,
as the current state of the criterion could lead to confusion. As a result, the criterion was
modified to “Satisfaction of the Technical and Professional Services (involved in the ILS
management)”.
The other criterion modified is the visibility of the space, which the stakeholder suggested
that was already largely covered by the aesthetics value criterion. Instead, he suggested
adding a component that make a clearer reference to the recognition or popularity of the
space, particularly from the student’s perspective. As a result, the phrasing of this
criterion was modified to “recognition and awareness about the space”.
“Visibility is crucial. I think that was quite good with the JWC. I like the fact that
they've opened it and take down walls. So again, maybe students that come here now
don't see it. But what it was before, it was dark, it was closed off. However, I think this
is already largely covered by the aesthetics measure. (…) Perhaps, to differentiate it
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from aesthetics, I don't know, you could add an aspect of recognition of the space. How
many students know about the space, how many recognise it as a space to support their
learning?”
In terms of general functions, the stakeholder did suggest that the overview covered most
of the general functions expected from an ILS. In general, the stakeholder declined to
give strong opinions around the more operational and technical functions, such as those
related to acoustics, lighting or facility services However, he suggested that while the
spaces are primarily for the students, occasionally, this spaces also support university
staff and committees in their gathering meetings, or some larger yearly events,
particularly in one of the developed projects (JWC).
“I think in terms of the functions of a learning space, it is very robust, I don't think
you've missed any key function in here. In terms of learning, I think you've got it.
Because, I'm thinking about four years ago the drivers, they're all here. Perhaps, as we
discussed, occasionally, staff use those areas as meeting areas or meeting spaces. So, if
we go for a coffee or a more informal discussion, we will go there. (…) So, it (James
Watt Centre), obviously gets used for things like the graduation, or the occasional
committee goes there, because of the AV service (conference) is good, probably, better
than in other areas. So, where we can we try and use those rooms and oh, yeah, if we
have conferences or we get external people, we try to organise on some of those areas,
because it looks nice, so as again thinking of the reputation and image that's important.
We bring them here, because we're proud of that because it's at the JWC is a nice,
because we remember what it was like before.”
These gatherings, particularly university events and committee meetings, involve larger
crowds than common student gatherings for learning, which usually range from 2 to 10
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students. When it comes to the informal staff meetings in the quote, the requirements do
not differ much from the “facilitate social study and groupwork”, and therefore, no new
function was added for this activity. However, while not entirely related to the purpose
of the space as a learning environment, a new generalised function, related to cater for
these events was included in the model; “facilitate large gatherings and events
(committee/conference)”.
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Figure 7.4. Abstraction Hierarchy modified after the second session

7.3.2.1. Modified model after the second session
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7.3.3. Third session: Estates project manager
The updated AH model (Figure 7.4.) was presented to the final stakeholder in the panel.
As in the previous session, a brief introduction describing the AH model was provided to
the

interviewee.

The

following

discussion

centred

around

reviewing

the

constraints/factors included and discussing possible modifications to the model. In this
case, while the model was perceived initially as quite convoluted, the content and logic
made sense to the stakeholder after the initial briefing and early discussion, as the
following quote showcases:
“Although at first sight the framework looked quite complex. Once you’ve explained
what the levels are, what they mean… I think the model seems to include aspects that
are appropriate for a social study space like Elements (Learning Commons 1 project).
There is nothing clear I can say; ‘this is fundamentally wrong.”

However, once the first two levels were reviewed, the stakeholder reaffirmed that the
included constraints are valid, and the model can serve as a broad template. However, he
highlighted that the criteria and functional purposes might not work for all informal
learning space projects, as priorities evolve and change across the different projects.
“I think these two levels [Criteria and Functional Purposes] are applicable to a learning
space. Based on my experience, for each project different aspects will be prioritised,
others might not be relevant at all… it depends on what’s needed, but I think this can
work as an outline.”

In that regard, the abstraction hierarchy it is a flexible tool to model the structure of
systems (Jenkins et al., 2009), so models can be adapted by adding criteria or removing
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aspects that are not considered important for the HEI. The model, being based on a single
case-study, might not account for all the possible criteria or considerations that can be
taken in the design of ILS. Instead the aim is to provide a comprehensive view of the
general functions, including learning activities, that are frequently supported by ILS, a
classification which in and of itself, include a broad range of space types (ranging from
quiet reading rooms, to open social learning spaces). The criteria in relation to the learning
types that are commonly supported by modern ILS, the stakeholder, indicated that some
of the terms were confusing. For instance, what was meant by the terms, “cognitivist” or
“socio-constructivist” in particular was not clear:

“Also had no idea what cognitivist or socio-constructivist learning means. These
constraints, when I review them, assume a knowledge of learning theory, which I don't
have. I would suggest using simpler wording that can communicate more clearly what
you mean with these.”

In this regard, the discussion revolved about what was intended to be communicated
through these three criteria, by using as a reference the Beckers et al. (2015) guiding
model on purpose-process-place, where purpose was referred to the type of learning,
based on the major learning theories, that was used to develop the space, and process
referring to the learning activities that aimed to be supported. In this form, the three
criteria presented, reflected broadly around the three dominant learning processes that
were frequent in ILS. As aa recommendation, the stakeholder suggested to simplify this
three, and avoid using lexicon that could only be understood by the academic’s side.
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“Ok, so if you want to communicate that you want a space that works for more active
learning, like discussions and groups work, instead of socio-constructivist, simply use
words like collaborative. I think this way, you can communicate easily what kind of
learning space you aim to develop.”

Following the stakeholder advice, the three learning styles criteria were modified to avoid
pedagogic jargon. The final terms included in the model were; Support “social and
collaborative learning”, “Individual and reflective learning” and “Digital and
technology-enhanced learning”. Another interesting discussion that surged during the
discussion of criteria and priority measures, was the lack of presence of capital costs and
the time of construction. In this regard, it was explained that while these are key
constraints that largely influence the possible designs that can be developed, the model
was focused on modelling the functional aspects and the performance of the design inuse, this is, how the solution was constraining or enabling the different functions. While
the stakeholder agreed with these project constraints being excluded from the model, he
highlighted that the criterion “minimising disturbances impact on the functioning” was
mostly relevant to future retrofits and redevelopments, which would fall on a similar area
to the previously mentioned capital costs and time measures. The final recommendation
from the stakeholder was not to include this measure within the model, as reflected by
the following quote:

“Well… when it comes to minimising disturbances… it comes to my mind the work
we’ve done in the library, where we have to phase the project, so we avoided closure.
But in the end, this is very much linked to the project, so it doesn’t really fit with the rest
of the model”
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Figure 7.5. Abstraction Hierarchy modified after third session

7.3.3.1. Modified model after the third session
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7.4. Second round of Delphi study: Establishing means-ends connections
The purpose of this round is to build the means-ends connections across the top three
levels of the AH previously developed. At the end of the interview exercise, the
stakeholders were explained what was to be requested in this second Delphi round. What
the means-ends connections meant, was explained using various examples in the AH. The
used examples can be found within the document presented in Appendix C.1.

A questionnaire was selected as the data collection method to build the means-ends
connections across three levels, which can be found within Annex. The participants to
which the questionnaire was sent included the 3 stakeholders participating in the first
round, and 1 HFE researcher with extensive understanding and experience on developing
AH models. The latest participant was added to warrant a level of consistency between
the established means-ends and the theoretical framework behind the AH. This measure
of including experienced HFE researchers with previews knowledge on the WDA
framework, has been previously used for similar purposes in previous cases (Patorniti et
al., 2018, Read et al., 2015). The questionnaire was simplified, excluding possible meansends connections that the researcher considered unlikely, for practical reasons as to
shorten the total length of the questionnaire. The resulting questionnaire was sent to the
participants, so they could indicate which means-ends connections existed across the top
three levels of the hierarchy. Finally, the means-ends links included in the AH model,
were selected based on at least a 75% agreement, this is, at least 3 of 4 survey participants
agreeing on the existence of the connection.

7.4.1. Reliability of inter-connections: Interrater Reliability Test
Interrater reliability (IRR) tests are concerned with ensuring the consistency between
ratings, as it is assumed that when various people (raters) are requested to interpret a
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phenomenon, their understanding of it might differ. IRR is used to measure the degree of
variability across various raters, and it can aid in showcasing the degree of confidence on
the accuracy of a study (McHugh, 2012). The IRR measure has been commonly applied
to assess the consistency of research tools or observations by different researchers or
experts, such as those that can be found in behavioural mapping, environmental
psychology or clinical studies (Fleiss, 1971). Gisev and colleagues (2013), discuss the
common measures for interrater reliability depending on the characteristics of the type of
data that raters are requested and the number of raters involved in the study (Table 7.2).

Table 7.2. IRR measurement and suitability for different cases. Adapted from Gisev et al (2013)

Data Type

Nominal/Categorical

Number of
2
>2
raters
Suitable
Cohen
Fleiss
IRR
Kappa
Kappa
1
measures
ICC
ICC
Weighted
Kappa

Ordinal

Ratio/interval

2

>2

Weighted
Kappa
ICC

Kendall
coefficient
of
concordance
ICC

2
BlandAltman
plots
ICC

>2
ICC

The questionnaire introduced before, requests the participants (raters) to indicate if a.
means-ends connection exist. Thus, the data type that is being requested is a categorical
one, more precisely of a binary type (i.e. Yes or No). Furthermore, as four participants
completed the questionnaire, based on Gisev et al. (2013) recommendation, the
appropriate tool to measure the IRR of the questionnaire results is the Fleiss Kappa
statistical measure. Fleiss kappa is an extension of kappa developed by Fleiss (1971),
which can be applied to cases where multiple raters are involved. The kappa statistic
results from comparing the actual agreement across raters with the expected agreement if
the raters would rate by chance. The resulting equation factors the degree of agreement

1

Intraclass correlation coefficient (ICC)
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above chance and compares the maximum degree of agreement attainable. The resulting
kappa values can range between 1 and -1, with negative values meaning no agreement,
and 1 representing perfect agreement. In practice, negative values are unusual, as it
indicates that the agreement would be lower than if the rates would have been done by
chance. The interpretation of kappa values can be found in Table 7.3.
Table 7.3. Interpretation of Kappa values. Adapted from Landis and Koch (1977)

Kappa Statistic (Fleiss Kappa)
< 0.00
0.00-0.20
0.21-0.40
0.41- 0.60
0.61-0.80
0.81-0.99

Strength of Agreement
Poor/No-Agreement
Slight
Fair
Moderate
Substantial
Almost perfect

7.4.2. Results of the survey and IRR tests
The results from 4 completed questionnaires were reviewed as to assess its inclusion, and
to ensure the consistency in the understanding between the 4 raters (Fleiss Kappa). In
relation to the agreement between raters, the results were analysed for the relationships
at the top levels, between functional purposes (FP) (ends) tier and the values and priority
measures (VPM) (means) tier, and between the VPM (ends) and the generalised functions
(means). The graphic representation of the raw results around the means-ends
connections can be found in the appendix C.4. The final model with the connections
included for the following chapters, after moderate and low agreement links where
excluded, is also presented in figure 7.6.
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7.4.2.1. Agreement for connections between FP and VCPM tiers

Table 7.4. Results on interrater agreement between FP and VCPM

Agreement
Level
Full
Strong
Moderate
Weak
No Connection
Total

Agreement
Percentage
100 %
75%
50%
25%
0%

Number of
Connections
24
9
6
5
27
71

Percentage of the
total possibilities
33.80%
12.68%
8.45%
7.04%
38.03%
100%

In the final model, only the connections with Strong (75%) and Full (100%) agreement
were included. Thus, the total connections included in the model accounted for 33 (Table
7.4). This graphical representation of the agreements can be seen in in figure 7.6.

7.4.2.1. Agreement for connections between VCPM and GF tiers

Table 7.5. Results on interrater Agreement between VCPM and GF

Agreement
Level
Full
Strong
Moderate
Weak
No Connection
Total

Agreement
Percentage
100 %
75%
50%
25%
0%

Number of
Connections
55
27
50
19
59
210

Percentage of the
total possibilities
27.19%
12.86%
23.81%
9.05%
28.10%
100%

In the final model, only the connections with Strong (75%) and Full (100%) agreement
were included. Thus, the total connections included in the model accounted for 82 (Table
7.5). The graphic representation of the connections above can be found in figure 7.6.
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7.4.2.3. Interrater Reliability test results
Table 7.6. IRR results from the means-ends questionnaire (Appendix C.3)

Lower 95%
Upper 95%
Asymptotic
Asymptotic CI Asymptotic CI
Kappa Standard Error Z P Value
Bound
Bound
Overall Kappa: FP .690
.048
14.243 .000
.595
.785
to VPM
Overall Kappa:
.463
.028
17.452 .000
.408
.519
VPM to Gen. Fun.

The Fleiss Kappa test from the means-ends questions between the top two levels of the
hierarchy, i.e. between functional purposes and VPM, was found to be

= 0.690 (p

<.0.001). This appears to be indicating that there is substantial agreement (Table 7.6) and
consistency between the 4 participants of the survey. Meanwhile, the Fleiss Kappa values
for the questions around the links between VPM and generalised function was found to
be K = 0.463 (p <.0.001). This appears to indicate a moderate agreement across the 4
raters. This result is lower than for the top level, although still considered a good IRR
value (Landis and Koch, 1977). The lower IRR might be due to the higher number of
choices and possibilities given between these two levels, where the total questions raised
to 209 in contrast to the 70 from previous levels.
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Figure 7.6. Final AH model - Validated and Refined with connections

7.4.2.3. Final model: Clean means-ends connections
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7.5. Summary of the chapter
The Delphi method was used to revise the constraints and content included initial model
developed through the process covered in Chapter 6, and to capture other suggestions, to
improve the readability and content included in the AH for assessing ILS in HE. The
selected experts taking part on the study offered their opinions and judgements in regard
to the model, through in a number of sequenced sessions. The different sessions held
resulted in the refinement of the model where a number of constraints were added,
modified or removed. The modified Delphi included a second round to further develop
the framework, by requesting the stakeholder’s opinion on the means-ends connection
across the levels. Finally, the model was established on a third round through an email
survey. The use of the modified Delphi approach to refine and validate the model,
resulted in a final AH (figure 7.6.), based on the data collected through the rounds.

The Delphi method showed that the AH it is perceived as a valid model which includes
relevant constraints affecting the performance of ILS. Thus, it appears that it can serve as
a template to assess ILS at least within the case-study HEI. In addition, the included
means-ends connections where developed based on the input of 4 stakeholders and seem
to have moderate to high levels of consistency across their opinions. Moreover, the
comments through the interviews, in which a discussion on priorities was conducted,
appear to suggest that the included constraints at the different levels may vary in terms of
importance across institutions and stakeholder groups, which is a key aspect addressed of
the following chapter in this thesis.
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Chapter 8 - Understanding UK-HE stakeholder perspectives around
ILS
8.1. Chapter introduction

Figure 8.1. Overview of the position within the research design and methods deployed in chapter 8

Following the model development in chapters 6 and 7, this chapter, using the AH model
developed based on the case-study of a UK-HEI in developing ILS, addresses a sector
wide perspective around the priorities that shape the development of this spaces. In order
to achieve this, a sector wide survey, shaped after the top two tiers of the AH network,
functional purposes and priority measures, has been conducted. The responses are then
analysed using the Analytical Network Process (ANP), a method used for complex multicriteria decision analysis. Saaty (1996) is a proponent of the use of hierarchical networks
to understand the considerations that influence complex decision-making processes, such
as those in architectural considerations. The use of systems thinking to appraise
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architectural design and construction projects can be tracked to Kelly and Male (1993)
proposal to apply value management to appraise the value of construction projects and
designs. While the WDA (and the AH), were primarily developed to inform the design of
ecological interfaces (Vicente, 1999), they have been used to evaluate designs, such as
evaluation of early warning system design concepts (Naikar, 2013) or military interface
designs (Jenkins et al., 2009). However, while the framework has previously used to
collate stakeholder views, it has not been used to quantify or value stakeholder priorities.
In any case, there appears to be synergy between ANP and the AH, as both approaches
seek provide an overview of complex connections and acknowledge the need of designs
to balance amongst various criteria. In highly intentional systems (i.e. social/culturally
driven), such as universities, as seen in the qualitative research of the study, stakeholders
as decision-makers prioritise depending certain criteria and design considerations,
primarily depending on the needs and context of the HEIs.

The chapter, thus, combines an AH model, based on the previously developed ILS model,
with ANP to derive the priorities and perspectives of main stakeholder groups across
various UK based universities.

8.2. Analytical Network Process

The Analytical Hierarchy Process (AHP) and ANP were originally developed by Saaty
(1996) as a theory to quantify and measure the influence of complex criteria and deriving
priorities in expert’s decision-making, both for tangible aspects (e.g. cost or price) but
also intangibles one (e.g. image, brand, perceived safety…). AHP, refers to hierarchical
networks where connections are relatively simple and unidirectional. ANP, on the other
hand, enables analysts to introduce more complex interdependences across the criteria,
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instead of simply including unidirectional relationships. ANP models resemble networks,
while AHP are solely hierarchical structures. In the case of using AH as an input, while
the hierarchical structure exists, the relationships between tiers are more complex than
those found in AHP model, as criteria independence is not assumed, this is, one criterion
can be used to assess multiple functional purposes and vice versa, thus, requiring the
application of ANP as a method of analysis.

Research using AHP and ANP in construction and design management research has been
common in recent years, ranging from applications such as, the selection of sustainable
construction materials, the understanding of energy-efficient hotel retrofits, or the
prioritisation of risks in construction megaprojects (Mahmoudkelaye et al., 2018; Xu and
Chan, 2013; Boateng et al., 2016, Gunderson, 2019). Closer to the domain within the
thesis, which aims to better understand stakeholder priorities in relation to design
solutions, recent applications of AHP and ANP, include the assessment of suitability of
site locations for hospitals (Harputlugil et al., 2014; Sahin et al., 2019), evaluating design
concepts (Harputlugil, 2018; Özsoy and Özsoy, 2018), or the understanding of the
important environmental and functional factors affecting the performance of various
office users (Middlehurst et al., 2018). Thus, there is substantial evidence of the
applicability of the theory to complex decision-making in the AEC sector.

8.3. Application process for ANP
Ishizaka and Labib (2009), indicate the process to address decision-making problems
with ANP. The process involves (1) the modelling of the problem, (2) development of
pairwise comparison matrices, (3) the derivation of the priorities, which is obtained
through supermatrices, and finally (4) sensitivity analysis for decision-making. In the
given case, as the research objective is the understanding of stakeholder priorities,
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therefore, as no alternative ILS are being evaluated, only the first three processes are
computed.

8.3.1. Step 1: Problem modelling: Defining the model for analysis
The first step within the ANP process, is the development of the network/model through
which the decision-making complexities can be explored (Boateng et al., 2016; Saaty and
Vargas, 2013). As previously seen, the top two levels of the AH, together with the GF
(third tier), encompass what needs to be accomplished by the system (FPs), and how can
we assess if this is accomplished (CVPMs). However, as seen in previous chapters and
previous research (Lee and Tan, 2011; Boys, 2011; Walton and Matthews, 2019), the
design of ILS and their performance measurement depends largely on the needs and
context of each HEI and its users, and therefore, there is no one-size fits all solution, and
priorities are likely varying across institutions and overtime. Within this context, ANP
offers a valuable framework to quantify and clarify the priorities that shape ILS
developments, making stakeholder’s decision-making processes more explicit. Within
Figure 8.2, the ANP model used it is presented, including the acronyms used to reference
the different Functional Purposes (FPx) and Criteria (Cn), which will later be used for the
ANP computations. The model is based on the higher two levels of the Abstraction
Hierarchy of Informal Learning Spaces (AH-ILS), previously developed in chapters 6
and 7.
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Figure 8.2. ANP model for analysis: Decision-making in the design of ILS in HE.

8.3.2. Step 2: Pairwise comparison matrices using the Likert-scale

As explained in Chapter 5 (research methodology), the Likert-scale questionnaire
approach was chosen to collect the data over the traditionally used pairwise comparison
approach. In order to use Likert-scales as input, is necessary to convert the subjective
opinions about single factors into pairwise values, the subjective values resulting from
two elements are to be compared (Kallas, 2011; Middlehurst et al., 2018). For the
conversion, equations (1) and (2) are used. Ca and Cb refer to the subjective value obtained
for two criteria/factors named a and b respectively, within the Likert scale. Depending on
the values, either equation (8.1) or (8.2) will be applied to obtain the pairwise comparison
value Cab.
𝐼𝑓 𝐶1 ≥ 𝐶2 ; 𝑡ℎ𝑒𝑛

𝐼𝑓 𝐶1 < 𝐶2 ; 𝑡ℎ𝑒𝑛

𝐶12 = |𝐶1 − 𝐶2 | + 1

𝐶12 = |𝐶

1

1 − 𝐶2 |+1
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Pairwise Comparison Matrices and Priority Eigenvector
The results from the conversion process above, are then included the pairwise comparison
matrix. In this process, the criteria are them compared, as seen in the previous equations
(8.1) and (8.2), and the result of the conversion (C12) is then including in the respective
location within the matrix (8.3). The inverse position on the matrix can be derived
following the same pairwise comparison process or by obtaining the inverse value of the
previously calculated conversion (i.e. C21 = 1/C12). Following this process, all the
pairwise comparison matrices required by the network model applied are populated.

𝐶1
⋮
𝐴=
⋮
𝐶𝑚

𝐶1

… …

𝐶𝑛

𝐶11
𝐶
[ 21
⋮
𝐶𝑚1

𝐶12
1
⋱
…

… 𝐶1𝑛
⋱
⋮
]
1
⋮
… 𝐶𝑚𝑛

(8.3)

To obtain the priority for each of the criteria based on the above matrix, the priority vector
or eigenvector (w) has to be calculated. To obtain the eigenvector of the matrix (A), the
values of the matrix (rnm) are first normalised, following equation (8.4).

𝑟𝑛𝑚 =

𝐶𝑛𝑚
𝑛
∑𝑚=1 𝐶𝑛𝑚

(8.4)

The result is the normalised matrix of A, from which the eigenvector (w) result in the
mean values from each row (Equation 8.5).

𝑤𝑛 =

∑1𝑛 𝐶𝑚
𝑛

;

𝑤1
⋮
𝑤= [ ⋮ ]
𝑤𝑛
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The eigenvector contains the priority values, which are later inputted within the supermatrix (W), for the whole network. This step is explained after the consistency test.

Consistency test for priority matrices
A key aspect of ANP/AHP pairwise comparison matrices is the consistency of the inputs.
Consistency is used to evaluate if the comparison matrix is reciprocal and the judgements
inputted reliable. The statistical consistency, thus, needs to be tested for each pairwise
comparison matrix. To determine the consistency ration (CR), the following process is to
be followed (Saaty, 1996; Boateng et al., 2016). First, it is necessary to calculate the
maximum eigenvalue (max) of the pairwise matrix. The maximum eigenvalue is
clearing the value on equation 8.6.
𝐴 × 𝑤 = 𝜆𝑚𝑎𝑥 × 𝑤

(8.6)

For this, first is necessary to multiplying the pairwise matrix (A) with the eigenvector (w),
which results in the vector (W).

𝐶11
𝐶
[ 21
⋮
𝐶𝑚1

𝐶12
1
⋱
…

… 𝐶1𝑛
𝑤1
𝑊1
⋮
⋱
⋮
⋮
]× [ ⋮ ] =[ ⋮ ]
1
⋮
𝑤𝑛
𝑊𝑛
… 𝐶𝑚𝑛

(8.7)

Finally, max can be derived by obtaining the average value of the fraction between the
resulting matrix (W) and the eigenvector (w), as seen in equation (8.8).

1

𝑊

𝑊

𝜆𝑚𝑎𝑥 = 𝑛 × ( 𝑤 1 + ⋯ + 𝑤 𝑛 )
𝑛
1
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Using the eigenvalue, calculate the Consistency Index (CI), using the following equation
8.9, n being the order of the pairwise comparison matrix.

𝐶𝐼 =

𝜆𝑚𝑎𝑥 −𝑛

(8.9)

𝑛−1

Finally, using the CI, the CR can be estimated using the following equation 8.10, where
the Random Index (RI) is given by Saaty (1996), depending on the order of the matrix,
as seen in table 8.1. A matrix is considered sufficiently consistent if CR < 0.1.

