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Abstract

The key role of understanding the societal impacts of the built environment, as highlighted in
the CIB’s Revaluing Construction initiative is highlighted and, in particular, the importance of
the experience of the users. This is then contextualised in the struggles of the research
community to evidence the holistic impact of spaces on human performance. Proposals are
made to handle the conceptual and analytical complexity inherent in this issue. Building
from these ideas a successful test of the approach is reported. This provides evidence that
the built environment aspects of a sample of thirty-four UK primary schools explain around
25% of the variation in pupils’ learning rates over a year.

The paper comes full circle to conclude on the systemic nature of built environment impacts,
and the opportunity, if they can be better understood, to improve peoples’ lives and make
optimal use of the huge investments being made in the built environment. This could have
radical impacts on how construction is seen — not dirty, dangerous and disruptive; but life-
giving, economy-driving, a source of happiness and effectiveness. As well as raising the
perception of the societal value of construction this perspective also has radical business
implications for those in industry or design. By designing and building with the impact on
users’ health, well-being and effectiveness centrally in mind, greater value can be delivered
for clients and thus the sustainability of the businesses will be enhanced.

Keywords: Industry effectiveness, user, impacts, evidence.
1. Introduction
The CIB proactive theme Revaluing Construction highlighted seven key aspects that

demand comprehensive attention if sustained industry improvement is to be achieved
(Barrett P S 2007; Barrett P S 2008). These are shown in Figure 1.
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Figure 1: Revaluing Construction: Seven Linked Area s for Industry Improvement
In the UK at least significant activity around the items can be seen. For example:

(&) The multi-disciplinary / stakeholder UK Strategy Panel for Construction has adopted an
holistic idea of construction that extends to include the whole building life cycle by taking
a “built environment” perspective. Thus in their strategy document for the industry it is
stated that: “the built environment industry represents some 20% of the UK’s GDP ...
and is therefore a major national economic driver” and it is argued that beyond this it “...
influencel[s] all aspects of our quality of life and enable[s] the economy and society to
function” (National Platform for the Built Environment 2008). This shared vision
represents a significant shift in thinking from the group’s traditional stance, which was to
think about what would be good for construction in itself as 7% of GDP. This scaling of
the built environment sector within the economy was based on the CIB’s activity scoping
of a conceptual framework for a meso-level economic analysis (Carassus J 2004). This
addressed the illogicalities of the way in which the SIC economic categories work for
construction as highlighted by Winch (2003), such as architects and other consultants
not being counted in as part of the industry, but the meso-level analysis also factored in
the use phase in terms of operating costs and property activity.

(b) The above shift in perspective has chimed with a range of practical actions to move
away from lowest bid selection and towards longer term, value-orientated relationships
through initiatives, such as partnering and PPP arrangements. These have not been
without problems, but do represent efforts to factor in social capital, rather than a focus
solely on market forces. However, it would seem that these initiatives are coming under
pressure in the current recession as clients strive to minimise short term costs. This may
look sensible, but the theory at least is that partnering arrangements should deliver
better value longer term (at the end of the project and beyond) and so it will be
interesting to see what the consequences are in thee medium term.



(c) The area of dynamic decisions and information has been building up for many years as
technologies became available. The impetus for implementing Building Information
Models (BIM) was given a significant boost by the NIST Report that highlighted the huge
losses incurred through a lack of interoperability between the phases of design,
construction and use (Gallaher M P, O'Connor A C, Dettbarn J L et al. 2004). In the UK,
the Government’'s decision to stipulate that public sector projects “will require fully
collaborative 3D BIM (with all project and asset information, documentation and data
being electronic) as a minimum by 2016” (Cabinet Office 2011). This has led to a flurry of
activity amongst technology providers and users in industry. There is a danger that this
will be treated as a compliance issue by industry focused on getting and using the
technology. There is a wider strategy at large (HM Government 2012) and this aspires
for BIM to impact very broadly on the whole supply chain, but also, hopefully, supporting
the whole life cycle approach by enhancing the operation and functionality of assets.
This is important as the NIST report suggested that most benefit is to be had to the client
within the use phase, although most potential to act was asymmetrically located at the
earlier phases of the process. The Government lead as a major client overcomes this
motivational disjuncture by force, but to be entirely successful the scope and impacts of
BIM need to kept broad.