𝐶𝑅 =

𝐶𝐼

(8.10)

𝑅𝐼

Table 8.1. Random Index (RI) values (Saaty, 1996)

n
RI

1
0

2
0

3
0.58

4
0.9

5
1.12

6
1.24

7
1.32

8
1.41

9
1.45

10
1.49

Judgement Aggregation method
Within the present chapter, a survey questionnaire answered by stakeholders across
various HEI, is used as the input for the ANP model. Thus, a number of subject opinions
are collected. Within ANP/AHP, there are two valid methods to aggregate the opinions
of various stakeholders; aggregating the pairwise comparison matrices from all the
subjects, or aggregating the resulting priorities (Aragon et al., 2012). In this case, the first
option is selected following the Aggregation of Individual Judgements (AIJ) approach
(Middlehurst et al., 2018). The AIJ matrix is calculated through the geometric mean of
all the values within each respondent matrices. As seen in equation 8.11, Ci represents
the pairwise matrix for a single respondent, and m represents the total number of
respondents aggregated. The resulting aggregated matrix (AIJ), is then used to derive the
priorities, applying the steps described beforehand.
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𝑚

𝑚

𝐴𝐼𝐽 = √∏ 𝐶𝑖
𝑖

(8.11)

8.3.3. Step 3: Super-matrix – Eigenvectors
An important part of ANP is the development of the Supermatrices (W) for the entire
network. There are three associates supermatrix; the unweighted, the weighted and the
limit supermatrix, from which the final priorities for the system are obtained. The
supermatrix is arranged based on the clusters included in the network, and the elements
are also included within the respective clusters. The unweighted Supermatrix, is then
developed by inputting the priority vectors obtained from the pairwise comparison
matrices, with respect to the element that they were related to (i.e. the criteria that are
evaluated against each of the functional purposes). The example of an unweighted
Supermatrix can be seen in figure 8.3.

Figure 8.3. Example of a general ANP supermatrix. Adopted from Saaty and Vargas (2013)

Once the unweighted supematrix is completed, it is necessary that the summation of every
column results in 1. Therefore, to achieve this it is necessary to weight the components
against the main clusters, as a result obtaining the weighted supermatrix. If the clusters
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have not been ranked, they will be considered of equal weight, in which case the
unweighted and weighted supermatrices will have the same values.

Limit super matrix: Deriving overall priorities
Finally, the limit supermatrix is obtained by raising the weighted supermatrix to powers
by multiplying it times itself. This process is reflected in the following equation 8.12:

(8.12)
As a result, in the limit supermatrix the values of the priorities will converge, which in
large structures requires complex calculations, particularly if conducted manually. For
the development of the supermatrices, the software SuperDecisions v 2.10 developed to
solve ANP and AHP models, is available for the researcher to perform the calculations
and obtain the limit supermatrix for the given network.

8.4. Results
8.4.1. Descriptive results
The survey questionnaire for the ANP model was sent via email to UK HEI institutions.
An introductory email was sent to the university’s estates, library services, academic
enhancement, PVC office, and Learning Technology Enhancement departments, or the
equivalents depending on the university. The survey questionnaire was also shared
through professional associations such as, AUDE (Association of University Directors of
Estates), UCISA (Information Systems Association), SCONUL (Society of College,
National and University Libraries) and SCHOMS (Media Services Professionals).
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The total number of direct invitations to participate in the survey directly sent by the
researcher was 683. This number does not account for the possible access obtained
through the sharing across the aforementioned associations. The total responses collected
were 186, of which 6 respondents indicated they had no experience in developing ILS,
and another 5 were considered incomplete or invalid answers. As a result, a total of 175
valid answers were further analysed, which accounts for a response rate of 25.6%.
According to Healey et al. (2002) the response rate of online surveys, tend to range the
15-30% range, with a 30% being considered a good response rate. While the response
rate in this case is relatively low, this might be due to the difficulty of locating
stakeholders involved in the design of learning spaces, particularly from the academic
and ICT perspective. This conclusion, although anecdotical, refers to a number of answers
received, where the prospective respondents indicated that they were not directly
involved in the development of the physical environment. This issue might also explain
the higher number of responses received by Estates (n= 65) and Library services (n= 75),
which are regularly involved in developing and managing these spaces, and thus, relevant
stakeholders to the given case of ILS are more easily identified.
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Current Workplace
Previously Worked For

Figure 8.4. Overview of HEI, with at least one stakeholder answering the ANP questionnaire (Google®)

In terms of universities, there a total 165 public HE providers currently operating in the
UK (HESA, 2019). Within the 175 valid answers, 86 HEIs had at least one stakeholder
currently employed answering the questions, and other 13 HEIs where stakeholders
previously worked for. An overview of the geographic location HEIs that answered can
be found in figure 8.4. This equates to a 52.12% of UK HEIs being at least partly covered
within the results, and includes HEI examples, from the different regions within the UK,
primarily from London. Two of the answers received, likely by responding from AUDE
email, were from the Republic of Ireland (University College Dublin). The number of
stakeholders answering the questionnaire per institution ranged between 1 and 6. The
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total answers per department is summarised in the figure 8.5. The number of answers
from Library services (n = 75) and Estates (n=65) are the largest represented departments,
followed by those working on Learning and Teaching processes (academics and
professional services) (n=21) and ICT & AV services (n=9). While the rest of the
respondents indicated they were external design consultants (n =1) or another group not
included in the list (n=4). A possible reason for the higher response number for Estates
and Library services has been previously mentioned, as they are frequently the
departments managing and developing Informal Learning Spaces.

Figure 8.5. Overview of the department/group of the respondents (n=175)

In relation to the experience figure 8.6, the sample appears to offer good insights of the
sector, with a majority of the respondents (51.4%) indicating more than 15-year
experience in HE (n = 90). Meanwhile, 17 of the respondents indicated less than 5-year
experience.
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Figure 8.6. Overview of the experience of respondents( n=175)

8.4.2. ANP results
The ANP results were calculated for the total of the respondents (n=175), and for each of
the stakeholder groups for whom the questionnaire was directed; Estates & Campus
services (n=65), Library Services (n=75), learning & teaching professionals and
academics (n=21) and Learning Technologists, AV and media services (n=9). Within the
chapter, only one pairwise comparison matrix is developed in detail, the resulting
matrices for each stakeholder group, can be found within the supporting materials. The
supermatrices (weighted and limiting), that are used to derive the overall priorities for the
system, for each stakeholder group, can also be found in the appendix D.2..
ANP Pairwise Comparison Matrices
For the purpose of showcasing the ANP process, the priorities are derived for the
Functional Purposes matrix of the aggregated judgements from the entire respondent
sample (n=175). For this, using an excel sheet, the values for the pairwise comparison
matrix from each of the respondents were estimated, using the aforementioned equations
(8.1) and (8.2). The values of the Aggregated matrix are then calculated using the AIJ
approach previously mentioned (Equation 8.11). This is, by calculating the geometric
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mean of each of individuals pairwise matrices. The result is the following matrix (Table
8.2).
Table 8.2. Functional Purpose pairwise comparison matrix for all aggregated judgements
FP Matrix
Cond. Env

Cond. Env.

Student Exp
1

Econ Sust.

Compliance

Community

Image/Rep

0.632

1.714

1.856

1.022

1.131

Student Exp

1.582

1

2.639

2.851

1.703

1.857

Econ Sust

0.583

0.379

1

1.150

0.619

0.674

Compliance

0.539

0.351

0.870

1

0.545

0.596

Community

0.979

0.587

1.615

1.836

1

1.107

Image/Rep

0.884

0.538

1.484

1.677

0.904

1

Total

5.566

3.488

9.322

10.370

5.792

6.365

From the aggregated pairwise comparison matrix, the values of each of column are then
normalised equation (8.4), which results in the following normalised matrix (Table 8.3):

Table 8.3. Normalised FP pairwise comparison matrix for all aggregated judgements.
Normalised
FP Matrix

Cond. Env.

Student Exp

Econ. Sust.

Compliance

Community

Image/Rep

Cond. Env

0.180

0.181

0.184

0.179

0.176

0.178

Student Exp

0.284

0.287

0.283

0.275

0.294

0.292

Econ. Sust.

0.105

0.109

0.107

0.111

0.107

0.106

Compliance

0.097

0.101

0.093

0.096

0.094

0.094

Community

0.176

0.168

0.173

0.177

0.173

0.174

Image/Rep

0.159

0.154

0.159

0.162

0.156

0.157

Total

1.000

1.000

1.000

1.000

1.000

1.000

From the normalised matrix, the priority values (eigenvector) for each criterion is then
calculated using equation (8.5). This is, the average mean of each row of the matrix is
calculated. The resulting priority value/eigenvector (w), is the following one. The results
of the calculation process using Excel, step by step are compared with the results obtained
through the SuperDecisions software (Table 8.4), which is used for the remaining
matrices to expedite the calculation processes.
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Table 8.4. Priorities (eigenvector) derived for FP for the aggregation of all judgements

Eigenvector
Functional Purposes
Conducive Env - FP1
Student Exp. -FP2
Econ. Sust. - FP5
Compliance – FP4
Community – FP3
Image/Rep – FP6

(w) (

∑1𝑛 𝐹𝑃𝑚
𝑛

0.180
0.286
0.107
0.096
0.173
0.158
1.000

)

Results from
SuperDecisions ®
0.17965
0.28583
0.10739
0.09579
0.1739
0.15785

Percentage
17.97%
28.58%
10.74%
9.58%
17.35%
15.79%
100.00%

Rank
2
1
5
6
3
4

Finally, to ensure that the pairwise comparison matrices are consistent, the consistency
test, previously described, is conducted. The first step in the process, is to calculate the
maximum eigenvalue of the pairwise comparison matrix (𝜆𝑚𝑎𝑥 ), which is done solving
equation (8.6), see process above. The resulting eigenvalue is 𝜆𝑚𝑎𝑥 = 6.00214773. The
following step, using the maximum eigenvalue, is to calculate the Consistency Index (CI),
using equation (8.9). The order of the matrix (n) is 6, and therefore the resulting CI is
0.00042955.

With the CI, the constancy ratio (CR) can then be calculated using equation (8.10). The
Random Index (RI) can easily be obtained from table 8.3, which for an order 6 matrix is
1.24. The resulting Consistency Ratio (CR) is 0.00034641, which is lower than the 0.1
threshold indicated by Saaty and Vargas (2013). This indicates, that matrix is consistent,
and thus, the resulting values can be used to estimate the overall ANP network priorities.
For the rest of the pairwise matrices, which can be found in the appendix d.2, the software
Superdecisions, which calculates both priorities and consistency tests, is used.
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Weighted and Unweighted Supermatrix

The next step in the ANP process is to build the Supermatrices to derive the priorities and
values for the overall network. In this section, the supermatrices for the total respondents
(n=175) are calculated. The remaining resulting supermatrices for each of the stakeholder
groups (i.e. estates, library, academics and ICT/AV) are included in the appendix D.2.

The first matrix built directly with the derived priorities resulting from the pairwise
comparisons is the unweighted supermatrix. The resulting unweighted supermatrix,
derived from the priorities calculated through superdecisions, is presented in table 8.5.

Limit Supermatrix
The second step is to weight the supermatrix, this implies weighting the priorities
depending on the values given to the network clusters. In the given case, the two main
clusters (Functional Purposes and “Criteria, Values and Priority Measures”) have the
same weight thus the resulting weighted matrix is the same as the unweighted
supermatrix. The final, step in the ANP process is the calculation of the limit supermatrix.
The limit supermatrix is obtained by raising the weighted supermatrix to powers by
multiplying it times itself, until the values converge into the overall priorities for the
whole network. The process is calculated through the software SuperDecisions. The
resulting limit supermatrix is presented in table 8.6.
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C15
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C14
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C13
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C12
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C11
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C10
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C9
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C8
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C7
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C6
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C5
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C4
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C3
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C2
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

C1
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

FP6
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.28286
0.22810
0.00000
0.00000
0.00000

FP5
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.17892

FP4

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.36617

0.00000

FP3

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.14240

0.14784

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.13937

0.00000

0.08781

0.15241

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000
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Weighted supermatrix – Aggregated stakeholder judgements (n=175)
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Table 8.6. Limit Supermatrix all aggregated judgements

Limit supermatrix – Aggregated stakeholder judgements (n=175)
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8.4.3. Overall network and cluster priorities
From the resulting limit super matrix (Table 8.6), the priorities for the overall network
and for each of the clusters are derived (overall performance column), are obtained
through the SuperDecisions software. The localised priorities, and the normalised
percentages for the functional purposes and criteria clusters, based on the judgements of
each stakeholder group are presented in the table 8.79. Furthermore, the Functional
Purposes and Criteria are ranked, based on the priority values in table 8.8. The codes for
the FP and C, can be found in figure 8.2.

Table 8.7. Localised normalised priorities (for each cluster) and stakeholder group.

FP1

All
Local
0.17965

All
%
17.97%

Estates
Local
0.1503

Estates
%
15.03%

Lib.
Local
0.20411

Lib.
%
20.41%

Acad.
Local
0.17123

Acad.
%
17.12%

ICT
Local
0.18134

ICT
%
18.13%

FP2

0.28583

28.58%

0.29121

29.12%

0.27692

27.69%

0.30286

30.29%

0.30251

30.25%

FP3

0.17349

17.35%

0.16796

16.80%

0.16176

16.18%

0.24597

24.60%

0.13118

13.12%

FP4

0.09579

9.58%

0.09993

9.99%

0.09769

9.77%

0.07557

7.56%

0.11314

11.31%

FP5

0.10739

10.74%

0.11014

11.01%

0.10438

10.44%

0.09344

9.34%

0.13052

13.05%

FP6

0.15785

15.79%

0.18046

18.05%

0.15514

15.51%

0.11092

11.09%

0.14130

14.13%

C1

0.08448

8.45%

0.09158

9.16%

0.08678

8.68%

0.07153

7.15%

0.08202

8.20%

C2

0.06071

6.07%

0.06180

6.18%

0.05797

5.80%

0.06233

6.23%

0.04652

4.65%

C3

0.07268

7.27%

0.07024

7.02%

0.06681

6.68%

0.10251

10.25%

0.06864

6.86%

C4

0.12235

12.24%

0.11588

11.59%

0.12867

12.87%

0.11877

11.88%

0.13367

13.37%

C5

0.01921

1.92%

0.01992

1.99%

0.01778

1.78%

0.01867

1.87%

0.02648

2.65%

C6

0.05820

5.82%

0.05514

5.51%

0.06297

6.30%

0.05565

5.57%

0.05890

5.89%

C7

0.04540

4.54%

0.04955

4.96%

0.04246

4.25%

0.03729

3.73%

0.06350

6.35%

C8

0.03227

3.23%

0.02896

2.90%

0.03468

3.47%

0.02835

2.84%

0.03543

3.54%

C9

0.00697

0.70%

0.00951

0.95%

0.00518

0.52%

0.00693

0.69%

0.00796

0.80%

C10

0.04787

4.79%

0.04977

4.98%

0.04833

4.83%

0.03786

3.79%

0.04370

4.37%

C11

0.04453

4.45%

0.04189

4.19%

0.04606

4.61%

0.05161

5.16%

0.04477

4.48%

C12

0.14410

14.41%

0.13460

13.46%

0.14966

14.97%

0.14372

14.37%

0.15157

15.16%

C13

0.09314

9.31%

0.09645

9.65%

0.08023

8.02%

0.12292

12.29%

0.07773

7.77%

C14

0.03721

3.72%

0.04108

4.11%

0.03071

3.07%

0.04837

4.84%

0.02794

2.79%

C15

0.13086

13.09%

0.13364

13.36%

0.14172

14.17%

0.09348

9.35%

0.13118

13.12%
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Table 8.8. Priorities ranked in terms of importance for the stakeholder groups.
Ranking
All Groups

Ranking
Estates

Ranking
Library

Ranking
Academics

Ranking
ICT/AV

FP1

2

4

2

3

2

FP2

1

1

1

1

1

FP3

3

3

3

2

4

FP4

6

6

6

6

6

FP5

5

5

5

5

5

FP6

4

2

4

4

3

C1

5

5

4

6

4

C2

7

7

8

7

9

C3

6

6

6

4

6

C4

3

3

3

3

2

C5

14

14

14

14

14

C6

8

8

7

8

8

C7

10

10

11

12

7

C8

13

13

12

13

12

C9

15

15

15

15

15

C10

9

9

9

11

11

C11

11

11

10

9

10

C12

1

1

1

1

1

C13

4

4

5

2

5

C14

12

12

13

10

13

C15

2

2

2

5

3

Functional purpose’s cluster
When looking at the priorities from the Functional Purposes cluster, there appears to be
some strong agreement across the 4 stakeholder groups surveyed, particularly in relation
to the purpose of ILS, which their primary purpose appears to be to “positively
contributing to enhancing the on-campus student experience” (FP2). This result aligns
with the findings from Temple et al. (2014), who suggested the importance of the studentexperience on almost all the decisions currently undertaken by UK-HEIs, particularly in
recent years, due to a number of government policy choices, particularly the removal of
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the existing recruitment cap of high-achieving A-level and the new tuition fee regime
introduced in 2012.
In relation to the lowest priorities, all the stakeholders indicated that the constraints of
Compliance with requirements and regulations (FP4) and Economic Sustainability (FP5)
are the lower ranked considerations, which unsurprisingly, are not primary purposes of
the ILS, but rather internal and external constraints that need to be met by the
development for it to be able to operate in the first place (Naikar, 2013). These two
functional purposes do not enhance directly the functionality of the space, while the
remaining do so, by enhancing learning processes and the learning experience, which in
turn can potentially impact broader university operations, such as student recruitment or
academic results.
The biggest differences in terms of ranking amid the stakeholder groups appear to be on
the remaining functional purposes – Providing an environment conducive to learning and
attainment of life skills (FP1), Fostering a sense of community (FP3) and Reputation
Enhancement for the HEI (FP6). The provision of a learning environment is ranked
second by library services and ICT and audio-visual services, which tend to be the ones
operating the space, however, academics and estates tend to favour the community aspect
and the reputation enhancement respectively. The slightly lower prioritisation result from
the academic stakeholders appears surprising, however, it is consistent with the emphasis
on socio-constructivist learning principles, that have shaped library retrofits or ILS
developments, like Information or Learning Commons (Schrader, 2009). This appears to
be further reinforced by the high prioritisation, from academic stakeholders, of criteria
and principles associated with assessing and promoting the sociality of the spaces.
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Criteria’s cluster
In relation to the criteria, there is also a wide agreement in relation to the most important
aspects of an ILS, with all the stakeholder groups selecting the provision of a
psychologically and physically safe environment (C12), and also prioritise highly the
provision of a comfortable indoor environmental quality (C4). Based on Maslow’s
hierarchy of user needs (den Heijer, 2011), safety and comfort, together with pervasive
network access, are considered the basic needs that users of HE spaces have. While other
criteria like aesthetics, or social aspects would target needs of a higher order (Maslow’s
hierarchy). Thus, it is not unexpected that they are considered so fundamental.
Furthermore, research on the most important factors affecting user’s performance in
offices, also suggests that Indoor Environmental Quality (i.e. thermal, acoustics, visual,
and air quality), are heavily prioritise by end-users themselves (Middlehurst et al., 2018).

The biggest difference appears in relation to student satisfaction (C15), which is highly
prioritised by most stakeholder groups, with the exception of the academic’s group, where
its prioritisation is slightly lower in fifth, below the ‘social’ criteria , both in reinforcing
social interactions (C13) and enabling collaborative learning processes (C3). As seen
before, this is consistent with the previously addressed emphasis on community stated in
the functional purpose. Furthermore, there is also a clear agreement on the bottom aspects
featuring costs (C5) as a low priority, and income generation as a marginal criterion (C9).
Unsurprising, taking into account that HEI are non-profit, and most of their income is
generated through tuition fees and research grants, depending on the HEI being either
teaching or research oriented (Temple et al., 2014; AUDE, 2019).
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Amid the lower ranked criteria, surprisingly, there is flexibility and adaptability (C8),
which is an aspect featured frequently in recent learning space design literature, which
calls for developing designs that can adapt to and support multiple learning activities and
styles (JISC, 2006; Radcliffe et al., 2008; UCISA, 2016). However, as seen in the
previous chapters flexibility is a difficult to define criterion, as it often result in sacrifices
over the main purposes for which a space is designed. Another surprisingly lower ranked
criterion is the maximisation of occupancy, usage and access of the space, which was
expected to be featured more highly in the list, as occupancy and use, in terms of heads
counts and business, were often mentioned throughout the interviews as an important
measure for the success of ILS (Chapter 6).

In relation to the learning processes, a key aspect in relation to the purpose of these
developments in the first place. Based on the survey results, within recent ILS
developments, there is a tendency to favour spaces focused on promoting collaborative
learning processes (C3), closely followed by digital and technology enabled learning
processes (C6). When it comes to ‘modern’ learning spaces recent research (JISC, 2006;
Oblinger, 2006; Beckers et al., 2015) argues that student-centred pedagogies and ICT
developments (access to resources) as the biggest factors in shaping retrofits at existing
university estates (Library redevelopments…), consequently, is not surprising that within
the priorities recent ILS developments, individual learning processes (C11) appear to be
featured slightly below.

8.4.4. Limitations of the ANP study
While careful consideration was placed both on the design, analysis, and the overall
process. The research study did, however, have some limitations. First, the choice of
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opting for Likert-scale type questions (Appendix D), instead of the Pairwise Comparison
questions recommended for conducting ANP (Saaty and Vargas, 2013), might have
resulted in different results from the analysis, such as prompting stronger judgements on
the priorities, or introduce a higher degree of inconsistency to the matrices. However, the
choice was taken to promote a higher response rate and involvement from stakeholders,
as the Likert-style questionnaire is substantially shorter than the pairwise-style
questionnaire - 39 questions versus 96 questions.

Furthermore, the reduced sample of respondents from some of the stakeholder groups, in
particular the perspective of academics (e.g. professional services, Pro-Vice Chancellors
(PVC) and deans/directors for L&T matters), or ICT/AV professionals which they are
frequently involved in developments, might not allow to infer strong conclusions from
the priorities from those groups. Particularly, in contrast with library services and estates
professionals, which responded the questionnaire in larger numbers. Finally, the
perspective of other stakeholder groups, could be further explored, in particular design
consultants and architects specialised in the design for HE facilities and spaces.
Furthermore, the perspective of students, in particular from representatives involved in
project steering meetings or that are members of the committees where learning spaces
are discussed (E.g. Student Unions) would also be an interesting perspective.

8.5. Summary of the chapter
The ANP analysis conducted in this chapter, together with the sociotechnical systems
approach developed in previous chapters, can enable a better understanding of the
priorities of different stakeholder/decision-making groups around the developments of
ILS across UK HEIs. ANP, allows not only to understand the priorities of different
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groups, but also to aggregate them so more balanced decisions can be taken. All in all,
the perspectives and priorities from university stakeholders, involved in developing and
operating ILS, appear not to be that diverse across the groups, beyond some small
differences discussed above. This indicates that there appears to be a solid common
ground and understanding around what informal learning spaces are developed for, and
aim to accomplish, including the learning processes and services that should be
prioritised.
In any case, the application of an ANP approach, as well as the application of
sociotechnical design frameworks, such as CWA, should not only be focused on the
‘final’ design solution to the given problem, but it can also be very valuable as a learning
tool for decision makers, designers and managers by helping in understanding the various
linkages among the purposes and functions, clarify their priorities, foster evaluations that
take those into account, and ultimately better understand the intentions behind every
design choice.
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Chapter 9 - Systems Pre-OE
9.1. Chapter introduction

Figure 9.1. Overview of the position within the research design and methods deployed in Chapter 9

This chapter explores a novel methodology to assess ILS design concepts, shaped and
informed by sociotechnical systems theory, and assessed through network analysis
metrics. The proposed ‘systems Pre-OE’ methodology, is one of potential CWA the
applications discussed in Chapter 4 and builds upon the AH model developed in previous
chapters 6 and 7, and the ANP approach presented in chapter 8.

In order to achieve this, the methodology has been trialled based on three recently
developed ILS at a UK-based HE. In order, to provide a quantification, the developed
Abstraction Hierarchies (AHs) based on these cases, are analysed using network analysis.
In particular, applying node centrality measures (Freeman, 1979), which refer to
statistical measures commonly used by network analysts to establish the importance of
actors/nodes in networks or graphs. The use of centrality and network metrics for the
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analysis of Abstraction Hierarchies (AH) has previously been explored via unweighted
networks (Beevers et al., 2016; McClymonth et al., 2018). In those cases, the aim was to
assess the impact of flooding on the functioning of cities and small towns, particularly as
to how functions can be affected when a number of facilities are rendered unusable
(McClymonth et al., 2018). As it has previously been addressed, WDA and the AH have
also been used in evaluation of tenders (Naikar, 2013) or interface designs (Jenkins et al.,
2009), although in these cases the evaluation did not apply statistical metrics, but rather
used the AH to inform choices qualitatively. Thus, the chapter, explores an approach to
conceptualise spatial designs as systems, while acknowledging for stakeholder priorities
and inventory characteristics (quantity and availability resources), though the
conceptualisation of the system as a weighted network. Furthermore, it examines the
implications and suitability of different centrality metrics for assessing ILS.

9.2. Graphs and network theory: Background and types of networks
A network is a conceptualisation of relationships between a number of entities, for
example the study complex social phenomena, biological structures, or even the
functioning of complex infrastructures (Barrat et al., 2008). Networks and their analysis
build upon graph theory, its metrics, and statistical analysis. Networks, in their simplest
form, are characterised by a set of nodes and the edges or vertices that connect them. The
nodes represent the entities in the network, which can range from people, cells,
documents, or other multiple concepts. The edges/vertices serve to represent the
relationships across the different entities (nodes), which can represent information
sharing, collaborations, traffic etc. Figure 9.2 represents a basic graph of 9 nodes and 9
edges. Networks and graphs can be represented in different ways, graphically, as in figure
2, but also numerically, through a list of node pairs, or through an adjacency matrix
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(Figure 9.2. right). This numerical representation, i.e. the adjacency matrix, offers the
basis for computing network analysis metrics (Golbeck, 2013).

A B C D E F G H I J
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0
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Figure 9.2. Example of a basic random network represented graphically and as an adjacency matrix

Basic networks are only characterised by their topology, which is derived from the
vertices/nodes and edges/connections that conform them. However, the social phenomena
that networks aim to represent - i.e. social systems - are also characterised by the
dynamics of relationships across nodes, which can reflect stronger or weaker intensities.
Some aspects that could contribute to heterogenous relations might include traffic flows,
information flow, number of interactions etc. Representing relationship weights is as
important as the topology for the analysis of the network, in particular, if networks aim
to represent complex phenomena more accurately (Barrat et al., 2004). Depending on the
properties of the edges, graphs can be differentiated into four types, as these include
information on relationships across nodes. These properties are used to develop networks
that model more accurately relationships occurring in reality. Based on the properties of
the

edges

the

network

can

be

categorised

unweighted/weighted networks (Golbeck, 2013)
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•

Undirected graphs: There is no specific flow of information assumed within the
network. The edge only indicates a link/relationship between two nodes/actors, or in
the case of the AH model constraints across levels.

•

Directed Networks: There is a clear flow of information or direction between the
nodes in the network. This is reflected by a relationship that will connect one node to
the other, but not vice versa, unless there is a bi-directional flow of information.

•

Unweighted Networks: In unweighted networks there is no weight associated with
the relationships, therefore, the options across nodes is the presence of a connection.

•

Weighted Networks: In weighted networks, edges are weighted and have an
associated quantitative value. These values can both be positive and negative, where
0 indicates no connection at all. In a communication SNAs weights could represente.g. the number of interactions between people (e.g. emails, calls, meetings…).

In the given case of the AH (Naikar, 2013), edge’s representation is that of an undirected
network, as means-ends relationships link nodes across abstraction tiers, without
specifying a direction, but simply indicating a reciprocal connection between them. While
in previous cases the conceptualisation has been represented as an unweighted network
(Beevers et al., 2016; Patorniti et al., 2018; McClymnonth et al., 2018), the use of weights
edges can improve the truthfulness of the AH as a model that can represents reality more
reliably.

At the lower tiers of the abstraction, where the physical form is represented, edge weights
would include information on the number or availability of resources, which can
differentiate the network from similar systems. Likewise, at higher levels of the
abstraction – i.e. FPs and CVPMs – edge weights can be used to represent stakeholder’s

221

Chapter 9 – Proposing a systems Pre-OE
priorities. This can be particularly valuable when conceptualising user-driven or highly
intentional systems, such as a university, where the design intentions and system’s
performance are shaped by socio-cultural norms and values. In those cases, as showcased
in chapter 8, stakeholders might prioritise or favour different aspects of the system,
reflecting different institutional perspectives, which can also be conceptualised as edge
weights across the higher levels of the abstraction.

Within this section, an overview of networks, from a graph theory perspective, is
provided. This has included a review around what compounds a graph, and what different
types of graphs exist. Furthermore, a general discussion on the implications of
conceptualising the AH as a network and the implications in terms of possible network
types has been discussed. In this case, the nodes in the AH represent the purposes, values,
functions, affordances and physical objects, interlinked through edges (i.e. means-ends
relationships) to represent functional structure of an ILS. However, in order to asses and
compare ILS designs, it remains key to establish the means to determine which of these
nodes (i.e. purposes, functions, values, affordances...) are the most critical or important
within the network. The issue of determining node significance within a network, known
as ‘node centrality’, is a critical theme in social network analysis (Freeman, 1979). The
following section examines most widely applied metrics used for describing the position
of the different nodes in networks.

9.3. Centrality measures in SNA
Network centrality has been the basis to explore multiple issues, including the
organisation of transport networks (Barnatt et al., 2004), the diffusion of information and
innovations across various sectors (Mbaru and Barnes, 2017), or determining the
influence of network changes in other nodes (McClymonth et al., 2018). However,
222

Chapter 9 – Proposing a systems Pre-OE
determining the importance of each node within an entire network is not as
straightforward as it might seem, and a range of measures exists for its computation.
Freeman (1979) defined and discussed the implications and meanings of centrality, by
reviewing three common measures used to quantitatively measure it. These three metrics
refer to Degree (DC), Betweenness (BC) and Closeness (CC) centrality. Each of these
three metrics addresses different properties of a node within a network.

9.3.1. Degree centrality
Degree Centrality (DC) is the most intuitive metric, resulting from counting the number
of adjacent nodes connected through an edge, thus, indicating the number of neighbours
of a given node. In terms of computational complexity, the measure is a simple one to
establish. A high degree node can be interpreted as being ‘in the thick of things’ or being
a ‘focal point’ within a network (Freeman, 1979, p.219). In the opposite case, low degree
nodes are seen as peripheral, and therefore seen as isolated from the remaining of the
network. This metric, rather than providing information about the node’s role within the
entire network, is considered a “local quantity” measure. Thus, offering information on
the immediate connections, rather than the entire influence of the node over the whole
network (Barthelemy, 2004). DC of a node (pk) is obtained through the following the
equation (9.1), where a(𝑝𝑖 , 𝑝𝑘 ) = 1, when there is a connection between nodes pi and pk,
otherwise if there is no connection it is computed as 0. This test is done for all the nodes
in the network (n).
𝐷𝐶(𝑝𝑘 ) = ∑𝑛𝑖=1 𝑎(𝑝𝑖 , 𝑝𝑘 ) (9.1)
The measure of DC is a measure partially affected by the network size, as in larger
networks DC can be higher as there are more possible nodes to connect with. Therefore,
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to compare measures across graphs the relative measure of DC (DC*) should be used.
The relative centrality of a point (pk) is obtained through the following equation (9.2),
where n-1 represents the total possible nodes to which pk can be linked to.

𝐷𝐶 ∗ (𝑝𝑘 ) =

𝐷𝐶(𝑝𝑘 )
𝑛−1

(9.2)

9.3.2. Betweenness centrality
BC is a quantitative metric that offers insights around the importance of a node in relation
to the entire network, by measuring the number of “shortest paths between pairs of
vertices that pass-through a given vertex (node)” (Barrat et al., 2004, p. 3748). Shortest
paths, also known as ‘geodesic(s)’, refer to paths with the shortest distance between any
two nodes in the network. In contrast to DC, which is included considered a connection
metric, BC is a global distance metric (Hernandez and Van Mieghem, 2011). Therefore,
BC accounts for the weights of all the edges in its computation. BC in weighted networks
assumes that stronger ties (represented as having shorter distances) are favoured over
those with weaker ties (represented with higher weights). Nodes with high BC values
have more shortest paths going through them, which make them critical in the role of
connecting the entire network. In other words, BC highlights the nodes that act as bridges
within a given network. For instance, on a communication network, the nodes positioned
across more shortest paths (high BC), are key brokers, with the potential to withhold or
influence critical information paths (Gobleck, 2013). BC is a valuable metric to indicate
how central a node is in regard to the ‘control’ it holds over the network. Barthelemy
(2004) also indicates the importance of BC ‘in large complex networks (…) the removal
of a node can have very different effects depending on the node, (…) a cut-vertex removal
creates new disconnected components’. Thus, high BC nodes can also be viewed as nodes

224

Chapter 9 – Proposing a systems Pre-OE
that have a high influence on network’s operations/functioning, which can highlight
potential threats if those nodes would disappear, by disconnecting existing critical paths
within the network (Freeman, 1979). BC of a given node (pi), is calculated using the
following equation (9.3), where gjk refers to all the geodesics (shortest paths) that exist
between two nodes (pj) and (pk), while gjk(i) refers to the number of those geodesics that
go through the node (pi).

𝐵𝐶 (𝑝𝑖 ) = ∑𝑗<𝑘

𝑔𝑗𝑘 (𝑖)
𝑔𝑗𝑘

(9.3)

BC is also a metric that is also affected by the size of the network. In larger networks, BC
will tend to be higher as there are more nodes, which would likely lead towards higher
possible shortest paths going through them. The relative BC value (BC*) can be obtained
following the next ratio (9.4), where the expression below indicates the maximum number
of shortest-paths within an undirected network (Raghavan-Unnithan et al., 2014).

𝐵𝐶 ∗ (𝑝𝑖 ) =

𝐵𝐶(𝑝𝑖 )
[(𝑛−1)∗(𝑛−2)⁄2]

(9.4)

9.3.3. Closeness centrality
Another common measure of network centrality is Closeness Centrality (CC). CC
indicates how close a given node is to all the remaining nodes in the network. It is the
result of the average of the shortest paths from the node to all the other nodes in the
network. The measure serves to identify nodes that are more independent within the
network, this is, they rely in fewer intermediate nodes to reach and connect to the other
nodes in the network (Freeman, 1979). In information networks, for instance, CC is used
to identify which nodes can reach or spread information to the entire network the fastest.
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The measure provides information on the nodes position within the entire network;
therefore, it is considered a global distance measure. Furthermore, CC, similarly to BC,
it is also a distance metric (Hernandez and Van Mieghem, 2011). CC of a given node (pi),
is calculated using the following equation (9.5), where g(j,i) refers to the distance of the
shortest path from node pi to node pj. The result is, therefore, the inverse to the sum of all
the shortest paths.

𝐶𝐶(𝑖) =

1
∑𝑗 𝑔(𝑗,𝑖)

(9.5)

CC is also often normalised (CC*) to as the average length of all the shortest paths, by
dividing the CC(i) by the number of nodes in the network, excluding pi, as shown in
equation (9.6);

𝐶𝐶 ∗ (𝑖) =

𝐶𝐶(𝑖)
𝑛−1

(9.6)

9.4. Systems Pre-OE methodology: Overview of the process
In order to test the potential applicability of WDA and the AH as a tool to evaluate design
concepts, which is one of the three identified potential applications of CWA for the design
and evaluation of buildings and facilities (Chapter 4). The proposed method is trialled in
a conceptual manner to investigate its applicability to assess ILS. The method was tested
using three recently developed informal spaces, used to compare and observe the results
on these three distinct reference designs. This is the first time, that the AH has been
applied to assess designs, although some previous cases in the built environment, such as
design of high-streets (Patorniti et al., 2018; 2019) or modelling of cities functioning
(Beevers et al., 2016, McClymonth et al., 2018). The process is summarised in Table 9.1,
where the stages are described. These include the development of the model and
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derivation of stakeholder priorities, which are covered in detail in chapters 6, 7 and 8 of
this thesis.
Table 9.1. Overview of proposed systems Pre-OE for ILS

Steps of
Description and
System Pre- Activities
OE

Methods and Data Outputs

Step 1:
Establish scope
and domain,
and identify
relevant
stakeholders

Establish clear boundaries of
the domain and scope of the
analysis.
Identify relevant stakeholders
or Subject Matter Experts
(SMEs).

Case, and stakeholder
identification and general
understanding of the usage
and functioning of the
system.

Step 2:
Development
and validation
of an AH

Utilizing the WDA
framework (Naikar, 2013),
develop an Abstraction
Hierarchy (higher levels)
reflecting the functional
structure representative of the
spaces/facilities under study.

Step 3:
Define and
establish
stakeholder
priorities

Utilising ANP (Analytical
Network Process), establish
the priorities from
stakeholders relevant to the
design and management of
the space.
Define the Physical Objects
included in the design, and
the Object-related Processes
that they afford. Determine
the weights associated to the
physical objects. Develop an
adjacency matrix of the AH
networks.
Conduct the network analysis
study of the spaces. Compute
centrality measures.

Literature Review or
Desktop Research,
establishing a broad
understanding of the
context of system (Step
before starting to
model the AH, covered
in chapter 6)
AH development
process (Chapters 4
and 6).
- Semi-structured
interviews (n=15)
- FG or workshop are
also viable
- Validate AH (Delphi
or Workshop)
Questionnaire survey
(n=6)
- Likert-scale or
Pairwise comparisons
(Chapter 8).
Architectural plans and
drawings (including
considered
alternatives), inventory,
Bill of Quantities…
Spreadsheet to develop
the matrix

Finalised adjacency
matrices of the spaces,
including bottom tiers and
weights associated with the
physical objects of each
design to be analysed.

Use a social network
analysis software (e.g.
Geph, NodeXL) or the
R package iGraph.

Degree, Betweenness and
Closeness Centrality
results for the AH
networks.

Step 4:
Development
of the
Adjacency
Matrices
associated to
the AH of the
spaces
Step 5:
Network
Analysis &
Centrality
Metrics
Step 6:
Report and
communication
of the results

Compare results across
different designs. Asses and
evaluate the potential
suitability for each case.
Present results and findings.

Abstraction Hierarchy
reflecting on the highelevel purposes, criteria and
general functions (Top 3
levels)

Weights for the network
analysis, based on the
ANP normalised priorities
for factors at higher levels
of the AH (FPs & VPMs).

Report highlighting
findings in nodes, and
impact of design changes.
Areas to improve and
assessment of alternatives.

9.5. Results from the exploratory Pre-OE methodology applied to ILS

9.5.1 Define and establish stakeholder priorities
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For the exploratory use of the systems Pre-OE, an ANP study, using the questionnaire
survey from chapter 8 (Appendix D), was undertaken based on the perspectives of 6
stakeholders within Heriot-Watt University that had participated in the development of
the examined ILS. The process to derive priorities is explained in detail in chapter 7. The
stakeholders consulted include those involved in the development of the previously
described projects; from the academic perspective, the Pro Vice Chancellor and an
academic quality officer were surveyed. From information services, the head of AV
environments and facility services, and the head of library services, were surveyed.
Finally, from estates and campus services, the head of capital projects and the head of
campus operations were involved. The resulting ANP normalised priority (ANP) values,
and the weights (W) inputted in the models, are presented in table 9.2. To be consistent
with Dijkstra’s algorithm (Opsahl et al., 2010) that is used to compute geodesics (shortest
paths) in networks, the ANP values are inversed (1/ANP value) to obtain the final weights
to be included in the network. Therefore, the lower weighted entities, in this case
represent stronger priorities, which in the network analysis are analysed in terms of
distances, where the shortest distance (lower weight paths) are favoured. In the nonprioritised network, which has also been developed for comparison purposes, the weights
for FPs and Cs equal 1.

Table 9.2. ANP and weights based on HW stakeholder perspectives

FP1
FP2
FP3
FP4
FP5
FP6
C1
C2

All (n=6)

Estates (n=2)

IS/AV (n=2)

W

Academics
(n=2)
ANP
W

ANP

W

ANP

45.8%
100%
38.1%
30.31%
59.54%
41.33%

2.183
1
2.625
3.299
1.680
2.420

29.39%
82.03%
42.52%
53.42%
74.24%
100%

ANP

W

3.402
1.219
2.352
1.872
1.347
1

65.96%
100%
34.26%
13.75%
100%
18.68%

1.516
1
2.919
7.272
1
5.352

43.88%
100%
35.73%
35.73%
36.47%
35.73%

2.279
1
2.799
2.799
2.742
2.799

30.11%
66.49%

3.321
1.504

35.93%
100%

2.783
1

21.90%
31.02%

4.567
3.224

24.91%
69.93%

4.015
1.430
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C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15

48.78%
37.17%
29.64%
34.93%
75.82%
45.25%
100%
12.61%
7.10%
35.64%
44.05%
82.99%
21.51%

2.050
2.690
3.374
2.863
1.319
2.210
1
7.932
14.091
2.806
2.270
1.205
5.649

36.06%
32.56%
13.44%
26.22%
60.90%
79.24%
58.00%
14.53%
8.00%
47.96%
58.75%
93.28%
19.60%

2.773
3.071
7.440
3.814
1.642
1.262
1.724
6.881
12.502
2.085
1.702
1.072
5.101

44.54%
27.24%
27.24%
21.64%
36.46%
23.91%
100%
10.80%
2.86%
41.10%
19.83%
52.58%
9.54%

2.245
3.671
3.671
4.621
2.743
4.182
1
9.262
34.946
2.433
5.042
1.902
10.477

39.37%
28.11%
37.72%
37.72%
96.81%
32.80%
100%
6.27%
7.68%
17.50%
51.84%
59.92%
26.07%

2.540
3.558
3.056
3.056
1.033
3.049
1
15.944
13.029
5.714
1.924
1.669
3.836

Development of the Adjacency Matrices associated to the AH of the space
The three selected projects are part of the redevelopment of learning spaces process that
has occurred at HWU. Therefore, the model developed in Chapters 6 and 7 was based on
the experience of stakeholders, via in-depth interviews, review of project documentation
and review of documents that guided the decisions, it is directly applicable to these
spaces. The three selected spaces fit the mould given by the ILS definition by Harrop and
Turpin (2013); ‘non-discipline specific spaces frequented by both staff and students for
self-directed learning activities and can be within and outside library spaces’.
Furthermore, they represent three spaces comparable in terms of the capacity and size.
An overview of the selected cases is presented in table 9.3. A more detail description,
including drawings, images, and the inventory (and weights) used to model each ILS can
be found in Appendices E.1-3.
Table 9.3. Overview of the three ILS cases used in the exploratory application of the systems Pre-OE
ILS
Learning
Commons
1

Build
type
Retrofit
(Fit-out
inc.
building
services)

NIA
800
m2

Capacity
(Spaces)
200

Opening
Year
Fall 2016
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Management
(Department)
Information
(library)
Services

Available
Settings
Private Group
Rooms,
Individual
desks, plectrum
tables with PCs,
various informal
settings…

Available
Services
Café &
Restaurant,
Retail,
ICT/AV
support, and
general
helpdesk
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James
Watt
Centre

Retrofit
(Fit out,
inc.
building
services)

850
m2
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Fall 2017

Campus
Services

GRID
L&C
Suites 1
&2

New
Build
(Entire
facility)

875
m2
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Summer
2019

MACS, EPS
& Enterprise
& Business

Enterprise area,
general lounge
setting, enclosed
area with
individual
carrels and
tables for
groups.
2 open areas
with group
rooms, tables
for groupwork
with shared
screen, various
lounge seating,
plectrum tables
with PCs,
individual
carrels.

Café service,
close
proximity to
lecture
theatres

General café
service,
ICT/AV
support, close
to computer
labs and
maker’s
spaces.

Adjacency matrix development
The three ILS presented above (Appendix E.1) were modelled with three resulting AH.
Based on these and the different weights derived from the stakeholders’ priorities (Table
9.2) a total of 15 adjacency matrices have been developed for the ensuing network
analysis. The adjacency matrices can be accessed within the supporting documents in
comma separated value format (.csv).

Figure 9.3 presents a summary of the 15 matrices based on the different variables. This
will serve as the basis to explore the impacts of both the stakeholder priorities and
different designs over the systems Pre-OE results. In regard to the physical objects for the
three spaces presented above, weights were assigned based on the number spaces, given
as a percentage of total capacity available in the space. In a similar way to that of the
higher levels, to be consistent with the Dijkstra’s algorithm, the values obtained have
been inversed. The weights and inventory details, for each of the spaces (LC, JWC and
GRID), are provided in Appendix E.3.
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All (n=6)
James Watt
Centre
Learning
Commons
GRID L &
C

Stakeholder Priorities (Weights)
Inf.
Estates
Academics
Services
(n=2)
(n=2)
(n=2)

No
Priorities
(W = 1)

126 nodes/vertices (factors) and 433 edges (means-ends links)
148 nodes/vertices (factors) and 496 edges (means-ends links)
161 nodes/vertices (factors) and 579 edges (means-ends links)

Figure 9.3. Overview of networks and developed adjacency matrices

For the analysis of the networks, the 3 centrality measures discussed earlier in this chapter
were computed, as to establish the centrality of the different nodes at the 5 tiers of the
AH. To ensure the network size, which differ across the three spaces, with GRID
possessing a total of 161 nodes, the LC 148, and the JWC 126, the Degree, Closeness and
Betweenness centrality values have been normalised per abstraction tier to enable the
comparison across cases. The values are obtained using the normalised against the highest
values at each of the hierarchy levels. The following section presents the top results and
resulting graphs that will serve as the basis for discussing the implications of each of the
metrics (i.e. how can they be interpreted in the context of evaluating ILS).

9.6. Results of the network analysis
9.6.1. Degree centrality results
Degree centrality (DC) is the least complex metric of network centrality, and it indicates
how well connected is a node. This is done by counting the number of direct connections
that a given nodes has. Therefore, it is a local measure, rather than a measure that accounts
for the whole network. DC is a measure that depends solely on the architecture of the
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network and fails to account for the intensity and strength of the connections. The results
of DC, for the three spaces are summarised as follows (Table 9.4).
Table 9.4 Overview of highest DC results per tier for each of the cases

Functional Purposes – Same Dc* across cases
FP2 – Enhance the student Experience (8): 100%
FP5 – Contribute to build a sense of community (7): 87.5%
FP1 – Environment conducive to learning and soft skills (6): 75%
FP3 – Financial Sustainability (5): 62.5%
FP6 – Reputational Enhancement (4): 50%
FP4 – Compliance with internal and external requirements (3): 37.5%

Criteria, Values and Priority Measures – Same across cases (Highest Norm. Dc*)
C7 – Student Satisfaction (20): 100%
C1 – Occupancy Usage and Access (9): 45%
C3 – Maximise Social Interactions (8): 40%
C8 – Staff Satisfaction (8): 40%
C9 – Safe Environment (8): 40%

Generalised Functions (Highest Norm. Dc*)
Learning Commons
GF6 – Respite and non-learning
activities (25): 100%
GF4 – Fac. individual
TE/Digital study and work (21):
84%
GF3 – Fac. collaborative
TE/Digital study and work (21):
84%
GF11 – Visual Comfort (16):
64%
GF14 – Provide/Develop
Place’s Atmosphere &
Ambience (16): 64%

James Watt Centre
GF6 – Facilitate Respite and
non-learning activities (20):
100%
GF4 – Fac. individual
TE/Digital study and work (20):
100%
GF14 – Provide/Develop
Place’s Atmosphere &
Ambience (18): 90%
GF3 – Fac. collaborative
TE/Digital study and work (17):
85%
GF7 – Fac. Large Gat/Meet
(15): 75%

GRID Learning &
Collaborate
GF6 – Facilitate Respite and
non-learning activities (25):
100%
GF4 – Fac. individual
TE/Digital study and work (23):
92%
GF3 – Fac. collaborative
TE/Digital study and work (23):
92%
GF14 – Provide/Develop
Place’s Atmosphere &
Ambience (19): 76%
GF7 – Fac. Large Gat/Meet
(18): 72%

Object Related Processes – Affordances (Highest Norm. Dc*)
Learning Commons
AF4 – Physical Barriers (i.e.
fixed or obstacles): 100%
AF16 – Encourage the practice
of BYOD: 93.75%
AF26 – Communicate Expected
Behaviours (Usage): 93.75%
AF10 – Access to Electric
Power: 81.25%
AF9 – Access to Network
(eduroam): 68.75%

James Watt Centre
AF1 – Provide seating for long
period (ergonomic): 100%
AF2 – Provide a surface for
work (ergonomic height):
92.31%
AF16 – Encourage the practice
of BYOD: 93.31%
AF23 – Access to Natural
Lighting: 93.31%
AF5 – Aff. Congregating Ind.
and Small Groups 1-4 People:
84.62%

GRID Learning &
Collaborate
AF16 – Encourage the practice
of BYOD: 100%
AF9 – Provide network access
(eduroam): 100%
AF22 – Access to natural
features (Views, biophilic
design): 100%
AF21 – Facilitates Noise
Reduction/Control: 92.31%
AF26 – Communicate Expected
Behaviours (Usage): 92.31%

Physical Objects/Form (Highest Norm. Dc*)
Learning Commons
PO2 – Enclosed Project/Group
Rooms (23): 100%
PO5 – Semi-enclosed booth
seating area (14): 60.87%
PO1 – Plectrum tables with
Desktop PCs (11): 47.83%

James Watt Centre
PO10 – Large screens with
built-in PCs at Bruce room (15):
100%
PO9 –Tables with separators at
Bruce Room: 80%
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GRID Learning &
Collaborate
PO3 – Enclosed/bookable
project rooms with AV (22):
100%
PO10 – Tables with PCs and
screen built-in (20) :90.9%
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PO6 – Perimeter Bench with
ind. Seats (10): 43.5%
PO4 – Sofas/crush spaces in the
middle of LC (9): 39.1%

PO7 – Group tables at Gibson
Room: 80%
PO8 – Individual booths/carrels
at Gibson Room (11): 73.33%
PO11 – Lounge seating
(Carnegie room) at entrance
(10): 66.66%

PO9 – Bookable project rooms
without AV tech. (19): 86.4%
PO12 – Area with mixed of
sofas and booths at CL 2 (18):
81.8%
PO5 – Y shaped plectrum tables
with PCs (15): 68.2%

The results obtained by DC, which as stated before, is a measure for the connections, are
the same across the three ILS studied at the FPs and Criteria tiers of the hierarchy. From
the results based on the model developed in Chapters 6 and 7, in terms of FPs this reflect
the immediate connections of these with the criteria below. While the FPs appear to be
quite balanced in relation to the metrics that are available, with the primary purposes of
ILS having a higher DC (e.g. “FP2 - positively impacting the student experience” or “FP1
- providing an environment conducive to learning…”) in comparison with the secondary
objectives/external constraints (e.g. “FP 4 - Compliance with requirements”). In terms,
of the criteria, the DC values appear to be similar across the nodes included in the model,
with the exception of the “C8 - Student Satisfaction”, which more than doubles the DC
of the criterion with the second highest DC (“C1 – Occupancy and Usage”). This
indicates that the criterion is key for determining if the FPs of the system are being met
and it is considered as a central result of the GFs at the lower tier.