(d) There has been an immediate response within educational institutions to train and
educate students and practitioners around current / emergent issues and BIM has been
no exception and it is to be hoped that this will impact favourably on the evolving
knowledge and attitudes of those making up the human capital of the sector. There is no
doubt that research has proactively delivered large aspects of the possibility of BIM and
encouraged progress by linking those engaged in international good practice. For
example academics were actively moving things from 3 to 4 to “n” dimensional CAD
many years (Issa R, Flood | and O'Brien W 2003) before the industry was stung into
action by public sector client demand. Even more specific is the growth of the national
implementation effort in the US around the energy and expertise of a Stanford University
postgraduate from their CIFE programme.

(e) Of the seven action areas two have been lagging. The promotion of the full value
delivered by construction is a challenge, but is important if clients are to be inclined to
invest and workers motivated to choose to work in this sector. The UK strategy above is
an example of a strongly positive view being promoted and parallel activity has been
evident elsewhere. For example an ambitious and strategic programme of activities is
being instituted in Malaysia, which shows many resonances with the Revaluing
Construction approach (Barrett P and Hamid Z 2011) and carries high economic and
societal ambitions for that country. Within Europe the European Construction
Technology Platform (ECTP) has grasped a representative role for the sector towards
the EC and has produced an impressive and ambitious strategic research agenda
(ECTP 2005). This led to a higher profile for the sector and it is interesting to note that,
when the financial crisis first hit, construction representatives were involved from the
start in high-level discussions around investments to progressively work the European
economies out of the recession.



(f) This leaves the last area, which is gaining an improved awareness of the systemic
contribution of the sector. This is implicit to the 20% GDP argument, but this just shows
the built environment sector is big and important in itself, it does not show that massive
benefits flow from its activities. Of course we all intuitively know, for example, that we
need shelter from the elements and that certain places provide important cultural foci
with deep historical connections. There is also a wealth of evidence about physiological
and psychological impacts of various environmental dimensions. For example, poor air
guality as indicated by high CO, levels are common in schools and pupils can be
measured to show that this results in reduced attention and cognitive performance
(Bako-Biro, Clements-Croome, Kochhar et al. 2012). However, there is surprisingly little
evidence of the holistic, combined impact of the features of spaces on general human
performance / well-being. This aspect is picked up below, with a particular emphasis on
the characteristics of schools and connections to pupils’ learning rates.

2. The systemic contribution of the Built Environment

Gaining an understanding of this aspect is a key element of how industry is perceived, but
also how it performs. It is a crucial aspect for the European Construction Technology
Platform’s (2005) aspiration to maximise the positive contribution that the built environment
can make by addressing value, rather than just cost considerations. Value is derived from
the built environment in many forms. For example, Macmillan (2006) has suggested (and
illustrated) six: exchange value, use value, image value, social value, environmental value
and cultural value. It would seem logical to think that “use value” is an important concept
amongst these, as if it is taken beyond the work context suggested, then impacts on users
will feed many other sorts of value. For example, if a building, say a retail outlet, is effective
in supporting the sales, then its exchange value will increase. Or if image value is negative, it
is because it has a negative impact on those affected by the building.

Thus, it is argued that fundamentally the value delivered by the built environment is
fundamentally founded on impacts on users. This leads to the question as to how these
impacts occur between the built environment and individual users. The basic currency
would seem to be impacts the built environment has on our senses, which are then noted
and interpreted as a holistic experience by our brains. This is a simple thought experiment,
but leads to some interesting possibilities.