The changes in DC across the three spaces can be observed in the bottom levels of the
AH, as the ORPs and POs across the three spaces change considerably. At the POs, the
highest DC values pertain to the different settings that can be found in the spaces, which
include various furniture and technologies (e.g. LC’s “PO2 – Enclosed project/group
rooms” with a DC of 23), thus, affording a higher number of ORPs than POs which exist
just for a unique function (e.g. GRID’s “PO 29 - smoke detectors” with a DC of 1). This
variability across the physical form, it’s shown in the ORPs (figure 9.5), and at a smaller
extent in the GFs (figure 9.4). In the GFs, as it can be appreciated some variability across
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spaces exist, which refers to the links with the ORPs below, some of which differ across
the 3 cases.

Figure 9.4. DC values (normalised to highest) of the nodes at the GFs tier

Figure 9.5. DC values (normalised to highest) of the nodes at the ORPs tier

9.6.2. Closeness centrality results
Closeness centrality (CC) measures how close a node is to the rest of nodes in the
network. Thus, nodes with the highest CC values are consider more central as they can
reach any other node in the network the fastest, while those with lower closeness rely on
connecting through a higher number of nodes in the network. CC measures the centrality
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of a node in relation to the whole network, instead of being a local measure as is the case
with DC, which makes its computing more complex. A summary of the CC results is
presented in table 5, which includes results from the perspective of all (n=6) stakeholders
for the three cases (LC, JWC and GRID) and the results from the different stakeholder
group’s perspectives for the GRID case (Estates, academics, IS, and non-prioritised).
Based on the CC results, to critically review the potential usefulness of the metric in
assessing the impact of designs over the system, the influence of both different designs,
and different stakeholder perspectives on the CC of the nodes at different tiers of the AH
is explored in the explored as follow.

Impact of different designs on different tiers of the AH: CC
The comparison is based on the results from a perspective of all stakeholders surveyed at
HW (n=6), for the three cases of ILS. In the table 9.5, those refer to the first three columns
starting from the left. Figures 9.6 and 9.7 indicate that the impact of changes in spatial
designs (represented by the three cases) are minimal, and CCs values and the status of the
Criteria and FPs nodes remain similar across the three cases.

Figure 9.6. Normalised CC results from all stakeholder (n=6) perspective for FPs and Cs for the three ILS
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Figure 9.7. Normalised CC results from all stakeholder (n=6) perspective for the Cs for the three ILS

When looking at the results obtained for the nodes GFs and ORPs tiers below (Figure 9.8
and 9.9 respectively), there is a slightly higher variability on the CC values and rankings
across the three cases. Another aspect that can be observed is that the CC values remain
within a relatively small range across all the nodes, in particular for the GFs and ORPs.
For instance, in the ORPs tier the difference between the nodes with the highest (i.e. AF9
– “Provides access to internet network”) and lowest (i.e. AF29 – “Enables collection of
fares”) ranges between 22.21% and 24.76% depending on the case. This might suggest
that while rankings might change, the measure of CC fails to provide a succinct
perspective of the critical nodes at these intermediate tiers. In the GFs tier, these range is
reduced further, where the difference between the highest and lowest CC is a maximum
of 17.47%.
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Figure 9.8. Normalised. CC results from all stakeholders (n=6) perspective for GFs for the three ILS

Figure 9.9. Normalised CC results from all stakeholders (n=6) perspective for ORPs/Affordances for the
three ILS
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0.177
0.159
0.137
0.136
0.118
0.113

100%
89.5%
77.3%
76.9%
66.6%
64%

0.205
0.184
0.171
0.171
0.170

100%
89.7%
83.5%
83.3%
83%
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0.203
0.199
0.197
0.197
0.194

100%
98.3%
97.3%
97.2%
96%

0.197
0.192
0.191
0.191
0.188

100%
97.8%
97.1%
97%
95.7%

0.235
0.216
0.199
0.193
0.191

AF9
AF32
AF22
AF7
AF23

FP2
FP5
FP1
FP6
FP4
FP3

0.190
0.169
0.145
0.144
0.124
0.119

100%
88.5%
76.4%
75.4%
65.2%
62.2%

FP6
FP2
FP5
FP4
FP3
FP1

0.188
0.184
0.176
0.152
0.130
0.121

100%
97.9%
93.6%
80.5
69.1%
64.5%

FP5
FP2
FP1
FP3
FP6
FP4

0.175
0.171
0.157
0.107
0.092
0.082

100%
97.6%
89.8%
61%
52.7%
46.6%

CC* Academics (n=2)
GRID
FP2
FP5
FP6
FP1
FP4
FP3

0.193
0.148
0.144
0.139
0.131
0.116

C7
C9
C14
C3
C2

0.224
0.199
0.187
0.183
0.181

100%
89.1%
83.5%
81.7%
81.1%

C7
C14
C2
C8
C9

0.212
0.194
0.193
0.193
0.177

100%
91.4%
91.3%
90.7%
83.3%

CC* Estates (n=2)
GRID
C9
C7
C3
C14
C12

0.198
0.175
0.172
0.164
0.161

100%
88.2%
87%
82.7%
81.5%

CC* Academics (n=2)
GRID
C7
C9
C2
C14
C3

100%
98.5%
98.1%
96.4%
95.4%

GF4
GF6
GF14
GF3
GF11

0.216
0.216
0.214
0.213
0.212

CC* All (n=6)
GRID
100%
100%
98.8%
98.5%
98.2%

GF4
GF6
GF14
GF3
GF16

0.216
0.215
0.212
0.212
0.210

100%
99.6%
98.3%
98.3%
97.5

CC* Estates (n=2)
GRID
GF4
GF14
GF6
GF3
GF11

0.206
0.205
0.205
0.203
0.201

100%
99.7%
99.5%
98.3%
97.4%

CC* Academics (n=2)
GRID

0.219
0.214
0.214
0.213
0.213

100%
97.9%
97.9%
97.5%
97.5%

AF9
AF7
AF77
AF16
AF32

0.214
0.206
0.206
0.205
0.204

CC* All (n=6)
GRID
100%
96.1%
96%
95.5%
95.1%

AF9
AF7
AF77
AF16
AF32

0.215
0.207
0.207
0.206
0.205

100%
96.3%
96.1%
95.8%
95.1%

CC* Estates (n=2)
GRID

AF9
AF7
AF77
AF32
AF35

0.205
0.201
0.200
0.198
0.197

100%
97.8%
97.7%
96.7%
96.1%

CC* Academics (n=2)
GRID

100%
83.9%
78.3%
77.5%
72.4%

GF4
GF6
GF14
GF11
GF3

0.216
0.216
0.214
0.213
0.212

A9
AF7
AF77
AF16
AF32

0.213
0.205
0.205
0.204
0.203

100%
96.1%
96%
95.4%
95.1%

CC* Inf. Services
(n=2) GRID

100%
99.9%
98.9%
98.8%
98.3%

CC* Inf. Services
(n=2) GRID

0.237
0.199
0.185
0.183
0.171

CC* Inf. Services
(n=2) GRID

Generalised Functions (Top 5 nodes based on Closeness Centrality)

100%
91.6%
84.7%
82.2%
81.2%

CC* All (n=6)
GRID

100%
76.9%
74.7%
72.3%
68%
60.2%

CC* Inf. Services
(n=2) GRID

Object Related Processes – Affordances (Top 5 nodes based on Closeness Centrality)

0.232
0.228
0.227
0.223
0.221

CC* All (n=6)
JWC

GF14
GF6
GF4
GF11
GF3

CC* All (n=6)
JWC

C7
C9
C14
C2
C3

100%
88.6%
76.2%
74.4%
65.2%
61.5%

CC* Estates (n=2)
GRID

Functional Purposes (Closeness Centrality of Nodes)
CC* All (n=6)
GRID

Criteria, Values and Priority Measures (Top 5 nodes based on Closeness Centrality)

0.200
0.178
0.153
0.149
0.131
0.123

CC* All (n=6)
JWC

FP2
FP5
FP1
FP6
FP4
FP3

CC* All (n=6)
JWC

Table 9.5. Overview of CC results normalised per level for the three cases and from various stakeholder perspectives in the GRID case

AF9
AF7
AF32
AF16
AF20

CC* of All (n=6)
Learning Com.

GF6
GF4
GF3
GF16
GF13

CC* of All (n=6)
Learning Com.

C7
C9
C3
C14
C2

CC* of All (n=6)
Learning Com.

FP2
FP5
FP1
FP6
FP4
FP3

CC* of All (n=6)
Learning Com.
0.208
0.207
0.203
0.200
0.199
0.184

0.251
0.225
0.217
0.211
0.210

0.231
0.230
0.227
0.226
0.224

AF9
AF77
AF7
AF16
AF35

0.228
0.217
0.216
0.216
0.214

CC* No priority
values GRID

GF4
GF6
GF3
GF14
GF11

CC* No priority
values GRID

C7
C1
C3
C8
C12

CC* No priority
values GRID

FP5
FP2
FP6
FP1
FP3
FP4

CC* No priority
values GRID

100%
95.4%
94.9%
94.9%
93.9%

100%
99.7%
98.3%
97.7%
96.9%

100%
89.3%
86.4%
83.9%
83.4%

100%
99.4%
97.7%
96%
95.8%
88.7%
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A cause for the similarity between CC values at intermediate levels of the AH refers to
the form/topology of the network. Unlike the DC results, which result from the direct
connections of the nodes, CC measures the average distance of all the shortest paths from
a node to every other node in the network. Therefore, the hierarchy form/topology, across
5 well-connected tiers, results in all the nodes at the same tier having a similar distance
to the levels below or above, in particular when these are not directly linked through
weighted edges, as it occurs in the GFs and ORPs tiers. In contrast, at the top tiers (FPs
and Cs) where the CC values signify more evident differences, as the nodes are on the
periphery and the edges are weighted, which influences the shortest path averages. As
seen in table 9.5, the CC value of FP03 (“Financial Sustainability”) is around 40% lower
than FP02 (“Providing a positive student experience”). Similarly, at the opposite side of
the hierarchy (POs), the CC values differ up to 94% showcasing the impact of weights,
as represented by the availability of resources in the space.

Impact of stakeholder priorities at different tiers of the AH: CC
The results here, are based on the comparison of the perspectives from the different
groups of stakeholders for the ILS at the GRID facility. In the table 9.5, the results refer
to the five columns starting from the right side. Figures 9.10 and 9.11 indicate that the
different weights given by different stakeholders result in a high variance in the CC
values, which also influences the ranking of FPs and Cs, of the nodes at these tiers. As
reviewed before, in figure 8, it can be appreciated that at these higher tiers the difference
between highest and lowest CC results it is visibly appreciated. In the FP tier, the
difference accounts for more than 50% - i.e. academic’s perspective between the highest
FP05 “Promoting a sense of community” to the lowest FP04 “Compliance”. Meanwhile,
in the C tier it accounts for 63% - i.e. Information Services’ perspective between highest
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“C07 – Student Satisfaction” and the lowest “C10 – Flexibility and Adaptability”.
However, when weights are not included (as it is the non-prioritised baseline case – light
green), the variance in CC values gets reduced to around 20%, which showcases how
sensitive CC measures are to changes in edge weights.

Figure 9.10. Normalised CC for FPs results for GRID from the perspectives of different stakeholder
groups

Figure 9.11. Normalised CC for the Cs results for GRID from the perspectives of different stakeholder
groups

In regard to the impact on the nodes at the intermediate tiers (GFs and ORPs), as shown
in figures 9.12 and 9.13) the variance of CCs resulting from comparing different
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stakeholder perspectives is reduced, in particular at the ORPs tier (figure 9.13). Beyond
the variance, the differences between highest and lowest CC results, as discussed in the
previous case, also get reduced in this case. In the GFs, in the academic’s perspective
model where “GF20 – Sanitary function” is 28% lower than the CC of “GF4 – Facilitate
individual technology enables work and study”, probably influenced from the lower
prioritisation of Compliance from at the higher levels. The difference is similar in the
case of ORPs level, where the most central node “AF29 – Enables collection of fares” is
only 28% lower than the least central node “AF9 – Provide access to internet network”.

Figure 9.12. Normalised CC (GFs) results for GRID from the perspectives of different stakeholder groups

Figure 9.13 Normalised CC (ORPs) results for GRID from the perspectives of different stakeholder
groups
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9.6.3 Betweenness centrality results
The final network centrality measure computed is Betweenness centrality (BC). BC
measures centrality based on how frequently a node is crossed by the shortest paths
between other nodes in the network. High BC nodes determine which nodes serve as
bridges and are transitioned by key paths within the network. In the case of the AH, this
can be attributed to determining which nodes, based on their interconnections are critical
in connecting and enabling higher level purposes, criteria or key functions. BC, similarly,
to CC, is a distance measure (as it involves computing shortest paths), and it is also a
measure of the centrality of a node in relation to the whole network. A summary of the
BC results is presented in table 9.6, which includes results from the perspective of all
(n=6) stakeholders for the three cases (LC, JWC and GRID) and the results from the
different stakeholder group perspectives for the GRID case.

As in the previous DC and CC, based on the BC, normalised to per tier, resulting from
the analysis are reviewed as to explore their usefulness in assessing the impact of different
designs at the different AH tiers, and the influence from different stakeholder perspectives
on those AH tiers.

Impact of different designs at different tiers of the AH: BC results
These comparison uses the results obtained from the three adjacency matrices, for each
of the ILS cases, that were developed with the ANP priorities resulting from aggregating
all (n=6) the HW stakeholders that completed the survey. In the summarised results
(Table 9.6), the BC results refer to the first three columns starting from the left. Within
the nodes at the higher tiers (FPs and Cs), in a similar fashion to the results derived from
computing CC, the impact of each ILS is hardly observed in the BC results, where the
three cases have a very low variance in the normalised BC values, this is functions are
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similarly prioritised once the network size factor is removed, as shown in figures 9.14
and 9.15. However, BC, offers a wide range across the values obtained, highlighting
clearly which nodes are more central (serving as critical bridges connecting the network)
for the cases.

Figure 9.14. Normalised BC results from all (n=6) perspective for the FPs for the three ILS

Figure 9.15. Normalised BC results from all (n=6) perspective for the Cs for the three ILS

As can be seen in figure 9.16, the impacts from the different designs studied start to be
visibly characterised in the GFs level, where some GFs are prioritised and ranked
differently across cases (Table 9.6). Furthermore, the differences between highest and
lowest BC, are noticeable at this levels, and even between the cases, where for example,
243

Chapter 9 – Proposing a systems Pre-OE
GF14 (“Generate atmosphere and ambience”) is quite differently supported by each
design, for example in the JWC, this results in a normalised BC of 90% compare to the
highest BC value, which is likely resulting from the extensive use of natural lighting,
artwork, wallpapers with university messages and values, lounge seating, and other
decorative solutions present in this ILS. Meanwhile, the same GF14 in the LC, only
represents a 39% compared to the highest BC node. Therefore, the impacts of design
choices seem to be echoed evidently within this tier when computing BC metrics.

Figure 9.16. Normalised BC results from all stakeholder (n=6) perspectives for the GFs for the three ILS

Figure 9.17. Normalised BC results from all stakeholder (n=6) perspectives for the ORP for the three ILS
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100%
91.5%
80.9%
76.1%
70.6%

BC of All (n=6)
Learning Com.
AF32 695
AF26 636
AF35 562
529
AF9
491
AF7

100%
54.3%
29.1%
0%
0%
0%

100%
55.3%
29%
0%
0%
0%

BC Estates (n=2)
GRID
100%
428
FP2
68%
291
FP3
27.8%
119
FP5
21.3%
91
FP6
0%
0
FP1
0%
0
FP4

BC Academics (n=2)
GRID
966 100%
FP5
599 62%
FP2
442 45.8%
FP3
0%
0
FP1
0%
0
FP4
0%
0
FP6

Functional Purposes (Betweenness Centrality of Nodes)
BC All (n=6)
GRID
510
FP2
282
FP3
148
FP5
0
FP1
0
FP4
0
FP6

BC Inf. Services
(n=2) GRID
697 100%
FP2
320 45.9%
FP3
11.6%
81
FP5
0.1%
1
FP6
0%
0
FP1
0%
0
FP4

100%
73%
30.7%
13.1%
11.4%

BC Estates (n=2)
GRID
100%
574
C7
73.4%
421
C2
68.4%
393
C8
66.3%
381
C14
54.7%
314
C13

BC Academics (n=2)
GRID
1290 100%
C9
45.2%
583
C1
44.3%
572
C3
20%
257
C7
9.4%
122
C14

BC Inf. Services
(n=2) GRID
1191 100%
C7
69%
821
C9
38.3%
457
C13
4.6%
55
C3
2.1%
25
C14

100%
91.6%
90.3%
72.1%
68.7%

BC All (n=6)
GRID
1796
GF6
GF19 1276
GF17 1271
GF16 1108
1105
GF4
100%
71%
70.7%
61.7%
61.4%

BC Estates (n=2)
GRID
1777 100%
GF6
1305 73.4%
GF17
1221 68.7%
GF19
1221 68.7%
GF16
1097 61.7%
GF4

BC Academics (n=2)
GRID
1888 100%
GF6
GF19 1314 69.6%
GF14 1275 67.5%
GF17 1255 66.5%
GF16 1178 62.4%

BC Inf. Services
(n=2) GRID
1803 100%
GF6
1320 73.2%
GF17
1278 70.9%
GF19
1142 63.3%
GF16
1125 62.3%
GF14

Generalised Functions (Top 5 nodes based on Betweenness Centrality)

100%
87.7%
33.7%
13.8%
12.1%

BC All (n=6)
GRID
1015
C7
742
C9
312
C13
133
C1
116
C14

BC All (n=6)
JWC
AF32 535
AF26 487
AF35 487
AF16 346
321
AF9
100%
91.1%
91%
64.8%
60.1%

BC All (n=6)
GRID
AF35 757
AF26 685
AF32 622
555
AF9
AF64 470
100%
90.5%
82.1%
73.4%
62.1%

BC Estates (n=2)
GRID
100%
767
AF35
89%
682
AF26
75.5%
579
AF32
72.1%
552
AF9
62.3%
477
AF64

BC Academics (n=2)
GRID
100%
AF35 791
92.7%
AF32 733
87.3%
AF26 691
73.4%
581
AF9
68.4%
541
AF7

BC Inf. Services
(n=2) GRID
100%
751
AF35
91.6%
688
AF26
84%
631
AF32
75.6%
567
AF9
64.8%
486
AF7

Object Related Processes – Affordances (Top 5 nodes based on Betweenness Centrality)

BC All (n=6)
JWC
968
GF6
GF14 886
GF19 874
GF16 698
665
GF4

BC All (n=6)
JWC
724
C7
635
C9
244
C13
100
C1
87
C14

Criteria, Values and Priority Measures (Top 5 nodes based on Betweenness Centrality)

BC All (n=6)
JWC
409
FP2
222
FP3
119
FP5
0
FP1
0
FP4
0
FP6

Table 9.6. Overview of BC results normalised per level for the three cases and from various stakeholder perspectives in the GRID case

100%
67%
53.2%
48.9%
45.9%

100%
72.2%
29.2%
14.1%
5.8 %

BC of All (n=6)
Learning Com.
942
C7
680
C9
275
C13
133
C1
55
C3

BC of All (n=6)
Learning Com.
1835
GF6
GF16 1230
GF19 976
897
GF8
842
GF4

100%
55.2%
28.9%
0%
0%
0%

BC of All (n=6)
Learning Com.
467
FP2
258
FP3
135
FP5
0
FP1
0
FP4
0
FP6

BC No priority values
GRID
100%
AF26 605
91.8%
AF35 556
68.2%
413
AF9
59.4%
AF64 360
56.6%
AF22 343

BC No priority values
GRID
1812 100%
GF6
GF19 1296 71.6%
1138 62.8%
GF4
1073 59.2%
GF3
GF17 1010 55.8%

BC No priority values
GRID
2342 100%
C7
15.8%
371
C1
12.5%
293
C8
9.2%
215
C3
8.7%
203
C9

BC No priority values
GRID
108 100%
FP2
74.8%
80
FP5
42.1%
45
FP3
41.1%
44
FP1
18.6%
20
FP6
6.7%
7
FP4

Chapter 9 – Proposing a systems Pre-OE

Chapter 9 – Proposing a systems Pre-OE

At the ORPs (Figure 9.17), the impact of designs can also be noticed, as BC measure have
variance across each of the three designs, which reflects on ranking of the most important
nodes (those with the highest BC) for each of the ILS (Table 9.6). Beyond the variance
across cases, the differences between highest and lowest BC results, as in the previous
case result in very differentiated values, as represented by the frequent high peaks (Figure
9.17). This, as is the case with the previously discussed GFs, aids in clearly identifying
the most central nodes, based on their Betweenness in the network, this is, how important
they are in linking nodes across the entire network.

Impact of stakeholder priorities at different tiers of the AH: BC
The following results are based on the comparison of the perspectives from the different
groups of stakeholders for the ILS at the GRID facility. In the summarised table 9.6, the
results are showed in the five columns starting from the right side (coloured grey). The
aim of comparing these results is to observe the impact that changes in stakeholder
priorities can have on the nodes at the different tiers of the AH, based on the BC metric.

Figure 9.18. Normalised BC results FPs tier for GRID from the perspectives of different stakeholder
groups
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Figure 9.19. Normalised BC results for the Cs tier for GRID from the perspectives of different
stakeholder groups

Figures 9.18 and 9.19 showcases how the weights derived from the ANP results from the
stakeholders aggregated opinions result in a high variance in the BC values obtained for
each node, which can influence the ranking of FPs and Criteria as shown in the
summarised results in Table 9.6. As it was discussed in the cases case, BC values across
nodes in the same tier differ considerably, which highlights how the metric is affected by
the weights (distances). At the Criteria tier (left graph), the non-prioritised BC values are
relatively similar in the non-prioritised case (light green colour line), with the exception
of C07 (“Student Satisfaction”), which has approximately 10 times higher BC than the
other Criteria. When looking at the previous DC results (table 9.4), this is explained by
the higher number (more than double) of immediate connections of the node, which
explains why the node works so well in connecting/bridging levels in the AH (which is
what BC measures). This further signifies the effects of weights, as when this are
attributed this difference in values gets reduced, and in the case of the “academics” group,
the BC value is comparable to the highly prioritised criterion C09 (“Safe Environment”).
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Figure 9.20. Normalised BC results at GFs tier for GRID from the perspectives of different stakeholder
groups

In regard to the impact on the nodes at the intermediate tiers (GFs and ORPs), as shown
in figures 9.20 and 9.21) the variance of BCs resulting from comparing different
stakeholder perspectives is reduced, when compared to the previously discussed higher
tiers. Therefore, the impact of weights, can still be slightly noticed in the GFs, but it is
less noticeable at the tiers closely linked to the actual design (ORPs). Beyond the variance
between groups, the differences between highest and lowest BC results across nodes, as
in the previous cases, remain large in all the cases, showcased by the high and low peaks
in the line graphs. This still provides a clear view of which nodes are the most critical
ones at these intermediate tiers (i.e. for the GRID case the highest BC value is GF06 –
“Provide facilities for respite and non-learning activities” and the lowest is G10 –
“Access to food and Refreshments”).
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Figure 9.21 Normalised BC results at the ORPs tier for GRID from the perspectives of different
stakeholder groups

9.7. Discussion on the proposed Systems Pre-OE methodology
The following section reflects on the metrics and results presented beforehand, and their
potential as a metric used in assessing design concepts. In this thesis, an initial proof of
concept application of the AH and network metrics to analyse ILS designs has been
undertaken. Moreover, this section aims to reflect on the general challenges and the
lessons learned in testing the proposed systems Pre-OE methodology.

9.7.1. Trialed network analysis metrics
The proposed systems Pre-OE methodology builds upon recent applications of the AH
and Network Analysis (Beevers et al., 2016; McClymonth et al., 2018; Patorniti et al.,
2019). These novel studies focus on assessing impacts on the functioning of cities and
small towns, particularly on how their general functions are affected in flooding scenarios
where a number of facilities are rendered unusable (McClymonth et al., 2018). These
promising results together with some of the limitations identified in HE learning space
processes, and in particular, in regard to assessment approaches during design stages
(Temple 2008, Lee and Tan, 2011, Cleveland and Fisher, 2014; Ellis and Goodyear,
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2016). Within this chapter, common network centrality metrics have been computed
using the AH model for three different ILS. In table 9.7, the results of the application of
these metrics are discussed in relation to their prospective usefulness for analysing the
AH in general, and in particular, and for their application as metrics for assessing design
concepts in HE.
Table 9.7. Centrality metrics and their relevance for AH and design concept assessments
Centrality
Metric

Definition

Degree
Centrality

Number of
immediate
connections
that a node
in the
network
has.

Closeness
Centrality

Average
shortestpath
distances
from a
node to the
rest of the
nodes in
the
network.

Strength as
Syst. Pre-OE
metric
Intuitive
measure.
Straightforward
and simple
calculation.
Offers quick
insight on
which nodes
are better
connected at
each level,
which in
unweighted
networks offers
a view of
important
nodes.
Accounts for
weights.
It is a measure
that accounts
for the entire
network
(shortest paths
to every node
in the network).
In those nodes
at the
periphery, CC
differ the most,
and important
nodes can be
identified
easier.

Limitations as Syst. Pre-OE
metric

Implications for
assessing designs

Fails to account for
weights/priorities (i.e. all
criteria, purposes and objects
are considered equally
important). This can result in
over valuating the importance of
nodes - e.g. POs that enable
many ORPs but are scarce in the
ILS).

Offers a fast method
to highlight important
nodes. However, it
fails to infer anything
about interactions
across various tiers e.g. the effects of a
design solution,
beyond most
immediate levels.

Impacts of changes two tiers
above/below are not captured by
the metric, as it only accounts
for direct connections.

Relatively complex measure,
particularly for large networks.
In an AH, constraints shaping
the system’s functional structure
are modelled across 5 tiers
connected to each other in a
hierarchical manner. So, they
form a dense well-connected
network. Thus, topological
distances from one node to
every other node in the network,
disregarding on network size,
are relatively close across levels
in the network, with the
maximum distance occurring
between nodes at the top (FPs)
and bottom levels (POs), as they
have to cross through 4 tiers to
get to the opposite tier’s node,
which results in small CC
variance in values across nodes
at intermediate levels.
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While valid at higher
levels, this
information can
obtain by previous
steps that are used to
clarify weights, there
is little change from
the ranks obtained
there. Within the
lower levels of
functions and
affordances, the CC
measure, due to its
limited variance
across modelled
functions, fails to
clearly highlight
critical nodes at
intermediate tiers.
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Betweenness
Centrality

Number of
shortest
paths
(which link
any other
pair if
nodes in
the
network)
that
cross/pass
through the
node.

Accounts for
weights.
Accounts for
the entire
network in
computing the
centrality of
nodes. The
measure
showcases the
highest
variance and
differentiation
in values across
nodes in the
same tiers, in
particular for
intermediate
tiers – i.e.
CVPMs, GFs
and ORPs.

Most complex of the reviewed
measures that exponentially
increases with network’s size.
Results of BC at peripheral tiers
(FPs and POs) result in extreme
values (high BC or BC=0). This
is due to the structure of the
AH, where these nodes are at
the top and bottom (with
connections only to the tier
below or above), which
logically leads to low
“Betweenness”. The obtained
results appear to support this.

BC seems the most
suitable metric to
identify which nodes
are critical in
enabling higher level
FPs (as prioritised for
each case), or to
assess which nodes at
the GFs and ORPs
tiers are being better
supported by
different designs.
While the measure
appears problematic
to assess peripheral
tiers, in particular
FPs. Previous steps
(e.g. ANP) already
derive priorities at
these tiers.

In summary, from the applied metrics, BC seems the most appropriate measure to the
evaluate the impact of different ILS designs on the function and expected use and for the
analysis of AH networks. BC enables to clearly assess the impact across various tiers and
interconnections. The measure might be limited to measure impacts on peripheral nodes;
however, priorities at these levels are clarified by earlier steps in the systems Pre-OE
process, in particular ANP. Furthermore, the measure computes edge weights, as
represented by the availability of resources or stakeholder priorities, therefore, it is
suitable for the case of weighted networks.

In contrast, DC, while it is simple to compute, it does not serve to asses impacts of
designs, beyond the most immediate tiers. Furthermore, DC fails to compute the weights
associated with available resources and stakeholder priorities which can lead to
misleading results. Lastly, CC while a potentially valuable metric, the resulting values
are very similar across the nodes in the tier. This subtle changes in values fails to provide
a measure that enables to clearly observe the impact of design changes. In any case, CC
should be further explored to measure values at the peripheral nodes, were the closeness
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differences are more evident, and should be tested in fully weighted networks, where the
intermediate edges between GFs and ORPs tiers would be weighted.

9.7.2. Considerations around the Systems Pre-OE methodology
A starting point of this thesis is the consideration of this thesis refers to the perspective
of design as a problem-solving and decision-making process. All in all, the proposed
methodology provides a systematic and comparable approach to quantify and assess the
functional performance and the impact from different design alternatives. The following
section reflects on how the proposed methodology provides a complementary tool to
support design of HE facilities and learning spaces.

Within HE, a frequent question in early briefs and business cases refers to how the
facilities to be developed can support learning and teaching activities, align with the more
abstract vision outlined in university strategies, while ensuring the long-term operation
of the space and built with the available resources. WDA and the AH provide the means
to logically model the links between the abstract vision and purposes and the actual
designs. The development of the model, as the design process in itself, is inherently
subjective and might differ based on stakeholder perspectives, and therefore, consensus
and agreement should be pursued from the onset of the project. Prevailing practices in
AEC, such as VM, tackle this by focusing on deriving stakeholder priorities centred
around a set of pre-defined values, while WDA starts by addressing and formulating the
purposes for which a space is developed, the key constraints that should be met and
defining the criteria that can be used to evaluate the progress towards those.

The process of developing the model (Chapters 6 and 7) can be a valuable exercise, as
indicated by the stakeholders during the validation exercise undertaken in chapter 7. By
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making explicit underlying assumptions behind the project (e.g. linkages with the
institutional strategy, intended functions and outcomes, or possible conflicting views),
which in itself can inform design processes and provide valuable information to decisionmakers and designers. However, while the abstract conceptualisation offers a guideline
for designers and decision-makers, it does not provide a tool to assess design concepts
ILS on and in itself.

The proposed systems Pre-OE, which combines, the systems model of an ILS, the ANP
approach to derive stakeholder priorities and network analysis to objectively assess
design concepts. This process first enables the understanding spatial developments, with
the advantages mentioned above, while also providing an approach to quantify and
measure it via ANP and network analysis, in particular, the betweenness centrality metric.
These ‘hard’ measures serve to assess and the impacts of different campus developments
and more importantly to compare various design options.

9.7.3. Challenges in the development and application
During the development of the model and computing of quantitative metrics, a set of
challenges arose. First, relates to what the STS and AH model represents. As stated
earlier, the model is a representation of the system as seen from various stakeholder.
Therefore, with the university being an intentional system, the AH represents a mental
model of what is expected to occur in an ILS. Therefore, the model can provide new
venues to represent the value of spatial and facility designs, however, it should not be
viewed as a representation of the complex interactions that can take place in these spaces.
It is not realistic to expect that a model can capture all possible behaviours, activities and
uses afforded by all the components in the space. This is a principle in STS theory, where
unexpected behaviours are acknowledged, and therefore, designs are often encouraged to
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be open as to enable users ‘completing’ them as they see fit. Therefore, post-occupancy
studies remain a key component, in particular those that observe user behaviours and
interactions, such as ethnographic or interaction analysis studies (Boys and Boddington,
2011; Cleveland and Fisher, 2014; Watson et al., 2016; Shapiro et al., 2016). These can
provide means to examine the lower-level relationships modelled in the AH models, as
well as uncovering new behaviours and affordances.

Second, a set of technical challenges arose during the process, in particular while
developing the model. First, a common disadvantage with CWA is the complexity and
difficulty associated with the framework, even within the HF field where it originated
(Stanton et al., 2012; Stevens et al., 2018). In this thesis, this was confirmed, and in
particular enhanced by the fact that there were no previous applications in the context of
architectural design. In a similar way, the model is perceived as complex by stakeholders,
which was further confirmed following comments during the validation exercise
undertaken in Chapter 7. These aspects might hinder, or discourage the application in the
AEC industry, and while these might be true for most construction projects, the
application of CWA can onset these drawbacks, when applied in highly complex or
innovative projects, such as healthcare facilities or construction megaprojects.

Third, the reporting of quantitative data or further use of the indicator. In regard to ANP,
the framework can compare designs and provide a unique rating for considered design
options. However, these results are dependent on stakeholder’s pairwise comparisons,
and therefore, potentially affected by bias. Alternatively, BC while still dependent on the
ILS model developed, provides a comparison across designs and spaces that remains
unaffected by stakeholder bias. A remaining issue refers to the BC results obtained, which
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unlike ANP’s unique score/rating, provide values around the importance of each
constraint included in the model and how these are affected by design changes. This
imposes a challenge in making these results useful for design and decision-making in
AEC projects. In this context, defining what is the ‘best’ alternative is complicated, as a
design supports a number of functions and purposes, while another alternative supports
other ones better. In this regard, both the use of the AH model and BC metrics should be
further explored in relation to their applicability on an AEC project. Following the model
presented and discussed in chapter 4, which is based on the RIBA PoW (2020), the
potential applicability of systems Pre-OE are shown (Figure 9.22). Value studies are well
established processes in architectural design process, and a field originated from systems
engineering, and therefore underpinned by general systems theory. In particular, the
methodology and the BC metrics presented can be complementary to exiting Value
Engineering studies, which include function and cost analysis, could benefit from
improved metrics and conceptualisation around the functional structure of an
architectural design.
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Figure 9.22. Overview of the interventions where the suggested ‘systems Pre-OE’ can be applied

9.8. Chapter summary
The systems Pre-OE methodology proposed in this chapter, presents a novel tool, to
assess the impact of design concepts around the functional structure of a specific space,
conceptualised as an AH network. In this chapter, and building upon the results from
previous chapters, the ILS model was trialled to assess three design concepts. Regarding
the quantitative assessment of the impact of design changes on the system’s functions and
other modelled constraints, network centrality calculations are explored. The results
indicate that Betweenness Centrality can capture changes in designs more effectively than
Degree and Closeness Centrality computations, and thus, it is recommended for the
analysis.

Finally, the chapter offers a reflection on the process of implementation, which can
complement AEC processes by informing and establishing design requirements through
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the development of the model and by providing an evaluation tool. However, during the
trialling of the methodology a number of challenges were encountered. These challenges
are discussed in the chapter and include aspects around the model development, the
metrics and use of them, the integration of the toolkit in current AEC processes and the
complexity associated with the model. While it is argued that the model can add value to
ensuring better VfM in complex AEC projects, the framework and metrics require further
investigation.
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Chapter 10 - Concluding remarks
10.1. Chapter introduction
This chapter provides a summary of the research findings in relation to the aim and
objectives stated in chapter 1. Furthermore, it summarises theoretical and practice
contributions subsequent from the thesis, as well as the limitations of the research study.
These serve as the basis to provide a set of recommendations for the direction of future
research underpinned by the work undertaken in this thesis.

10.2. Reviewing the research aim and questions
This research study set out to explore alternative approaches to conceptualise and inform
design decision-making processes in the context of HE learning spaces. As identified in
the review, the design HE learning spaces remains an under-researched topic, where
current approaches to design are largely underpinned by anecdotal evidence and relatively
simple models, often relying on metaphors to translate pedagogic processes to spatial
design. Researchers have shown interest and explored front-end design processes with
the objective to ensure design solutions maximise the operability and value added to the
organisations. However, the contextual nature and complexity of design processes and
performance in-use would suggest the deployment of research paradigms that can address
those characteristics. In this thesis, systems theory, and STS in particular, were identified
as a suitable prospect to address shortcomings in HE learning space design. Thus, the
research aim was established as follows;

To develop and explore the application of a framework, underpinned by sociotechnical
systems theory, to support front-end design and decision-making processes for higher
education spaces designed primarily to support self-directed learning.
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The discoveries of this thesis serve to shape and develop a proposed methodology to
assess ILS space designs, named “Systems Pre-Occupancy Evaluation”. The
development of the methodology involved the novel application of a design framework
underpinned by sociotechnical systems theory - i.e. WDA - as the basis of the research
project. Furthermore, to address the research aim, and develop the systems Pre-OE
methodology to support design process and enable the evaluation of design concepts, the
AH was complemented with a MCDM approach (ANP), as well as with the computation
of quantitative metrics for the analysis of networks. As a result, in this thesis the Systems
Pre-OE is developed, and a set of sequential steps for its application are presented.
Following the steps presented, in this thesis, the proposed approach is deployed to assess
three recent ILS space designs within a HEI.

The findings of this thesis suggest that STS theory offers an alternative paradigm to
conceptualise the performance in-use of the built environment. The proposed systems
method, through the analysis and conceptualisation of the emergent functional structure
that shapes the behaviours within a spatial system. This provides the means to link
abstract performance criteria, rooted in the intentions and purposes for which these spaces
are developed, with the concrete design features, such as furniture choice, technologies,
layout design or service features. Based on findings from the validation exercise the
modelling of the criteria and functions, by making these and their dependences explicit,
aided in revealing and clarifying priorities of other stakeholders involved in the project.
This appears to suggest that the approach could be beneficial during early briefing
processes, to negotiate and establish project and client requirements from its onset. The
later application of ANP, provided structured tools to support decision-making in design
stages, by establishing priorities within the performance structure established earlier in
the processes. Furthermore, as shown in chapter 8, ANP can also serve in contrasting
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priorities across various stakeholder groups involved in decision-making. The final phase
of the process refers to the analysis of the network through the computation of centrality
metrics, which provide the means to impartially audit design concepts and alternatives
against the early established functional performance structure and priorities. Furthermore,
while the proposed methodology would be better applied in its entirety, the methodology
offers flexibility in its use, by enabling the partial application of some of its steps.

Nevertheless, during the application of the methodology a number of challenges arose.
Some were highlighted by the stakeholders involved in the validation of the models, while
others were the result of reflecting on the process of developing and analysing the models.
During the validation, the model was perceived as complex. Stakeholders indicated that
without facilitation the review of tiers and constraints would have been a cumbersome
process. Furthermore, the development and validation of the model proved a labourintensive task, which was undertaken over a period of 10 months. These challenges align
with previous research findings, where the model development within a novel domain
required over six months work of two experienced practitioners. Furthermore, the
challenges associated with deploying CWA and the toolkit have also been a frequent issue
in its developments, where researchers often indicate the need for a good facilitator and
knowledgeable analysts. With the architectural design process being tightly time
constrained, these issues could be problematic when overlapping both processes.
Furthermore, in the later steps of the process, the conversion of the AH network of the
ILS to a adjacency matrix, which serves as the basis to compute the proposed network
analysis resulted on a time-consuming process with some potential for errors in
translating the data. Furthermore, the size of the adjacency matrix grows exponentially
with increased number of nodes and connections within the modelled network, which
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could be particularly challenging if the approach is to be deployed in other highly
complex AEC design contexts (e.g. hospital design or construction megaprojects).

All in all, the proposed systems Pre-OE offers a structured approach to support front-end
and early design stages of the project, as to lead campus developments to achieve the best
possible value for the HEIs. However, it is important to identify that both the framework
and the modelling process impose a number of general challenges which, if not addressed,
can hinder the adoption or compatibility with established design processes.

10.3. Reviewing the research objectives
In order to make the aforementioned aim manageable, five research objectives were
established. These objectives served to inform the research design, address the overall
aim, and as a final step, to combine for developing the systems Pre-OE methodology. In
the following section, these objectives are revisited in light of the thesis findings.

10.3.1 Research objective 1
RO1: To investigate existing HE learning space design and evaluation initiatives, trends,
and design solutions, in particular, those developed primarily for self-directed learning.

The literature review in chapter 3 showcased major trends in learning space development
undertaken in the last two decades. These have been shaped by various developments, in
particular ICT developments, prevalence of socio-constructivist learning principles and
an increasing focus on the provision of an excellent student experience. As a result of
this, the involvement of information services and academic has become a common feature
in space developments. Thus, in the HE within English speaking countries, in particular,
the USA, Australia and the UK, a number of industry-oriented initiatives have resulted
from this interest. These have been commissioned and supported by information service
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and ICT industry associations, HE learning and teaching councils, and estate association.
The review of 15 of these initiatives has established design principles and highlighted a
number of challenges around the design and evaluation of these spaces. The identified
shortcomings include;
•

A need for development methods to assess the effectiveness of physical learning
environments in supporting pedagogic activities and behaviours, as well as how these
support to wider processes and strategy.

•

A need for design tools to support pedagogic considerations and requirements into
spatial solutions, a process signified by multiple environment-user interactions and
between users themselves. Furthermore, it remains important to recognise the
contextual nature of design and evaluation processes.

•

The need for interdisciplinary research to explore new perspectives in reframing
learning space design problems.

•

The need for formative evaluations, which support evaluations throughout the project
lifecycle, particularly, during early design.

Furthermore, the scope of the thesis was limited to self-directed learning spaces, also
known as informal learning spaces (ILS). An in depth-review of 41 ILS cases published
over the last 20 years was undertaken to gain understanding on drivers and purposes
shaping these developments (Appendix A.1). The findings indicated that development
and operation of ILS spaces a wide range of stakeholders are involved, who represent
diverse communities of practice and disciplines, with potentially different values and
perspectives about ILS. The findings revealed that while the majority of ILS are driven
by a need to cater for social and collaborative learning processes, a need to cater for
individual and quiet work has also featured prominently on some of the developments.
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These closely links with the need to provide students with spaces to meet, as well as to
cater for identified pedagogic needs. Furthermore, reputation enhancement and visibility
of these spaces are also important drivers, as in many cases, they tend to be positioned
symbolically and physically as gateway or the heart of campus. All in all, the findings
provided an overview of shortcomings with current design practices, as well as providing
an overview of ILS developments and what has underpinned these in the last two decades.

10.3.2 Research objective 2
RO2: To explore the suitability and applicability of STS design frameworks in
architectural design processes, and in particular, within the context of campus
developments.

In chapter 4, the context that surrounds ILS campus developments is discussed and
reviewed through the lenses of the STS theoretical framework. The review indicates that
ILS design problems and campus developments share many characteristics with complex
STS. This appears to suggest that STS theory offers a encouraging alternative to address
some of the shortcomings previously identified. Furthermore, STS principles promote
user adaptation, co-design and humanistic values, which resemble the principles that have
underpinned ILS developments over the last decades. Therefore, the findings seem to
indicate the suitability of the STS systems paradigm for the given design problem.

The thesis, further reviews existing toolkits, particularly those that have been deployed to
analyse and inform the design of complex STS systems. The review of previous
applications in other domains and contexts, different from that of learning space design,
provides the basis to suggest four interventions that can be applied through the
architectural project lifecycle, signified by the RIBA Plan of Works stages. The proposed
interventions are as follows;
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•

Intervention 1: Informing project requirements and project briefing processes
derived from the Systems analysis

•

Intervention 2: Pre-Occupancy assessment of design concepts and design
alternatives, through the use of decision-making support tools and network
metrics, based on the functional structure of the given design alternatives.

•

Intervention 3: CWA-DT. Contributions to design through a combination from
the CWA analysis findings and participatory design processes, as recommended
by the design toolkit developed by Read et al. (2015, 2016).

•

Intervention 4: Informing the development of evaluation tools, adapted and
informed by the priorities and criteria established from the analysis.

Within the scope of this thesis, the effectiveness of interventions 1 and 2 are further
explored. This is further addressed through the remaining research objectives.

10.3.3 Research objective 3
RO3: To investigate and conceptualise the functional structure and performance criteria
underpinning ILS projects in HE.

The research conceptualises ILS through an AH, the first phase of CWA, a design
framework for complex STS. For the development of the model, a case study concerning
an ILS programme of five projects undertaken over a span of three years was conducted.
The initial model was validated and refined via revisions organised through Delphi study.
The resulting AH model provides a conceptualisation around the functional structure and
performance of an ILS. The conceptual framework, proved valuable in guiding the model
development, identify and interrelate the purposes, criteria and functions that underpin
these types of spaces. The finalised model of an ILS identified 6 broad functional
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purposes, 15 criteria and values, and 20 general functions, interconnected across levels
through means-ends relations (chapter 7). These broad constraints encompass the
perspectives of various stakeholders, including pedagogic concerns, as well as more
traditional space management concerns. The model also integrates a variety of criteria
and measures, including both quantitative and qualitative. The model serves to identify
priorities, as well as determining conflicts and tensions across various criteria, which
might differ for different institutions and projects.

10.3.4 Research objective 4
RO4: To propose an approach to investigate and establish attitudes and views of
stakeholders involved in the design and decision-making process in the development of
ILS.

In relation to this RO, the thesis proposes the combination of the previously developed
AH model and the Analytical Network Process (ANP) a MCDM method developed for
decision-making processes with many interdependent factors. The proposed WDA-ANP
model, provides the strengths of combining WDA as a theoretical framework, which
enables to model and conceptualise complex design problems, such as the development
of ILS, as well as providing a structured approach to establish stakeholder priorities
through the ANP. The proposed approach was used to determine and establish
stakeholder priorities at UK based HEIs. This enabled to compare the perspectives of 4
stakeholder groups, which included, learning technologists, estates, academic developers,
and library services. These groups, during the case-study, were identified as key
stakeholders within decision-making and operation processes around ILS developments.

The findings indicated that while some disagreements exist, in particular across
intermediately valued criteria, the results seem to showcase a high degree of agreement
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in regard to the most important and less important priorities. These minor differences
seem to contradict the ‘silo’ attitudes and perspective across stakeholder views which
have been suggested by previous research in the context of HE learning space design (Lee
and Tan, 2011; Boys, 2011; Walton and Matthews, 2019). The results indicate a focus
over general student satisfaction, as well as the high consideration for safety and comfort
as the key priorities when developing ILS, while pedagogic considerations tend to be
valued as moderately important at similar rate as criteria such as reputation or aesthetics.
Finally, aspects of commercial and financial performance, are often prioritised lowest
when it comes to the overall considerations in developing ILS.

10.3.5 Research objective 5
RO5: To propose and critically review the application of metrics that can aid in assessing
design concepts based on their functional appropriateness.

In relation to the aim, the metrics proposed in the thesis should consider the interactions
within the system model, as well as providing an objective and comparable indicator. In
consequence, the explored indicators refer to network centrality metrics, which comprise
a well-established set of measures to establish the importance of nodes within networks.
The proposed metrics are applied and tested to evaluate the design of three ILS within the
case-study HEI. The three ILS are modelled in the form of a network based on the AH
network developed in previous chapters, serve to critically review the results obtained
through the three common network metrics; degree, closeness and betweenness
centrality.

Based on the obtained results, betweenness centrality (BC) it is recommended as the most
appropriate measure to assess impact of design changes over the functional structure of
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the system. BC enables to clearly assess, through a high variance on values across nodes,
the impact across various tiers and interconnections. BC while still dependent on the ILS
model developed, provides a comparison across designs and spaces that remains
unaffected by stakeholder bias.

10.4. Contributions of the thesis
The only hope of someone that engages in research, is to make a dent and contribute to
the development of knowledge in the respective field. As a result of the original work
undertaken in this thesis, the following has been contributed to the development of
theory and practice.

The first theoretical contribution, advanced and argued for the application of STS theory
as a relevant and complementary paradigm to support HE learning space design. Chapter
4 serves to establish this link by comparing STS systems characteristics with features and
characteristics present in HE. The thesis builds upon recent studies, which have proposed
the use of POE processes underpinned by systems thinking (Cole et al., 2008) and
sociotechnical systems (Chiu et al., 2014; Lowe et al., 2018). Instead of focusing on POE
processes, the thesis advances the proposal of STS theory in informing front-end and
early design processes for HE learning spaces. This is achieved, through the application
of existing STS design frameworks, in particular Cognitive Work Analysis (CWA), at
various points of the project lifecycle.

The second contribution refers to the understanding of the conceptual underpinnings
behind ILS developments in HE. The thesis builds upon the industry initiatives and
research undertaken around ILS and builds upon the premises from recent research in the
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context of ILS (Beckers et al., 2015; Brandt and Bachman, 2016; Walton and Mathews,
2019). These signpost the issue with the involvement of multiple university stakeholders,
as well as the contrasting perspectives that these bring into the table. The thesis
contributes to this topic by exploring the perspective of various stakeholders and
providing a single conceptual model that integrates the higher-level criteria and drivers
that motivate and shape ILS developments. Furthermore, the thesis compares how these
criteria and drivers have been prioritised across the UK’s HE sector.

The third contribution refers to the developments to the Work Domain Analysis (WDA)
and AH frameworks. While WDA and the AH have an extensive use in the HFE discipline
(Naikar, 2017) this thesis contributes to the framework by expanding its application into
a novel domain, i.e. architectural design and in particular, HE learning space design.
Moreover, the proposed methodology in the thesis provides an unbiased metric to assess
deign impacts, which provides an alternative to previous AH evaluation applications
underpinned by subject matter expert opinions (Jenkins et al., 2009; Naikar, 2013).
Finally, the thesis advances the CWA toolkit by building on recent research supporting
the deployment of social network analysis (SNA) metrics, in particular network centrality
metrics, to assess impact on the AH networks developed (Beevers et al., 2016;
McClymont et al., 2018). The work in this thesis advances those by proposing the
application and use of weighted networks in order to develop more accurate
representations of real-life systems. At the lower levels, the proposed approach to
establish measures recommends quantifying availability and inventory of the physical
components, while at the higher levels an Analytical Network Process (ANP) (Saaty and
Vargas, 2013) approach is suggested to derive and quantify stakeholder’s priorities that
reflect intentions behind the system. While the former can be applicable to all types of
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systems, the later would be primarily suggested for highly intentional or user-driven ones,
such as the case of ILS.