Rolls (2005) tracks the routes from our senses to our brains and starts to dissect how they
are judged and balanced through processes of primary (hard wired) and secondary (learnt)
reinforcers. This is all within a context that is so information-rich that a simple calculated
response is impossible and so responses to spaces are really quite implicit, or emotional in
nature. So, first, as our emotional systems have evolved over the millennia in response to
our natural environment, it does not seem unreasonable to suggest that our comfort is likely
to be rooted in key dimensions of ‘naturalness’, stressing positive aspects of naturalness,
such as clean air. Second, the personal way in which individuals build connections between
primary reinforcers and complex representations of secondary reinforcers, situated within
memories leads to the importance of ‘individualization’ as an additional, key, underlying
design principle. Third, there is also a recurrent theme around the general level of



stimulation that is appropriate for given situations. Nasar (1999) reinforces the central
importance of the level of stimulation and suggests that combinations of pleasantness (or
unpleasantness) and different levels of arousal yield either excitement (or boredom) or
relaxation (or distress). More detailed arguments are provided for these three underpinning
design principles in Barrett and Barrett (2010) and can be summarised as shown in Figure 2
— the individual at the intersection of the natural, task and personal environments.
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Figure 2: Neuroscience-informed analytical structur e

3. Evidencing holistic impacts

Taking school design as an example, there has been a lot of research over the years. When
summarised (Barrett PS and Zhang Y 2009) the overriding impression is of lots of views
about good schools, some evidence of linkages between specific aspects (say layout) on
pupils’ learning, some evidence of impacts on users’ preferences, but very little evidence of
an understanding of the holistic impact of school spaces on validated learning rates. There
are exceptions and Tanner (2000) is one, but this study suffers from performing a regression
analysis on a multitude of factors that in many cases overlap with each other, causing
problems in interpretation.

Looking more broadly, it is apparent from the internal environment quality (IEQ) literature
that the analysis of the interactions of multiple sensory factors and linking these to human
responses (let alone variations in performance) is a current and unresolved issue, (Bluyssen
P M, Janssen S, van den Brink L H et al. 2011). IEQ research has primarily focused on the
readily measurable aspects of: heat, light, sound and air quality, and although impressive
individual sense impacts have been identified, it has been a struggle to explain variations in
overall human performance with these variables. Indeed Kim and de Dear (2012) argue
strongly that there is currently no consensus as to the relative importance of IEQ factors for
overall satisfaction.



So it is interesting to note that since Ulrich's (Ulrich R 1984) ground-breaking work on views
of nature and healing (one dimension of the environment) and Heschong Mahone’s (1999;
2003) studies on daylighting in schools there seems to have been very little development in
linking the impact of the holistic, multiple aspects of the environment on human performance.
There appears to exist an important research challenge around the issue of better
understanding, and evidencing, the holistic impacts of spaces on users. To address this
challenge it is argued that, first the conceptual complexity of the real world factors to be
considered needed to be prioritised and structured. Secondly, the practical complexity of the
analysis needs to be addressed.

The struggle that the IEQ researchers are having to address the interactive impacts of
combinations pairs of factors argues for the need for a complementary effort, working from
the other end of the telescope, by adopting a top-down selection and structuring of the
factors to be considered. This is where the neuroscience-informed model described above
may have utility. This over-arching conceptual perspective could be a route to synthesise the
alternative design factors into a form that generates hypotheses for optimal design that can
provide a basis for understanding the combined effects of sensory inputs on users of
buildings at a level of resolution where “emergent properties” (Checkland 1993) may be
evident. Until recently the only exemplar study using this sort of thinking was focused on
Alzheimer’s care facilities (Zeisel J, Silverstein N, Hyde J et al. 2003), which successfully
demonstrated how characteristics of the built environment can have medically convincing
impacts on symptoms such as aggression and depression. The implication is that the
structuring of the brain’s functioning could be used to drive the selection and organisation of
the environmental factors to be considered, not just their inherent measurability. Thus, the
three neuroscience-derived design principles could be used to choose and order the factors
to be included, covering the usual four IEQ factors (heat, light, sound and air quality) but also
others, such as aspects linked to “appropriate level of stimulation”, for example, colour and
visual complexity.