The final contribution, albeit a more pragmatic one, of the thesis refers to the Systems
Pre-OE methodology. The thesis proposes a 6-step structured methodology which
supports decision-making and design of HE learning spaces during the briefing and
concept design stages, by establishing priorities and perspectives, and providing means
to audit design concepts and alternatives against these in an impartial manner. While the
toolkit should be further developed to be applied in practice, in particular streamlining
some of the processes, it synergises with established processes in construction, principally
Value Management and Value Engineering (Kelly et al., 2014). Therefore, the systems
Pre-OE proposed provided an alternative tool to be developed and implemented through
value studies and interventions, in particular, for highly complex projects.

10.5. Limitations
While careful consideration was placed both on the design, analysis, and the overall
process, the research study did, however, have a number of limitations. The identified
limitations, which have been discussed throughout the thesis, are revisited in the
following section.

The first limitations refer to the single case-study design approach chosen, which focused
on the experience at a single HEI on the retrofit and development of a series of ILS
projects. The limited scope of using a single case to develop and refine the conceptual
model might limit the external validity of the findings. The perspective of the students
was not included in the developed model, as they are often not involved in decisionmaking processes. Thus, the sample of interviewees focused on the experiences of
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stakeholders employed by the university with regular involvement in the business case
and early design processes in this project. In any case, the involvement of student
representatives (e.g., student union president or sabbaticals) that participated in
committee meetings at the time of conception of these projects, could have resulted in
modifications within the constraints included in the final model.

The choice of interview as the primary method of data collection enabled for agency in
developing the initial model, which is particularly encouraged for novel domains and
applications of the framework (Naikar, 2013). However, this might have introduced
potential bias in the interpretation of the data, which was aimed to be reduced by regular
discussions on the findings with the thesis supervisors and fellow researchers with
experience on applying WDA. Alternatively, the AH model can also be developed
through within a workshop environment, with the analyst taking the role of facilitator,
which has been a valuable when the outcomes are expected to inform design processes
(Jenkins et al., 2009).

Furthermore, in the questionnaire survey and ANP analysis undertaken in Chapter 8,
several limitations were identified. First, the choice of opting for Likert-scale type
questions instead of the Pairwise Comparison questions recommended for conducting
ANP (Saaty and Vargas, 2013), might have resulted in different results from the ANP
analysis, such as prompting stronger judgements on priorities (Kallas, 2011). The choice
was made to promote a higher response rate and participation, as the Likert-style
questionnaire is substantially shorter than the pairwise-style questionnaire – 39 questions
versus 96 questions. In relation to the response rate, the study received a response rate of
25.6%, while considered adequate online survey research (Ilieva et al., 2002), when
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compared with recommendations for quantitative study research design, this rate is
comparatively low (Bryman, 2012). Therefore, limiting the inference of the results to the
entire population. Moreover, the reduced sample of respondents from some of the
stakeholder groups, in particular the perspective of academics (e.g. professional services,
Pro-Vice Chancellors (PVC) and deans/directors for L&T matters), or ICT/AV
professionals which they are frequently involved in developments, might not allow to
infer strong conclusions from the priorities from those groups. Particularly, in contrast
with library services and estates professionals, which responded the questionnaire in
larger numbers. Finally, the survey questions included an error on the scale use when
referring to the stakeholder experience. For instance, stakeholders with 2 years’
experience in their post could select two correct options (i.e. 0-2 option and 2-5 option).
This could have led to potential errors in the data collection and reduce the validity of
descriptive statistics. However, as this data was not used in further analysis during the
ANP model, this error was not considered to have major effects on the priority results
obtained in chapter 8.

Finally, relating to the final steps of the proposed method, in the concept of assessment
of ILS, chapter 9, while based on established network metric, the potential for
implementation of the results and metrics on design processes would be beneficial. While
the conceptual model was refined and validated in chapter 7, further evaluation and
calibration of the novel approach presented and the resulting metrics for design
assessment would be recommended and are further developed as recommendations for
future research.
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10.6. Recommendations for future research
The initial recommendations relate to the aforementioned limitations of the research.
First, the systems Pre-OE has been developed and applied to three recently completed
ILS designs. Because of this the toolkit has only been applied and reviewed within an
abstract context. Future applications should consider the application of the methodology
during the design process. Therefore, rather than utilising a case-study approach, future
research should consider the application of the methodology following an action research
approach, where the early stages of the project are informed by recommendations derived
from the systems Pre-OE. These would enable to explore the usefulness to inform
decision-making and front-end design in an actual project environment. The present
applications focused on ILS, a particular space typology in HE. Therefore, future research
should focus on expanding and exploring the application of STS design frameworks to
other space types. In particular, spaces were usage and activities are more regulated, such
as laboratories or workshops, could offer another potentially viable area for its
application. Moreover, the approach can be expanded to other built environment domains.
In particular, those with multiple users and that showcase complex patterns of use, such
as schools, healthcare facilities, large office spaces, industrial environments or large
transport hubs. These offer the type of environments which will also possess many of the
characteristics present in complex STS (Naikar, 2017). In addition, the high capital costs
commonly associated with these environments justifies the investment necessary to
implement CWA during the project lifecycle.

Building upon the interventions proposed in chapter 4, see the recap on RO2 above, there
is room for further exploring the application of other tools within the CWA toolkit, or
exploring the application of other approaches such as the STS framework (Hughes et al.,
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2017). In particular, the combination of STS theory and participatory design, also known
as ‘CWA-Design Toolkit’ (Read et al., 2015), could be further investigated within
architectural design process. This intervention, in contrast to the approach taken in the
thesis, focuses on a more generative and creative process rather than on assessment and
decision-making. The integration of co-design and participatory design introduces ample
opportunity for end-user involvement. This is worth exploring in an architectural design
context as a combination of both could provide means towards, ultimately, a more usercentric and adaptable built environment (Vischer, 2008; Watson et al., 2016).
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Appendix A. Summary of ILS cases reviewed
Table A.1. Summary of Campus Developments reviewed (Case-studies predominantly informal learning spaces) 41 cases.
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Case-Study
Main Library Refurbishment at
James Cook University
Learning Support Spaces at
Griffith University
The Hawthorn Project Hub at
Swinburne University
LAB 2.0. at The University of
Queensland

Location
Townsville,
Queensland, Australia
Brisbane, Queensland,
Australia
Melbourne, Victoria,
Australia
Brisbane, Queensland,
Australia

Year
2002

The Thurgoona Learning
Commons at Charles Sturt
University
Two Learning Commons
projects at Victoria University

Thurgoona, New South
Wales, Australia

2008

Melbourne, Victoria,
Australia

2006 &
2007

‘The Street’ at Bond University

Robina, Queensland,
Australia
Robina, Queensland,
Australia

Not
Specified
2008

Brisbane, Queensland,
Australia

2007

Loughborough, United
Kingdom
Colchester, United
Kingdom
London, United
Kingdom

Not
Specified
2017

Liverpool, United
Kingdom

2012

The Balnaves Foundation
Multimedia Learning Centre at
Bond University
The first Year Engineering
Learning Centre at the
University of Queensland
STEM Ideas Factory at
Loughborough University
Library Reading Room at the
University of Essex
LSE Life at London School of
Economics and Political
Science (LSE)
Liverpool University’s Central
Teaching Hub (CTH)

2004
2008
Not
Specified

2016

Construction Type
Retrofit of the university’s main
library.
Retrofit of library spaces across the
campus. Multiple spaces.
Refurbishment of a parking space
(basement) – 1,000 sqm
Retrofit of a vacant library space (350
sqm) into an experimental learning
space.
Development of newly built facility –
Learning Commons

Budget
12.7 million AUD

References
Anders et al. (2008)

Budget not specified

Graves and Berg (2008)

Budget not specified

Lee (2008)

90,000 AUD

Mitchell, Winslett and
Howell (2008)

Budget not specified

Oakley (2008)

Development of 2 learning commons
facilities.
- City Flinders campus: 980 sqm
- St. Albans campus: 2530 sqm
Refurbishment of transition space,
logia style space (1,000 sqm approx.)
Refurbishment of an art gallery
facility built in 1988.

City Flinders 1.4m
AUD
St. Albans 910,000
AUD
Around 30,000 AUD
(furniture and fixtures)
Around 3.4M AUD

Gallagher, Pearce and
McCormack (2008)

Development of a multi-purpose
space for 1st year engineering
students.
Social space (221 sqm) in a newly
built facility for STEM subjects.
Space retrofit within library, into a
‘reading’ room (557 sqm)
Retrofit of library basement floor
(1,200 sqm).

Budget not specified

Steer and Howell (2008)

Budget not specified

JISC (2018a)

Budget not specified

JISC (2018b)

Budget not specified

JISC (2018c)

Newly built multi-purpose facility
(7,680 sqm)

Budget not specified

JISC (2018d)

Randall and Wilson (2008)
Sutherland and Wilson
(2008)

297

Learning Gateway at Cumbria
University
Learning Resource Centre at
Edge Hill University

Lancaster, United
Kingdom
Liverpool, United
Kingdom

2006

Newly built three floor facility (2,271
sqm)
Retrofit of the 15-year-old learning
resource centre. Only fit outs and
technologies.
Newly developed multi-purpose
facility (1800 study spaces)
Major refurbishment of the original
library built in the 60s
Small experimental space retrofit
with fit-outs
Newly built central campus hub,
resembling an enclosed ‘high-street’.
Major refurbishment of the
university’s library.
Newly developed facility,
encompassing a library and a learning
centre (5,500 sqm)
A newly built information commons
facility (8,000 sqm)
Retrofit of a multi-purpose facility
built 8 years earlier (5,000 sqm)
Refurbishment and repurposing of an
existing space into a technology
enhanced space (1,350sqm)
Development of four informal
learning spaces across the university

3.2m GBP and 800,000
GBP in fit outs
Around 90,000 GBP

Weaver and Holland (2007)

SALTIRE centre at Glasgow
Caledonian University
Civic Quarter Library at Leeds
Metropolitan University
Open3 space at Loughborough
University
Forum at the University of
Exeter
City Campus Library at
Northumbria University
Docklands Library and
Learning Centre at the
University of East London
Information Commons at the
University of Sheffield
Fountains Learning Centre at
York St. John University
Learning Grid at Warwick
University

Glasgow, United
Kingdom
Leeds, United
Kingdom
Loughborough, United
Kingdom
Exeter, United
Kingdom
Newcastle, United
Kingdom
London, United
Kingdom

2006

15.5m GBP and 1.5m
GBP for fit-outs.
Budget not specified

Finnigan and Howden
(2007) & Howden (2008)
Middleton (2007)

Around 10,000 GBP

Walton (2007)

48m GBP

Myhill (2012)

6m GBP

Willoughby (2007)

Budget not specified

Watson et al. (2007)

Sheffield, United
Kingdom
York, United Kingdom

2007

23m GBP

Lewis et al. (2007)

1.1m GBP

Parkin et al. (2012)

Warwick, United
Kingdom

2004

Around 1m GBP

Edwards (2007)

Retrofit of various informal
learning spaces at Curtin
University
Learning Commons at
Northampton University
Library Refurbishment at
Abertay University
Main library retrofit at Teesside
University
Information Commons at
Calgary University

Perth, Western
Australia, Australia

2010

Budget not specified

Martin and Broadley (2019)

Northampton, United
Kingdom
Dundee, United
Kingdom
Tees Valley, United
Kingdom
Calgary, Alberta,
Canada

2018

Budget not specified

Powis (2019)

2017

Newly built learning commons at the
heart of the new campus
Refurbishment of the main library.

Budget not specified

Robertson (2019)

2018

Library refurbishment and retrofit.

Budget not specified

Jolly et al. (2019)

1999

Library refurbishment driven by the
needs to provide better ICT facilities.

Around 2.25m CAD

Baetty (2008)

2006

2000
2007
2012
2006
2006

2011

Davey (2007)
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Learning Commons at Kellog
Library - California State
University San Marcos
Learning Commons at Alden
Library – Ohio University

San Marcos, California,
USA

2004

Newly developed library facility.

48m USD

Thompson and Sonntag
(2008).

Athens, Ohio, USA

2005

Total refurbishment:
20m USD

Howden (2008)

West Commons space at
Georgia Tech’s Library

Atlanta, Georgia, USA

2002

Around 1m USD

Stuart (2008)

East Commons space at Georgia
Tech’s Library

Atlanta, Georgia, USA

2006

Budget not specified

Stuart (2008)

Kate Edger Information
Commons at the University of
Auckland
Bostock Adjacent addition to
William R. Perkins library at
Duke University
Peter H. Armacost Library at
Eckerd College
Opie Library at Michigan
Technological University
ES Corridor Project at Purdue
University in Indianapolis

Auckland, New
Zealand

2003

Retrofit of the existing library, which
included a dedicated learning
commons space (2,600 sqm)
Refurbishment of an area within main
library into a technology-oriented
commons space.
Refurbishment of an area within main
library into a collaborative learning
focused learning commons (8,000
sqft)
Newly built learning commons
facility (6,647 sqm)

Budget not specified

Mountifield (2008)

Durham, North
Carolina, USA

2005

Expansion of main library. New
adjacent space (122,275 sq ft.)

Budget not specified

Lombardi and Wall (2006)

St. Petersburg, Florida,
USA
Houghton, Michigan,
USA
Indianapolis, Indiana,
USA

Not
Specified
Not
Specified
Not
Specified

Newly developed library.

Budget not specified

Barber (2006)

Budget not specified

Urbanek (2006)

Budget not specified

Van Note Chism (2006)

Steam Café at the
Massachusetts Institute of
Technology
The Information Commons at
Northwestern University
Student Learning Center at the
University of Georgia

Boston, Massachusetts,
USA

Not
Specified

Budget not specified

Francisco (2006)

Chicago, Illinois, USA

Not
Specified
2003

Newly built extension of the main
library (44,000 sq ft – 4,000 sqm)
Retrofit of a transition/corridor space
into 5 different experimental spaces.
Partnered with local providers.
Small experimental hospitality space
(300 sq ft.) designed by architecture
students.
Information Commons style multipurpose facility.
Large newly built multi-purpose
facility (Around 18,500 sqm)

Budget not specified

Davis and Shorey (2006)

Budget not specified

Potter and King (2006)

Athens, Georgia, USA

Appendix B. Development of the Model
Appendix B.1. Interview protocol
Background
First of all, thank you for your time and for allowing me to conduct the interview.
The aim of these interviews is to gather information about the HW (Edinburgh) campus
in and its recent developments from a range of different stakeholders. The main topics
covered, will be the state of the campus, recent developments and projects, both
physical and those related to learning technologies, including insights on how and why
they came to be. Taking advantage of the recent process of development of the new
L&T and general strategy, I’d like also to cover how the campus, relates to the
pedagogic practices and the student experience that the university seeks to promote.
One small clarification: When I refer to campus environment, beyond physical spaces
and technical solutions, I also include the services provided to the HW student (which
are not part of the core programmes of study) both face to face and virtual.
As part of the requirements within the research ethics approval, and to ensure your
participation on this research project is voluntary and non-coherced, I would like to
present you with “the research consent form”, which I would need you to sign (could be
done in the end). Furthermore, I would like to ask if it would be OK to audio record the
interview, the purpose of recording is to access the data for the analysis. The recordings
will be safely stored, and only shared in accordance to open-data policies and for the
purpose of this or associated research projects. You, and anything you share, will
remain anonymous within the results and outputs of the projects. Finally, you will retain
the right to withdraw from the study at any time.
So, can I start recording?
Background of the Interviewee
First, I would like to start with some background details about your role and position
within HWU. As this can be very generic, I would like to focus particularly on how you
position relates to the university’s general L&T direction and also to previous and
ongoing, developments on campus (including estates and technology-enhanced learning
projects) undertaken at HWU.
-

Prompt: As part of your role, what involvement did you have during the lifecycle
of these projects (from early discussions and investment decision to the current
use)?

Topic 1: The current campus
Moving to some more specific topics, in particular the learning environment at
Edinburgh Campus. As a note, when I refer to the learning environment and the
campus, I also refer to the virtual resources and general services, to which HWU
students have access to, and that are provided by the institution.
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-

In relation to the student experience, in your opinion, which services, campus
features or functions are relevant for the student experience? Why?
o Could you explain, in your own words, what the term “student
experience” means and includes?
o What does it mean for the services, functions and infrastructure to be
provided, in the context of HWU?

-

And which ones do you consider more relevant or important when it comes to
support learning?
o Could you motivate/Why?

Topic 2: Recent learning environment developments
In recent years, there have been a substantial number of developments on campus,
especially in relation to learning spaces and learning technologies.
-

In your opinion, or based on your involvement, what have been the main drivers
for the investments in learning spaces or technologies?
o Probe: Why the decision to allocate resources on these projects instead
of investing in other areas of the university (e.g. HHRR, research,
services, staff training…)?

-

And now, moving more to the specific solutions that have been developed and
implemented. could you tell me the reason(s) behind those final design
solutions? For instance, the resulting learning spaces, such as the learning
commons, the ongoing refurbishment of the library or the newly refurbished
rooms across campus?
o Users, pedagogies, marketing, efficiency…

-

What benefits and outcomes were expected for the university?
o Prompts: Look for pedagogic and also non-pedagogic outcomes, and
prompt for one or the other.
o Why is this likely to make a difference to learning? What is the theory &
evidence?

-

What changes (if any), in terms of activities, uses, and general functioning, do
you perceive that have resulted from these developments?
o What type(s) of learning and teaching are observed to take place? What
is the evidence?
o Prompt: Make them go beyond students, talk about the implications for
decision-makers and staff (academic and non-academic).

-

What criteria is important to consider these campus developments a success?
o Prompt: Do you have any metrics or indicators for this purpose? Any
informal criteria?

Topic 3: HWU institutional context (values, strategy) – What pedagogies want to
promote?
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-

In a more general context and considering that you are coming from an extended
period of work in regard to developing the L&T and general strategies. Could
you tell me which learning, and teaching practices/pedagogies do you want to
promote at HW?
o Why this mode of learning?
o So, what are the implications (if any) for the current campus
environment to support these?

Final summarising question close out with something like this:
-

From the current campus environment (as said before, physical and virtual
resources and provided services) what aspects do you consider to better reflect
HWU values?
o And which ones (if any) you feel that hinder or don’t reflect them? Why?
o Which principles do you think that the campus/learning environment will
have to meet or reflect in the future?

Closing questions – prompt for further contacts.
-

With this I would like to close the interview, if you have any question or
clarification you would like to ask?

-

Moving forward, I would like to ask you about recommendations for potentially
relevant stakeholders involved on some of the aspects discussed. Furthermore,
any documents or other potential sources of information that could be useful?

Closing Remarks
Thanks again for their time and offer the opportunity to stay involved (would they like
to be added to email list). Would it be ok, to contact you for clarification on some other
aspect or comment within the discussion or for further validation?
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Appendix B.2. Consent Form Stakeholder Interviews

Consent to Participate in a Research Study
Heriot-Watt University, Edinburgh Campus, Scotland, EH14 4AS
Title of
A sociotechnical systems approach to the design and
Study:
evaluation of Higher Education learning spaces
Investigators:
Name:

Mr. Eduardo Navarro Bringas

Dept:

EGIS

Email:

en13@hw.ac.uk

Name:

Dr. Graeme Bowles

Dept:

EGIS

Email:

g.bowles@hw.ac.uk

Name:

Dr. Guy Walker

Dept:

EGIS

Email:

g.h.walker@hw.ac.uk

Study Details
You are being invited to take part in a research study. Before you decide it is important for you to understand
why the research is being done and what it will involve. Please take time to read the following information
carefully. The main purpose of this study is to use Human Factors methods to better understand and assess
technology enhanced and flexible learning spaces in Higher Education. You have been selected for this
interview, as you are a staff member at Heriot-Watt University and your job profile matches with a position
within one of the following departments (Academic Quality, Information Services or Campus Services) or for
being directly related to management tasks relevant to Learning & Teaching at Department/School level.
Please note that your participation is voluntary, and you may withdraw your participation at any point of the
study. You will be interviewed by the researcher, Eduardo Navarro (en13@hw.ac.uk). With your consent, the
interview will be audio recorded and it will take approximately 45-60 minute. You will be asked questions
related to the role and main processes developed within the department, strategic issues relevant to Learning and
Teaching at Heriot-Watt University, and the provision of campus learning environments and infrastructure.
The interview will be audio recorded and transcribed verbatim. The audio records and transcripts will be stored
and managed securely, as recommended by HWU’s policy for medium risk data. Your response will be treated
with full confidentiality. The data gained from the interview will be analysed by the above-mentioned
researchers and might be shared with other researchers only for academic purposes. The results might be
included in a thesis, and they may also be published in peer reviewed journals or conference proceedings.
If you have any questions about this study, please contact me, Eduardo Navarro, by email (en13@hw.ac.uk).
I read the conditions, thereby, and give my informed consent to participate in this study. I have read and
understand the consent form:
Please tick the appropriate boxes
Taking Part
I have read and understood the consent information sheet.
I have been given the opportunity to ask questions about the project.
I agree to take part in the project. Taking part in the project will include being interviewed
and audio recorded.
I understand that my taking part is voluntary; I can withdraw from the study at any time
and I do not have to give any reasons for why I no longer want to take part.
Use of the information I provide for this project only
I understand that my personal details discussed during the interview will not be revealed to
people outside the project.
I understand, and authorise, that my words may be anonymously quoted, in publications,
reports, web pages, and other project outputs.
Use of the information I provide beyond this project
I agree for the data I provide to be archived in compliance with HWU’s data storage policy.

302

Yes

No

I understand that other genuine researchers will have access to this data only if they agree
to preserve the confidentiality, as requested in this form.

Interviewee’s Name (print):

Interviewee’s Signature:

Date:

Interviewer’s Signature:

Date:
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Appendix C. Validation of Model Chapter
Appendix C.1. Instructions for Validation Exercise: 1st Delphi Rd.
Email sample:
Subject: Validation Exercise – Abstraction model of an Informal Learning Space
Dear Mr_____,
As a relevant stakeholder in the development of informal learning spaces, I would
like to know, if you would be interested in participating in the validation and
development of an initial model around the development of informal learning spaces.
The process will involve consecutive panel interviews with 4 stakeholders. The
interviews will serve to improve the model based on your inputs. Once the round of
panel interviews is completed, the final model will be sent via email for a final
confirmation. The resulting validated model is expected to serve as the basis to
develop an assessment tool for learning space design concepts.
This validation process is expected to take around 1 hour. The process will consist,
first, on a short presentation from the researcher (5-10 min) of the model and the
logics behind it. And in a second instance, you will be asked to validate and complete
the model by means of the following 2 steps:
1) To review and examine constraints and factors considered in the
model.
2) To connect constraints and factors across levels of the abstraction,
through means-ends links.
Your participation in this research project is completely voluntary. This process has
obtained approval from EGIS research ethics committee. Although there are no
perceived risks in regard to your participation in the study, your responses and details
will remain confidential and anonymous. Data from this research will be safely stored
and reported only as a collective combined total. No one, other than the researchers,
will have access to the individual answers to this validation study.
If you have any questions about this project, feel free to contact Eduardo Navarro
(en13@hw.ac.uk).
Thank you for your assistance.
Kind Regards,
Eduardo Navarro
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VALIDATION EXERCISE: Instructions (Attached to email)
You are invited to participate in a validation exercise, a study being conducted by
Eduardo Navarro from Heriot Watt University as part of the research project “A
sociotechnical systems approach to assess the effectiveness of campus developments”.
The purpose of this study is to seek subject matter expert knowledge and insights to
inform the development of an Abstraction Hierarchy representing the performance in-use
of Multi-Functional Learning Spaces in universities. The nodes presented in these have
been developed through a case-study research, based on the recent developments of
Informal Learning Spaces at a Scottish Higher-Education Institution.
The Abstraction Hierarchy is an analytical framework to model the structure of complex
sociotechnical systems, which aims to explore the complex web of social and technical
interactions and how they combine to affect the functioning of a system. Abstraction in
this context means that qualities of objects are considered separate from the objects
themselves.
The spatial settings, furniture solutions, layouts, building systems, technologies, and
available facility services, are modelled at the bottom layer of the abstraction (i.e.
Physical Objects layer, Tier 5). The next level (Object-Related Processes/Affordances,
Tier 4) explains what the physicals objects afford, or in other words, what they do. The
third level (Generalised Functions, Tier 3) shows what tasks can be accomplished by
using the physical-processes/affordances. These functions also represent what functions
(activities and tasks) must be accomplished to ensure the setting’s Functional Purposes
can be achieved (Tier 1). The next level (Values and Priority Measures, Tier 2) represents
criteria by which we can determine if the learning space is fulfilling its Purposes (Tier 1)
- the top level of the hierarchy, identifies the reasons why Informal Learning Spaces are
developed, and which external constraints must be met for its proper functioning. The
nodes at each-level are then connected through means-ends links in order to capture
systems’ functionality – with the functions being increasingly more abstract with each
layer.

Tiers of Hierarchy

Explanation

Functional Purpose
(Tier 1)

Why the learning space is being developed? How is it
expected to contribute to university goals?
Which external constraints are being imposed on the
space/campus to ensure its proper function?
(University Regulations, External…)
Criteria to measure whether a city is meeting its
Functional Purposes. It also serves to assess how
Generalised Functions perform.
Are the below key functions of an informal learning
space appropriate?
Note: Key functions are tasks or activities that are
required or expected so the informal learning space to
functions properly.

Values and Priority Measures
(Tier 2)
Generalised Functions (Tier 3)
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Object-related Processes
(Tier 4)

Explains what each physical component affords, this
is, what function they do.

Physical Objects
(Tier 5)

Physical description of an informal learning space. It
depends on what is included/excluded from a design.

An extract of a previously developed Abstraction Hierarchy of an urban playground is
presented in Figure 1 and 2. This figure is presented to offer an example of what the nodes
across hierarchy levels should represent, and also to offer an overview of the logics
behind means-ends connections.

Extract of an AH of an urban environment. Stevens and colleagues 2018

Extract from an AH of an urban playground. Showcasing Means-Ends relationships. Missen and colleagues 2017
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For this study, participants are asked to review the draft list of abstraction hierarchy nodes
at the top 3 levels and give their feedback and suggestions for further inclusion. Moreover,
participants are requested to connect the nodes across the top 3 levels of the AH, through
means-end connections. The connections made by different participants will later be
compared and analysed, to ensure the model captures a shared mental-model of an
informal learning space.
Your participation in this study is voluntary and you may withdraw your consent at any
time. This study has been approved by the Ethics Committee at Heriot Watt University.
If you have any questions, please contact Eduardo Navarro at en13@hw.ac.uk
Instructions for the Validation Process
The abstraction hierarchy will be used to assess how different design solutions (As
modelled by the lower two levels of the AH) impact the system functions, as defined by
the top 3 levels of the Abstraction Hierarchy, with the aim of assessing different design
concept’s effectiveness. The model has been developed, through based on the 13-18
university strategy and L&T strategy, and 14 semi-structured interviews with
stakeholders involved in the design and management of recently developed “study and
learning spaces” at HWU.
The Abstraction Hierarchy, has been bounded to the spaces for self-directed study and
learning and their immediate surroundings, therefore processes in formal teaching or
research, which also contribute to the university’s campus functioning, are not within the
scope of this model. The aim of this Delphi panel interview is to review and seek
consensus among relevant stakeholders around the nodes which should be included in the
top 3 layers of the AH. Second, the aim is to address how the nodes are interconnected
across levels. In other words:
-

What does a university informal learning space (note not for formal teaching, nor
research) include?

-

Is anything missing from the levels in the model?

-

Which nodes can be connected across the presented three levels through a meansend relationship?

The presented model, in the attached A3 sheet, includes the identified nodes for the top 3
levels. Please, indicate whether you agree or disagree with the inclusion of each node
across the three levels or if you feel anything has been missed. Also, please add any
comments regarding the placement of the nodes if you feel they would be better suited
elsewhere in the hierarchy. Responses from the interviews will be collated to refine and
validate the list of nodes for each layer.
Thank you for taking the time to participate in this study.
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*Note: Original version used in the validation exercise with stakeholder was in A3 format

308

Appendix C.2. Delphi Survey – 2nd Round Survey

Establishing Means-Ends Relationships
Delphi Survey Number: ___(To be filled by researcher)

Date: __________

Participant Name: _____________________________________________
Role: __________________________________________

Functional Purpose (Ends) – Values, Principles, Measures and Criteria (Means)
for Learning Space in Use
Are these Criteria, Values and Design Principles (in tables) in the context of an informal
learning space, means by which it can be assessed if the following Functional Purposes
are being achieved?
1. Providing an environment conducive to learning and the attainment of skills for life
and work (i.e. Graduate attributes/Skills)
Criteria, Values, Measures and Design Principles
Maximise Occupancy and Usage (of space and resources)
Aesthetic and Design Value
Maximise Opportunities for Social Interaction
Provision of Settings Aligned to Digital/Networked Learning Principles
Provision of Settings Aligned to Reflective/Cognitive Learning Principles
Provision of Settings Aligned to Social/Collaborative Learning Principles
Student Satisfaction
Safe Environment (Physically and Psychologically)
Flexibility and Adaptability
Indoor Environment Metrics (Tº, Humidity, Noise Levels, Lighting levels…)
Open and Equitable Access
Maintenance and Operation Costs
Staff Satisfaction

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

2. Positively contributing and enhancing the on-campus student experience
Criteria, Values, Measures and Design Principles
Maximise Occupancy and Usage (of space and resources)
Aesthetic and Design Value
Maximise Opportunities for Social Interaction
Provision of Settings Aligned to Digital/Networked Learning principles
Provision of Settings Aligned to Reflective/Cognitive Learning principles
Provision of Settings Aligned to Social/Collaborative Learning principles
Student Satisfaction
Safe Environment (Physically and Psychologically)
Flexibility and Adaptability
Reputational Enhancement and Visibility (Institutional)
Indoor Environment Metrics (Tº, Humidity, Noise Levels, Lighting levels…)
Open and Equitable Access
Maintenance and Operation Costs
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Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐

Staff Satisfaction (Services)

☐

3. Economically Sustainable to operate and manage (E.g. Value for Money…)
Criteria, Values, Measures and Design Principles
Maximise Occupancy and Usage (of space and resources)
Aesthetic and Design Value
Student Satisfaction
Flexibility and Adaptability
Income Generation (From services in space)
Reputational Enhancement and Visibility (Institutional)
Environmental Performance Metrics (Energy, Water, Waste…)
Indoor Environment Metrics (Tº, Humidity, Noise Levels, Lighting levels…)
Maintenance and Operation Costs
Staff Satisfaction (Services)

4.

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Contribute to and foster a sense of community

Criteria, Values, Measures and Design Principles
Maximise Occupancy and Usage (of space and resources)
Aesthetic and Design Value
Maximise Opportunities for Social Interaction
Provision of Settings Aligned to Digital/Networked Learning principles
Provision of Settings Aligned to Reflective/Cognitive Learning principles
Provision of Settings Aligned to Social/Collaborative Learning principles
Student Satisfaction
Safe Environment (Physically and Psychologically)
Flexibility and Adaptability
Reputational Enhancement and Visibility
Open and Equitable Access
Staff Satisfaction (Services)

5. Compliance with Regulations and Requirements (i.e. Building Regulations and
Guidelines, Environmental Performance requirements, QAA…)
Criteria, Values, Measures and Design Principles
Maximise Occupancy and Usage (of space and resources)
Aesthetic and Design Value
Safe Environment (Physically and Psychologically)
Flexibility and Adaptability
Environmental Performance Metrics (Energy, Water, Waste…)
Indoor Environment Metrics (Tº, Humidity, Noise Levels, Lighting levels…)
Open and Equitable Access
Maintenance and Operation Costs
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Yes
☐
☐
☐
☐
☐
☐
☐
☐

No
☐
☐
☐
☐
☐
☐
☐
☐

Values, Principles, Measures and Criteria (Ends) – General Functions
(Means) that must be met by the learning space in-use
Are the following criteria, principles and measures (numbered sections) influenced
or serve to assess/measure the following generalised functions of an informal
learning space (within the tables)?
1. Maximise Occupancy and Usage
Generalised Functions of the Learning Space
Provision of Facilities for Focused Individual Study/Work
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire safety, Structural safety…)

Ye
s

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Ye
s

No

☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐

2. Aesthetic and Design Value
Generalised Functions of the Learning Space
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Atmosphere and Ambience
Maintenance and Cleaning Services

3. Maximise Opportunities for Social Interactions
Generalised Functions of the Space
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work

311

Yes

No

☐
☐
☐

☐
☐
☐

Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Access to Food and Refreshments
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)

☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

4. Settings Aligned to Digital/Networked Learning Principles
Generalised Functions of the Space
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Atmosphere and Ambience
Monitoring of Usage and Resources

5. Settings Aligned to Reflective/Cognitive Learning Principles
Generalised Functions of the Space
Provision of Facilities for Focused Individual Study/Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)

6. Settings Aligned to Collaborative/Social Learning Principles
Generalised Functions of the Space
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Access to Food and Refreshments
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
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Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)

☐
☐
☐

☐
☐
☐

7. Student Satisfaction
Generalised Functions of the Space
Provision of Facilities for Focused Individual Study/Work
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire systems, Structural…)

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

8. Staff Satisfaction (Support Services, Maintenance Clerks, Cleaning
Clerks…)
Generalised Functions of the Space
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire systems, Structural…)

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐

☐
☐
☐

9. Safe Environment (Physical and Psychological)
Generalised Functions of the Space
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
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☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Generalised Functions of the Space

Yes

No

Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Facilitate Customisation and Re-Configuration of Spaces/Resources
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Space Allocation and Management
Atmosphere and Ambience
Monitoring of Usage and Resources

☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐

Manage and Control Lighting Levels (Visual Comfort)
Regulate and Management of Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Safety (Fire systems, Structural…)

10. Flexibility and Adaptability
Generalised Functions of the Space
Provision of Facilities for Focused Individual Study/Work
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire systems, Structural…)

11. Income Generation (From Space Services)

12. Reputational Enhancement and Visibility
Generalised Functions of the Space
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Facilitate Customisation and Re-Configuration of Spaces/Resources
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
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Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services

☐
☐
☐

☐
☐
☐

13. Environmental Performance Metrics (E.g. Energy consumption, CO2
emissions, Waste Generation, Water consumption…)
Generalised Functions of the Space
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Space Allocation and Management
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)

Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐

14. Indoor Environmental Metrics (E.g. Temperature, Humidity, Noise and
Lighting metrics, Ventilation…)
Generalised Functions of the Space
Access to Resources and Spaces (for all users)
Facilitate Customisation and Re-Configuration of Spaces/Resources
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)

Yes
☐
☐
☐
☐
☐
☐
☐
☐
☐

No
☐
☐
☐
☐
☐
☐
☐
☐
☐

15. Open and Equitable Access (Value)
Generalised Functions of the Space
Provision of Facilities for Focused Individual Study/Work
Provision of Facilities for Social Study
Provision of Facilities for Active Discussions and Groupwork
Provision of Facilities for Collaborative Digital Learning and Work
Enable Individual Digital Learning and Work
Facilitate Customisation and Re-Configuration of Spaces/Resources
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Manage and Control Sound Levels (Acoustic Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Atmosphere and Ambience
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Monitoring of Usage and Resources
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Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire systems, Structural…)

☐
☐

☐
☐

16. Maintenance and Operation Costs
Generalised Functions of the Space
Provision of Facilities for Non-Learning Activities (Recreation, Institutional events…)
Access to Resources and Spaces (for all users)
Provision of Support Services for Users
Facilitate Customisation and Re-Configuration of Spaces/Resources
Access to Food and Refreshments
Manage and Control Lighting (Visual Comfort)
Regulate and Management Movement and Flow
Space Allocation and Management
Provision Security (Of people, belongings and resources)
Maintenance and Cleaning Services
Monitoring of Usage and Resources
Manage and Regulate Thermal and Air Conditions (Thermal Comfort)
Safety (Fire, Structural…)
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Yes

No

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Appendix C.3. Final Results Delphi Study - Model with all connections
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Appendix D. ANP
Appendix D.1: Survey questionnaire
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Appendix D.2.: Pairwise Comparison Matrixes (Aggregated matrices)
TOTAL (All perspectives together)
Functional Purposes
FP Matrix

Cond. Env.

Student Exp

Cond. Env

Econ Sust.

0.632

Compliance

Community

Image/Rep

1.714

1.856

1.022

1.131

2.639

2.851

1.703

1.857

1.150

0.619

0.674

0.545

0.596

Student Exp

1.582

Econ Sust

0.583

0.379

Compliance

0.539

0.351

0.870

Community

0.979

0.587

1.615

1.836

Image/Rep

0.884

0.538

1.484

1.677

1.107
0.904

Criteria, Values and Priority Measures
Matrix (C1) – “Environment Conducive to Learning”
C1 Matrix

Soc. Int.

Digital

Soc Int.

Collab./Soc.
0.991

Reflective

Safe

Comf. Env.

1.251

1.249

0.707

0.618

1.251

1.266

0.716

0.616

1.006

0.577

0.514

0.572

0.505

Digital

1.010

Collab./Soc

0.799

0.799

Reflective

0.801

0.790

0.994

Safe

1.414

1.396

1.732

1.750

Comf. Env

1.618

1.625

1.945

1.980

0.848
1.179

Matrix (C2) – Economic Sustainability
C2 Matrix

Occ. Usage

Flexibility

Occ. Usage

Income

0.879

Env. Perfor

3.954

1.547

1.606

4.171

1.707

1.737

0.330

0.328

Flexibility

1.138

Income

0.253

0.240

Env. Perfor

0.647

0.586

3.029

Costs

0.623

0.576

3.045

1.039
0.963

Matrix (C3) – Compliance
C3 Matrix

Safe

Env. Perfor

Safe

Comf. Env.

1.359

Env. Perf

0.736

Comf. Env.

1.000

Costs

1.000
0.732

1.367

328

Matrix (C4) – Fostering a Sense of Community
C4 Matrix

Occ & Use

Student
Sat

Soc. Int

Occ & Use

0.663

Collab
Staff Sat.

Safe

Aw. & Rec.

0.599

1.194

0.638

0.750

0.723

0.900

1.843

0.975

1.144

1.119

1.989

1.082

1.289

0.511

0.613

0.595

1.201

1.145

Soc. Int
Student
Sat

1.508
1.670

1.111

Staff Sat.

0.837

0.543

0.503

Safe

1.567

1.025

0.924

1.955

Aw. & Rec.

1.333

0.874

0.776

1.632

0.832

Collab

1.383

0.894

0.818

1.680

0.873

1.222

0.964
1.038

Matrix (C5) – On-Campus Student Experience
C5 Matrix

Aesthetics

Aesthet.

Soc Int
1.117

Digital

Collab

Reflective

Student
Sat

1.543

1.706

0.910

0.960

0.902

1.142

1.441

1.567

0.814

0.854

0.806

1.255

1.391

0.706

0.741

0.708

1.102

0.575

0.605

0.576

0.532

0.545

0.522

1.071

1.011

0.895

Digital

0.780

0.876

Collab

0.648

0.694

0.797

Reflective

0.586

0.638

0.719

0.907

St. Sat

1.099

1.229

1.416

1.739

1.881

Safe

1.041

1.172

1.350

1.654

1.834

0.933

Comf Env

1.109

1.240

1.413

1.735

1.914

0.989

Matrix (C6) – Reputation Enhancement and Image/Brand

Aesthetics

Comf Env

1.283

Soc Int

C6 Matrix

Safe

Student
Sat

Aesthetics
Student
Sat

0.792
1.263

Staff Sat

0.485

0.414

Awa & Rec

0.799

0.632

Staff Sat

Awa &
Rec.

2.064

1.252

2.417

1.583
0.584

1.713
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0.938
1.066

Estates and Campus Services Perspective (n=65)
Functional Purposes
FP Matrix

Env Cond

Student Exp

Env Cond

Ec. Sust.

0.523

Compliance

Community

Rep/Image

1.405

1.492

0.870

0.829

2.580

2.783

1.800

1.689

1.107

0.669

0.598

0.580

0.541

Student Exp

1.913

Ec. Sust.

0.712

0.388

Compliance

0.670

0.359

0.904

Community

1.150

0.556

1.495

1.724

Rep/Image

1.206

0.592

1.671

1.848

0.933
1.072

Values, Criteria and Priority Measures
Matrix (C1) – “Environment Conducive to Learning”
C1 Matrix

Soc. Int.

Digital

Soc Int.

Collab./Soc.
1.094

Reflective

Safe

1.371

1.453

0.769

0.645

1.242

1.305

0.751

0.597

1.066

0.594

0.497

0.564

0.474

Digital

0.914

Collab./Soc

0.729

0.805

Reflective

0.688

0.766

0.938

Safe

1.301

1.332

1.683

1.774

Comf. Env

1.551

1.675

2.010

2.111

Matrix (C2) – “Economic Sustainability”
C2 Matrix

Occ. Usage

Flexibility

Occ. Usage

1.093

Income

1.638

1.674

1.497

1.462

0.473

0.450

Income

0.309

0.340

Env. Perfor

0.610

0.668

2.112

Costs

0.597

0.684

2.221

Env. Perfor

Comf. Env.

1.200

1.027

Matrix (C3) – Compliance
Safe

Safe
Env. Perf

0.833

Comf. Env.

0.974

Costs

2.938

0.915

C3 Matrix

Env. Perfor

3.238

Flexibility

0.820
1.220
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Comf. Env.

1.003
0.997

0.794
1.260

Matrix (C4) – Fostering a Sense of Community
C4 Matrix

Occ & Use

Student
Sat

Soc. Int

Occ & Use

0.583

Staff Sat.

Safe

Aw. & Rec.

0.615

1.169

0.663

0.780

Collab
0.686

1.028

2.063

1.190

1.387

1.221

1.903

1.136

1.286

0.547

0.658
1.177

Soc. Int
Student
Sat

1.714
1.627

0.973

Staff Sat.
Safe

0.855
1.509

0.485
0.840

0.525
0.881

1.829

Aw. & Rec.

1.282

0.721

0.778

1.519

0.849

Collab

1.458

0.819

0.864

1.745

0.962

1.157
0.573
1.040
0.868

1.152

Matrix (C5) – On-Campus Student Experience
C5 Matrix

Aesthetics

Soc Int

Aesthet.

Digital

0.921

Collab

Student
Sat

Reflective
1.479

0.901

0.915

0.904

1.289

1.602

1.674

0.954

0.956

0.952

1.235

1.329

0.775

0.759

0.758

1.077

0.618

0.600

0.610

0.591

0.565

0.562

1.045

1.012

1.086

Digital

0.868

0.776

Collab

0.720

0.624

0.810

Reflective

0.676

0.597

0.752

0.929

St. Sat

1.109

1.048

1.291

1.618

1.693

Safe

1.093

1.046

1.317

1.666

1.771

0.957

Comf Env

1.106

1.051

1.320

1.638

1.778

0.988

Matrix (C6) – Reputation Enhancement and Image/Brand
Aesthetics

Aesthetics

Comf Env

1.388

Soc Int

C6 Matrix

Safe

1.152

Student
Sat
0.867

Student Sat

1.153

Staff Sat

0.487

0.436

Awa & Rec

0.722

0.628

Staff Sat

Awa &
Rec.

2.053

1.385

2.291

1.593
0.648

1.542
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0.980
1.021

Academics Perspective (n=21)
Functional Purposes
FP Matrix

Env Cond

Student Exp

Env Cond

Ec. Sust.

0.532

Compliance

Community

Rep/Image

1.862

2.384

0.669

1.595

3.300

3.705

1.284

2.608

1.303

0.369

0.852

0.313

0.684

Student Exp

1.878

Ec. Sust.

0.537

0.303

Compliance

0.419

0.270

0.767

Community

1.494

0.779

2.707

3.195

Rep/Image

0.627

0.383

1.174

1.461

2.206
0.453

Values, Criteria and Priority Measures
Matrix (C1) – “Environment Conducive to Learning”
C1 Matrix

Soc. Int.

Digital

Soc Int.

Collab./Soc.
1.239

Reflective

Safe

1.039

1.274

0.926

0.733

0.839

1.019

0.735

0.583

1.176

0.888

0.733

0.727

0.571

Digital

0.807

Collab./Soc

0.962

1.192

Reflective

0.785

0.981

0.850

Safe

1.080

1.361

1.126

1.376

Comf. Env.

1.364

1.715

1.364

1.752

Matrix (C2) – “Economic Sustainability”
C2 Matrix

Occ. Usage

Flexibility

Occ. Usage

0.671

Income

1.034

3.805

1.453

1.556

0.335

0.348

Income

0.364

0.263

Env. Perfor

0.996

0.688

2.988

Costs

0.967

0.643

2.877

Env. Perfor

Comf. Env.

1.605

0.918

Matrix (C3) – Compliance
Safe

Safe
Env. Perf

0.623

Comf. Env.

1.089

Costs

1.004

1.490

C3 Matrix

Env. Perfor

2.747

Flexibility

0.557
1.797
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Comf. Env.

1.126
0.888

0.779
1.284

Matrix (C4) – Fostering a Sense of Community
C4 Matrix

Occ & Use

Student
Sat

Soc. Int

Occ & Use

0.402

Collab
Staff Sat.

Safe

Aw. & Rec.

0.575

0.674

0.412

0.471

0.496

1.489

1.757

1.141

1.410

1.426

1.167

0.719

0.906

0.610

0.739

0.764

1.306

1.148

Soc. Int
Student
Sat

2.486
1.741

0.672

Staff Sat.

1.483

0.569

0.857

Safe

2.426

0.876

1.390

1.640

Aw. & Rec.

2.123

0.709

1.104

1.353

0.766

Collab

2.018

0.701

1.168

1.310

0.871

0.856

0.936
1.068

Matrix (C5) – On-Campus Student Experience
C5 Matrix

Aesthetics

Aesthet.

Soc Int

Digital

0.883

Collab

Reflective

Student
Sat

1.019

1.316

1.360

0.962

0.811

1.361

1.219

1.510

1.457

1.135

0.931

0.867

1.179

1.116

0.796

0.653

1.299

1.257

0.979

0.764

0.983

0.709

0.595

0.713

0.588

1.132

Digital

0.820

0.735

Collab

0.981

0.820

1.154

Reflective

0.760

0.662

0.848

0.770

St. Sat

0.735

0.686

0.896

0.796

1.017

Safe

1.039

0.881

1.256

1.021

1.409

1.402

Comf Env

1.233

1.074

1.532

1.310

1.682

1.700

Matrix (C6) – Reputation Enhancement and Image/Brand
Aesthetics

Comf Env

1.219

Soc Int

C6 Matrix

Safe

Student
Sat

Aesthetics
Student
Sat

1.011
0.989

Staff Sat

0.637

0.668

Awa & Rec

0.818

0.823

Staff Sat

Awa &
Rec.

1.570

1.222

1.497

1.215
0.787

1.271
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0.816
1.226

Library Services Perspective (n=75)
Functional Purposes
FP Matrix

Env Cond

Student Exp

Env Cond

Ec. Sust.

0.747

Compliance

Community

Rep/Image

1.996

2.026

1.270

1.305

2.632

2.717

1.756

1.853

1.111

0.640

0.661

0.600

0.612

Student Exp

1.338

Ec. Sust.

0.501

0.380

Compliance

0.494

0.368

0.900

Community

0.788

0.569

1.563

1.667

Rep/Image

0.766

0.540

1.512

1.635

1.061
0.942

Values, Criteria and Priority Measures
Matrix (C1) – “Environment Conducive to Learning”
C1 Matrix

Soc. Int.

Digital

Soc Int.

Collab./Soc.
0.852

Reflective

Safe

1.264

1.104

0.639

0.570

1.449

1.319

0.713

0.645

0.902

0.499

0.464

0.553

0.508

Digital

1.174

Collab./Soc

0.791

0.690

Reflective

0.906

0.758

1.109

Safe

1.564

1.402

2.003

1.809

Comf. Env.

1.754

1.551

2.155

1.968

Matrix (C2) – “Economic Sustainability”
C2 Matrix

Occ. Usage

Flexibility

Occ. Usage

0.805

Income

1.783

5.638

2.115

2.075

0.257

0.253

1.242
0.193

0.177

Env. Perfor

0.559

0.473

3.893

Costs

0.561

0.482

3.946

Env. Perfor

Comf. Env.

1.470

0.978

Matrix (C3) – Compliance
Safe

Safe
Env. Perf

0.680

Comf. Env.

1.023

Costs

1.788

Income

C3 Matrix

Env. Perfor

5.172

Flexibility

0.694
1.441
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Comf. Env.

0.976
1.024

0.883
1.132

Matrix (C4) – Fostering a Sense of Community
C4 Matrix

Occ & Use

Student
Sat

Soc. Int

Occ & Use

0.864

Collab
Staff Sat.

Safe

Aw. & Rec.

0.578

1.412

0.708

0.780

0.848

0.678

1.664

0.794

0.874

0.962

2.443

1.206

1.382

0.471

0.519

0.587

1.108

1.241

Soc. Int
Student
Sat

1.157
1.730

1.476

Staff Sat.

0.708

0.601

0.409

Safe

1.413

1.260

0.829

2.123

Aw. & Rec.

1.281

1.145

0.724

1.929

0.902

Collab

1.179

1.039

0.682

1.705

0.806

0.896

Student
Sat

Safe

1.466

1.116

Matrix (C5) – On-Campus Student Experience
C5 Matrix

Aesthetics

Aesthet.