The second aspect concerned the analysis of the data. As the focus is on people in spaces
it will tend to be inherently nested (e.g. pupil in class in school), thus to avoid misleading
results due to the overestimation of significance, a multi-level analysis approach can be
adopted (Goldstein H 1995; Peugh J 2010). This provides a rigorous way of dealing with
unmeasured effects by allowing the residuals to be partitioned at each level. Multilevel
modelling is well tested in educational research, a specialist support centre exists at Bristol
University (Rasbash J, Steele F, Browne WJ et al. 2009; MLwiN 2012) and this approach
was used with success in Zeisel's study.



4. Testing the proposition in the context of schools

Using these two approaches together to address the issue of holistic built environment
effects on humans in spaces is novel and a project on primary schools has been carried out
with funding from industry and the UK's Engineering and Physical Sciences Research
Council. The HEAD (Holistic Evidence and Design) project research model, built on the
above ideas, is given in Figure 3.
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Figure 3: Research Model for Schools study

Blackpool Council supplied access to seven primary schools. All of the schools studied had
their own unique features in terms of school site and buildings. They displayed a good level
of variety across the sample, which facilitated meaningful analysis. Similarly SATs results for
the pupils in the chosen classrooms were obtained so the improvement in “learning” over the
preceding year could be assessed. Primary schools provided an ideal test environment for
the ideas in play here, as young pupils of this age spend almost all their time in the same
room, so any influence of the characteristics of that room should be at a maximum. The
study design and results have been described fully in Barrett et al (2013).

The results of this study of schools have provided strong proof of concept for the efficacy of
this approach to both the conceptual and practical complexity inherent in “natural” data of the
sort studied. At the “class” level, 73% of the variation in learning rates of 751 pupils, based
on exam their results, was explained by six built environment design parameters, which
together contribute at an estimated 25% of the overall influences on learning rates. Thus, it
is apparent that the holistic impacts of spaces on people can be identified and are potentially



very large. The six environmental aspects that were found to be significant are summarised
in Table 1.

Table 1: Summary Results from Schools’ Project
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5. Conclusions

This paper started with the Revaluing Construction perspective on industry improvement.
This led to the identification of the importance of making progress on the “awareness of the
systemic contribution” of the built environment within society. The focus was then targeted
down on the impact of spaces on users via their senses and mediated by their brains. The
problem with studying the complexity of human performance in “natural” settings was
illustrated and strategies proposed for dealing with this conceptually and analytically. The
results were reported of a study that successfully took this approach.

This brings us full circle. If the holistic effects of the built environment can be more fully
understood for all users of spaces there is tremendous potential to improve peoples’ lives
and make optimal use of the huge investments being made in the built environment. In
addition it will provide a meta-structure with potential to sweep in a lot of very rigorous
laboratory studies of single dimensions, such as the light work by the Lighting Lab at the
Rensselaer Polytechnic Institute. Finally, it will provide a way forward for the development of
functional, holistic, standards for spaces.



The approach and initial test described above have taken several years, but offers real hope
that the issue of the value of the built environment within society can be understood and
evidenced. This should have radical impacts on how construction is seen — not dirty,
dangerous and disruptive; but life-giving, economy-driving, a source of happiness and
effectiveness. For the industry the challenge will be to work with clients to accommodate
new knowledge about user impacts within an already congested briefing space.

This is only a small start, but hopefully it will help researchers and practitioners crab-wise

sneak up on the issue of how to create better spaces in real situations to the benefit of users
and so society.
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