Soc Int

Digital

1.415

Collab

Reflective

1.407

1.888

2.000

0.833

1.018

0.971

0.979

1.404

1.466

0.617

0.729

0.701

1.419

1.478

0.596

0.736

0.715

1.027

0.446

0.533

0.521

0.430

0.512

0.497

1.220

1.196

Soc Int

0.707

Digital

0.711

1.021

Collab

0.530

0.712

0.705

Reflective

0.500

0.682

0.677

0.973

St. Sat

1.201

1.620

1.679

2.241

2.324

Safe

0.983

1.372

1.359

1.876

1.954

0.820

Comf Env

1.030

1.427

1.399

1.920

2.010

0.836

Matrix (C6) – Reputation Enhancement and Image/Brand
C6 Matrix

Aesthetics

Comf Env

Student
Sat

Aesthetics
Student
Sat

0.671
1.489

Staff Sat

0.463

0.355

Awa & Rec

0.883

0.598

Staff Sat

Awa &
Rec.

2.158

1.133

2.816

1.672
0.507

1.971
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0.969
1.032

ICT/AV and Information Services (n=9)
Functional Purposes
FP Matrix

Env Cond

Student Exp

Env Cond

Ec. Sust.

0.607

Compliance

Community

Rep/Image

1.407

1.641

1.423

1.187

2.320

2.621

2.473

2.061

1.117

0.976

0.987

0.819

0.819

Student Exp

1.649

Ec. Sust.

0.711

0.431

Compliance

0.609

0.382

0.896

Community

0.702

0.404

1.025

1.220

Rep/Image

0.843

0.485

1.013

1.220

0.956
1.046

Values, Criteria and Priority Measures
Matrix (C1) – “Environment Conducive to Learning”
C1 Matrix

Soc. Int.

Digital

Soc Int.

Collab./Soc.
1.130

Reflective

Safe

Comf. Env.

1.204

1.167

0.634

0.562

1.151

1.115

0.576

0.510

0.956

0.573

0.514

0.592

0.548

Digital

0.885

Collab./Soc

0.830

0.869

Reflective

0.857

0.897

1.046

Safe

1.576

1.737

1.745

1.690

Comf. Env.

1.781

1.963

1.946

1.825

0.857
1.167

Matrix (C2) – “Economic Sustainability”
C2 Matrix

Occ. Usage

Flexibility

Occ. Usage

Income

0.885

Env. Perfor
3.687

1.153

1.220

4.292

1.220

1.379

0.267

0.277

Flexibility

1.130

Income

0.271

0.233

Env. Perfor

0.867

0.819

3.751

Costs

0.819

0.725

3.613

Matrix (C3) – Compliance
C3 Matrix

Safe

Safe
Env. Perf

0.857

Comf. Env.

0.926

Env. Perfor

Comf. Env.

1.167

1.080
0.897

1.115

336

Costs

1.130
0.885

Matrix (C4) – Fostering a Sense of Community
C4 Matrix

Occ & Use

Soc. Int

Occ & Use

Student
Sat

0.552

Collab
Staff Sat.

Safe

Aw. & Rec.

0.596

0.952

0.443

0.702

0.616

0.985

1.682

0.783

1.260

1.080

1.587

0.783

1.220

0.446

0.749

0.622

1.702

1.318

Soc. Int
Student
Sat

1.811
1.677

1.015

Staff Sat.

1.050

0.594

0.630

Safe

2.256

1.277

1.277

2.244

Aw. & Rec.

1.423

0.794

0.819

1.335

0.587

Collab

1.624

0.926

0.954

1.608

0.759

1.048

0.857
1.167

Matrix (C5) – On-Campus Student Experience
C5 Matrix

Aesthetics

Aesthet.

Soc Int

Digital

1.351

Collab

Reflective

Student
Sat

1.649

1.909

0.819

1.000

0.819

0.857

1.093

1.367

0.562

0.693

0.607

1.361

1.682

0.655

0.749

0.685

1.318

0.457

0.602

0.537

0.403

0.497

0.458

1.220

1.046

0.740

Digital

0.799

1.167

Collab

0.607

0.915

0.735

Reflective

0.524

0.732

0.594

0.759

St. Sat

1.220

1.781

1.526

2.189

2.484

Safe

1.000

1.442

1.335

1.661

2.012

0.819

Comf Env

1.220

1.649

1.459

1.863

2.183

0.956

Matrix (C6) – Reputation Enhancement and Image/Brand
Aesthetics

Aesthetics

Comf Env

1.251

Soc Int

C6 Matrix

Safe

Student Sat

Staff Sat

0.708

Student Sat

1.413

Staff Sat

0.398

0.294

Awa & Rec

0.735

0.472

Awa & Rec.

2.515

1.361

3.399

2.120
0.460

2.173

337

0.819
1.220

Appendix E. Systems-PreOE
Appendix E.1. Overview of plans and ILS analysed
E.1.1. Learning Commons 1 – Elements Project (LC1)

Figure E.1. LC plan with zones as seen in inventory
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Figure E.2 Learning Commons – Elements project at Opening date (HWU, 2016)

Figure E.3. Learning Commons – Elements in use (HWU, 2017)
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E.1.2. James Watt Centre – Open Social Spaces

Figure E.4. JWC plan with zones as used in the inventory
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Figure E.5. JWC main open space at opening date (HWU, 2017)

Figure E.6. JWC open area (HWU, 2017)
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E.1.3. GRID Facility – Collaborative Learning 1 and 2 spaces

Figure E.7. GRID plan with zones as used in the inventory
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Figure E.8. Outdoor space of GRID facility (HWU, 2019)

Figure E.9. GRID facility (Shepperd and Robson, 2020)
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Appendix E.2. Codes of the three AH: Corresponding to adjacency matrix

Table E.1 Constraints included in the AH models for the three ILS

CODES FOR NODES (Shared Across – POs in below table)
Functional Purposes Tier
FP01
FP02
FP03
FP04
FP05
FP06

Provide and environment conducive to learning and attainment of
skills.
Positively contribute to the on-campus student experience
Financial sustainability of the space, services and resources
operations
Compliance with internal and external requirements and
regulations
Positively contributing to building a shared sense of community
Enhancing/Contributing to the reputation of the institution

Values, Priority Measures and Criteria Tier
C01
C02
C03
C04
C05
C06
C07
C08
C09
C10
C11
C12
C13
C14
C15

Occupancy, usage and access to resources and spaces
Aesthetic value and condition of spaces and facilities
Maximise opportunities for social interactions
Support digital & technology enabled learning (TEL) processes
Support individual & reflective learning processes
Support collaborative & social learning processes
Student satisfaction
Staff satisfaction (professional services managing the spaces)
Safe environment (Physically and Psychologically)
Flexibility and adaptability of the spaces and resources
Income generation from services and space operations
Awareness and recognition of the space
Environmental performance (Energy, water, waste…)
Comfortable environmental parameters (IEQ)
O&M costs

Generalised/Purpose-Related Functions Tier
GF01
GF02
GF03
GF04
GF05
GF06
GF07
GF08
GF09
GF10
GF11
GF12
GF13
GF14
GF15
GF16
GF17
GF18
GF19
GF20
GF21

Prov. Facilities for focused individual study and work
Prov. Facilities for social study and work
Prov. Facilities for collaborative Tech enabled/digital study and
work
Prov. Facilities for individual tech enabled/digital study and work
Enable customisation & reconfiguration
Facilitate for respite, recreation and non-learning activities
Prov. facilitates for large gatherings and meetings
Prov. Access to Resources
Prov. General support and information
Access to Food and Refreshments
Visual Comfort
Acoustic Comfort
Space Allocation & Management
Develop/Contribute to place's Atmosphere/Ambience
Security of People & Belongings
Maintenance & Cleaning of Spaces & Resources
Monitor use of spaces and resources
Thermal Comfort & IAQ
Ensure user's health & safety
Prov. sanitary facilities
Commercial/Retail function

Object-Related Processes/Affordances Tier
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LC 1

ILS Cases
JWC GRID

X

X

X

X
X

X
X

X
X

X

X

X

X
X

X
X

X
X

LC 1
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

LC 1

JWC GRID
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

JWC GRID

X
X

X
X

X
X

X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

LC 1

JWC GRID

AF01
AF02
AF03
AF04
AF05
AF06
AF07
AF08
AF09
AF10
AF11
AF12
AF13
AF14
AF15
AF16
AF17
AF18
AF19
AF20
AF21
AF22
AF23
AF24
AF25
AF26
AF27
AF28
AF29
AF30
AF31
AF32
AF33
AF34
AF35
AF36
AF37
AF38
AF39
AF40
AF41
AF42
AF43
AF44
AF45
AF46
AF47
AF48
AF49
AF50

Provides seating for long periods (Comfortable -Ergonomic
height)
Provides a surface for work/study (Comfortable - Ergonomic
height)
Permits re-location and re-configuration
Provides a physical barrier/obstacle (i.e. Fixed furniture, dist.
walls)
Affords congregating individuals and small groups (1-4 people)
Affords cong. individuals & small groups (1-4 people) around
PCs
Provide means to record/register use (e.g. Login, reads...)
Affords computer-based work for long periods of time
Provides access to network (e.g. Eduroam)
Provides access to electric power
Means to control lighting (Entire room/area lighting)
Enables display & sharing of digital documents/materials
Affords real time AV communication (i.e. Videoconferencing)
Provides acoustic isolation
Means to accommodates 1 person (Constraints large group
gatherings)
Encourages use of learner owned technology and devices
(BYOD)
Provides comfortable & cushioned seat (Low height - Sofa like)
Provides low surface for work (Low height/small) (e.g. Coffeetable like)
Affords congregating and accommodating large groups 5+ People
Provides a visual/perceptual buffer for users
Facilitates noise reduction and control
Access to natural environment (e.g. Views, greenery, biophilic
design, material use…)
Afford access to natural lighting
Provides aesthetic interest
Communicates values & principles
Communicate and declare expected behaviours and use
Means to display general information
Means to share and display student's work
Enables collection of fares or money
Provides means to self-service
Provides means for entertainment and recreation
Enables purchasing/acquisition of food and beverages
Access to drinking water
Enables coverage of general user's sanitation needs
Provides physical zoning & boundaries
Communicates boundaries between areas (e.g. through naming)
Provides means to alert or inform users (e.g. Alarms/Speakers)
Provides means to detect fire & smoke
Provides means to extinct & combat fire
Provides means for waste disposal
Provides means for heating/cooling
Introduces and extracts air (Mechanically or naturally)
Provides general illumination (Not natural lighting)
Provides means to control facilities environmental parameters
Provide means to manage and monitor energy consumption
Affords grooming and general hygiene
Provides means to regulate and control natural lighting levels
Enables safe storage of bicycles (Environmentally protected)
Reduces reverberation and improves acoustics of open spaces
Provides information on booking/schedule
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X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

X
X
X

X
X
X

X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

AF51
AF52
AF53
AF54
AF55
AF56
AF57
AF58
AF59
AF60
AF61
AF62
AF63
AF64
AF65
AF66
AF67
AF68
AF69
AF70
AF71
AF72
AF73
AF74
AF75
AF76
AF77
AF78
AF79
AF80
AF81
AF82
AF83
AF84

Affords teaching and formal instruction
Encourages environmentally friendly transport
Provides information on campus-outside transport connections
Affords congregating large groups (5+ People) around a
PC/screen
Provides a surface for writing on/over
Means to control AV equipment
Regulates access to space/equipment
Facilitates virtual collaboration for groups
Affords views across interior spaces
Affords printing (i.e. Data to paper)
Provides seating for short-term (High seat) or standing work
Provides surface to work short periods, not Ergonomic (i.e. High
height)
Provides cushioned seats at various heights (not ergonomic)
Affords contacting support services (i.e. Troubleshooting)
Provides General Assistance and Help
Enables Movement Across Levels
Provides means for individual control of illumination
Communicate/declare expected behaviours (food-related)
Encourages Prevention of Strain and Misuse
Surfaces at different height - not ergonomic for work
Enforcement of Behaviours/Regulations
Means to Heat Food/Beverages
General Retail/Purchase
Affords digital and computer-based work (Short periods of time)
Cushioned seating for long periods (Comfortable and ergonomic)
Enables interaction with and manipulation of digital documents
Means to control AV equipment
Provides information on environmental performance & behaviour
Affords showering
Facilitates wayfinding - Information on location/plans
Stores information on building design (i.e. drawings)
Affords outdoor seating
Means to control temperature in rooms/areas
Provides information visually on current environmental
parameters – E.g. Tº

X
X
X

X
X

X

X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X

PHYSICAL OBJECTS TIER*
*Note Codes for Physical Objects tier are presented with the inventory details (Appendix E.3.).
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Appendix E.3. Space inventory numbers for the three cases
Table E.2. Codes and inventory with adjacency matrix weights at the physical objects tier for the LC

Codes and Inventory at the physical objects tier for the Learning Commons 1
(Total Capacity = 200 study spaces)
Code
PO1
PO2
PO3

PO4

PO5

PO6

PO7
PO8
PO9

PO10
PO11
PO12
PO13
PO14
PO15
PO16
PO17
PO18
PO19
PO20
PO21
PO22
PO23
PO24
PO25
PO26

Description
Setting 1:
Plectrum Tables with Desktop PCs
Setting 2:
Enclosed Project/Group Rooms
Setting 3:
Individual Desks/Tables next to
wall
Setting 4:
Sofas/Crush areas in the middle of
the LC
Setting 5:
Semi-enclosed Booth Seating Area
(Presentations)
Setting 6:
Perimeter Bench with individual
seating
Setting 7:
Table area next to Elements
(Restaurant)
Setting 8:
Web-Counter and walk-up PCs
Setting 9:
Individual Armchairs next to the
Windows
Setting 10:
Bar-like seating booths next to
Elements
Setting 11:
Forum Bench at the Entrance of LC
Setting 12:
Landscape Module: next to lecture
theatre 4
Desk Counter (Helpdesk Style)
Printing Facilities (Scan, Copy and
Print) - Self Issue Printing
Wireless Network (Routers) Eduroam
Phone Facilities (Assistance)*
LCD Screen (Non-Interactive)
Professional Services Staff*
Vending Machines
Water Dispensers (Hot water also)
Café/Restaurant*
Microwaves
Bathroom/ Toilets (General
Services)
General Shop/Commercial Area*
Lifts (Access through)
Varied Furniture Styles Furniture

Spaces
available (U)

% Units of
total cap.

Value in adj.
matrix (1/%)

24

0.12

8.333

21

0.105

9.524

10

0.05

20.000

21

0.105

9.524

4

0.02

50.000

18

0.09

11.111

44

0.22

4.545

2

0.01

100.000

4

0.02

50.000

16

0.08

12.500

16

0.08

12.500

20

0.01

10.000

10h out of 18h

0.44

3.333

164

0.82

1.220

200

1

1.000

10h out of 18h
28
2h out of 18h
100
6.5h out of 18h
100

0.44
0.14
0.11
0.5
0.82
0.36
1

2.25
7.143
9.091
2.000
1.220
2.778
1.000

100

1

1.000

10h out of 18h
100
139

0.55
1
0.695

1.818
1.000
1.439
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PO27
PO28
PO29
PO30
PO31
PO32
PO33
PO34
PO35
PO36
PO37
PO38
PO39

Varied Coloured Layouts
(Walls/Ceiling/Floors)
Boundaries and Indoor Wall forms
HVAC System (In general, Heating
radiators/units, ventilation
conducts, extraction…)
Lighting Systems (General)
BMS
Smoke Detectors
Alarm System (Speakers)
Extinguishers
Signage and Posters (Fire and
Safety Norms/Procedures)
Disposal Bins (E.g. Combined
Recycling and General Bins...)
Signage (Area/Spatial Naming)
Artwork - Theme/Pattern Style
Pin-Up Displays / Announcement
Boards

61

0.305

3.279

50

0.25

4.000

200

1

1.000

200
200
200
200
200

1
1
1
1
1

1.000
1.000
1.000
1.000
1.000

200

1

1.000

200

1

1.000

71
50

0.355
0.25

2.817
4.000

50

0.25

4.000

* Note: The values for services (e.g. Service desk, professional services available, or Café/Restaurant)
are computed based on opening/available times, against total opening time of the ILS (18 hours).

Table E.3. Codes and inventory with adjacency matrix weights at the physical objects tier for the JWC

Codes and Inventory at the physical objects tier for the James Watt Centre
(Total Capacity = 224 study spaces)
Code
PO1
PO2
PO3
PO4
PO5
PO6
PO7
PO8
PO9
PO10
PO11
PO12
PO13

Description
Setting 1: Individual Booths
(Triangle setting) at the lounge (6)
Setting 2: Group Tables close to
wall (Lounge) and in the middle of
the lounge
Setting 3: Tessellated Table settings
across the Lounge
Setting 4: Large couches on the
middle of the lounge "[ ]" shaped
Setting 5: Sofas, armchairs and
Ottoman Areas across lounge
Setting 6: Booths (sofas) for group
work - next to small LT
Setting 7: Group Tables in Gibson
Room - Next to walls
Setting 8: Individual booths
(Triangle) - At Gibson room (10)
Setting 9: Tables with combination
chairs and small vertical separators
in the middle (Bruce Room)
Setting 10: 4 Large Screens with inbuilt PCs (Bruce Room)
Setting 11: Sofa, Armchair seating
at the entrance to the JWC (next to
corridor - Carnegie Room)
Desk Counter
Wireless network

Spaces available
(Units)

% Units of
total cap.

Value in adj.
matrix (1/%)

4

0.018

56.000

44

0.196

5.091

24

0.107

9.333

24

0.107

9.333

20

0.089

11.200

16

0.714

14.000

20

0.089

11.200

10

0.045

22.400

10

0.045

22.400

12

0.054

18.667

40

0.179

5.600

5h out of 14h
224

0.36
1

3.290
1.000
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PO14
PO15
PO16
PO17
PO18
PO19
PO20
PO21
PO22
PO23
PO24
PO25
PO26
PO27
PO28
PO29
PO30
PO31

LCD Screens (At different spaces
and in the Entrance areas)
Vending Machines
Café Service
Bathroom/Toilets
Public Transport Proximity
(Visible)
Outdoor Bike Parking in the
immediate surrounding
Acoustic Battens - Next to Walls in
Lounge
General Lighting
HVAC System
BMS
Fire Detectors
Alarm System
Extinguisher
Disposal Systems
Signage and Posters (Fire and
Health and Safety)
Spatial Naming (Some of the areas)
Varied Furniture Styles Furniture
Multi Coloured Layouts
(Walls/Ceiling/Floors)

130

0.588

1.700

62
5h out of 14h
224

0.277
0.360
1

3.613
2.778
1.000

44

0.196

5.091

44

0.196

5.091

88

0.394

2.540

224
224
224
224
224
224
224

1
1
1
1
1
1
1

1.000
1.000
1.000
1.000
1.000
1.000
1.000

224

1

1.000

92
122

0.411
0.546

2.435
1.830

92

0.411

2.435

* Note: The values for services (e.g. Desk or Café) are computed based on opening/available times,
against total opening time of the ILS (14 hours).

Table E.4. Codes and inventory with adjacency matrix weights at the physical objects tier for GRID

Codes and Inventory at the physical objects tier for the GRID: Collaborate 1 & 2
(Total Capacity = 210 study spaces)
Code
PO1
PO2
PO3
PO4
PO5
PO6
PO7
PO8
PO9
PO10
PO11
PO12
PO13

Description

Spaces available
(Units)

% Units of
total cap.

Value in adj.
matrix (1/%)

15

0.070

14.286

8

0.040

25.000

35

0.170

5.882

6

0.030

33.333

30
10
8

0.140
0.050
0.040

7.143
20.000
25.000

4

0.020

50.000

4

0.020

50.000

50

0.240

4.167

16

0.080

12.500

24

0.110

9.091

210

1

1.000

Setting 1: Individual Armchairs,
with separated AND writing tabs
Setting 2: Individual Pods/Booths
Setting 3: Enclosed/Bookable
rooms with AV
Setting 4: Semi-enclosed circle in
the middle of the room
Setting 5: Y Shaped Large Tables
Setting 6: Booth Style Sofas
Setting 7: High Circular Tables
Setting 8: Rooms without
technology (G.1)
Setting 9: Rooms without
technology (G.2.)
Setting 10: Tables with AV built-in
each with capacity for 5 people
sitting capacity
Setting 11: Booth seating
Collaborative Learning 2
Setting 12: Mix of Small and Large
Booth Seats at CL 2
Printing Facilities (Scan, Copy and
Print) - Self Issue Printing
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PO14
PO15
PO16
PO17
PO18
PO19
PO20
PO21
PO22
PO23
PO24
PO25
PO26
PO27
PO28
PO29
PO30
PO31
PO32
PO33
PO34
PO35
PO36
PO37
PO38
PO39
PO40
PO41
PO42
PO43
PO44

Wireless Network (Routers) Eduroam
Phone Facilities (Troubleshooting)
*
Screen Panel (At the Lobby Schedule Information) (NonInteractive)
Vending Machines
Cold Water Dispensers (For
Bottles, with information on Bottles
saved)
Lectern - (Control of AV systems)
Café/Restaurant *
Bathroom/ Toilets (General
Services)
Shower Facilities (2 places)
Varied Furniture Styles Furniture
Multi Coloured Layouts
(Walls/Ceiling/Floors)
Indoor Circular Wall at 1.20ish m
HVAC System (In general, Heating
radiators/units, ventilation
conducts, extraction…)
Lighting Systems (General)
BMS
Smoke Detectors
Alarm System (Speakers)
Extinguishers
Irrigators
Posters (Equipment/Space Usage
Guidelines/H&S Procedures...)
Signage (Area/Spatial Naming)
Artwork - Just Outdoors Sculpture
and Art
Outdoor Seating Area (Next to the
space)
Outdoor Bike Parking (Next to the
space)
Architectural Drawings and Plans
Kiosk - With controls for AV and
lighting
Acoustic Battens/Panels
Posters (Environmental
Performance and Accreditation)
An "Alexa" style System on the
Entrance (Talk to your Smart
Building)
Bins (Recycling)
Lifts

210

1

1.000

10h out of 18h

0.55

1.820

210

1

1.000

105

0.5

2.000

105

0.5

2.000

90
6.5h out of 18h

0.43
0.36

2.326
2.778

210

1

1.000

105
166

0.5
0.790

2.000
1.265

44

0.21

4.772

13

0.061

16.667

210

1

1.000

210
210
210
210
210
210

1
1
1
1
1
1

1.000
1.000
1.000
1.000
1.000
1.000

210

1

1.000

166

0.79

1.265

61

0.290

3.448

21

0.100

10.000

21

0.100

10.000

42

0.200

5.000

166

0.790

1.265

166

0.790

1.265

210

1

1.000

42

0.200

5.000

210
210

1
1

1.000
1.000

* Note: The values for services (e.g. Technical Assistance or Café services) are computed based on
opening/available times, against total opening time of the ILS (18 hours).
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Appendix E.4. Coding sample for the analysis in the analysis
R CODE SCRIPT
library(igraph) # Load the iGraph package
nameOfCase.matrix <- read.csv(file.choose(), header=TRUE, row.names=1,
check.names=FALSE, na.strings = "")
# Read a csv/Excel as an adjacency matrix
WMatrix <- as.matrix(nameOfCase.matrix)
# CSV uploaded to a Matrix
isSymmetric(WMatrix)
#Test Symmetry of the Matrix (Ensure the analysed matrix, is properly symmetric)
#If test True - Matrix is symmetric, therefore continue. If FALSE, review the
construction of the matrix timesheet
nameOfCase Wgraph <- graph.adjacency(WMatrix, mode="undirected",
weighted=TRUE)
# Create a weighted graph from the adjacency matrix
# Weights in adjancecy matrix
plot.igraph(nameOfCaseWgraph, edge.label=round(E(LCWgraph)$weight, 4),
edge.label.cex = 0.3, vertex.size=4, vertex.frame.color="NA", vertex.label.cex=0.3,
edge.width=1, edge.arrow.size=1)
# Plots the graph (Adjacency Matrix) as a network (Adjust label, edges, and vertex
sizes)
BCResults <- betweenness(nameOfCaseWgraph, v = V(nameOfCaseWgraph), directed
= NULL, weights = NULL,
nobigint = TRUE, normalized = FALSE)
# Obtain and store the Betweenes centrality values for each of the nodes/vertex in the
network.
CCResults <- closeness(nameOfCaseWgraph, v = V(nameOfCaseWgraph), directed =
NULL, weights = NULL,
nobigint = TRUE, normalized = FALSE)
# Obtain and store the Closeness centrality values for each of the nodes/vertex in the
network.
DCResults <- Degree(nameOfCaseWgraph, v = V(nameOfCaseWgraph), directed =
NULL, weights = NULL,
nobigint = TRUE, normalized = FALSE)
# Obtain and store the Degree centrality values for each of the nodes/vertex in the
network
# --------

Exporting Centrality Results to a CSV documents (Excel) -------
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#Before Exporting ressults - Remember to set the correct Directory where they will be
saved:
# Process: (Menu) Session -> Set Working Directory - > Choose Dir...
write.table(BCResults, file= "BCResults.csv", sep = ",")
#Betweenes Centrality Results – Saved in BCResults.csv document
write.table(DCResults, file= "DCResults.csv", sep = ",")
#Degree Centrality Results. Saved in DCResults.csv document
write.table(CCResults, file= "CCResults.csv", sep = ",")
#Closeness Centrality Results. Saved in CCResults.csv document
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