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Abstract: Buildings inevitably deteriorate with time. Schools buildings are no exception and require
refurbishment at times. Despite the UK Government announcing the £1 billion funding for rebuilding
50 schools over 10 years starting 2010–2021, it is common practice for builders and designers to,
upon completion of a building project, move on to the next development without considering
how the completed building performs. This research undertakes a post occupancy evaluation
(POE) of three schools in the West Midlands, UK with specific focus on building services, viz.,
heating, lighting, and air conditioning and ventilation. The research adopted a mixed philosophical
approach of interpretivism and post-positivism to conduct inductive reasoning. A questionnaire
that collected both quantitative and qualitative primary data was distributed to the end-users of the
schools. Data was analysed using the Cronbach’s alpha, one sample t-test and Kruskal–Wallis test
to identify any differences between the questionnaire responses. Findings revealed that building
users demanded greater control of the internal environment thus contradicting the current trend
for automated ‘intelligent systems’ approaches. This research represents the first work to consider
the contractor’s perspective towards developing a better understanding of client satisfaction with
the school buildings. Moreover, the POE result represents a notable pragmatic advancement to
knowledge that will influence the contractor’s knowledge and understanding of client satisfaction,
and where to improve upon these.

Keywords: building services; construction; POE; refurbishment; schools; soft landings

1. Introduction

The post-handover stage for construction projects is the most neglected stage of
construction [1]. This is because the handover process has not been revisited or modified
drastically over recent years [2]. After project completion, there will be little to no effort
made by the contractors or designers involved in the project, nor will they provide their
insights to the end-users at the handover or post-occupancy stages [1]. As there has been
no framework model introduced to ensure a collaborative and successful handover process
between end parties, the inaccuracies and inconsistencies in the handover documentation
have increased [3,4]. With the operational phase representing as much as 80 percent of
the total cost of ownership for large commercial buildings, how as-built information is
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delivered to the end-users can greatly affect the owner’s interests, which could consequently
reduce the cost of ownership over time [5].

‘Soft Landings’ is described by the Building Services Research and Information As-
sociation (BSRIA) as: “A building delivery process which runs through the project, from
inception to completion and beyond [6]”. The process includes a smooth three-year han-
dover to the building occupiers and post occupancy evaluation (POE) [7,8]. Using Soft
Landings, the client’s needs and requirements are clearly identified and guidelines are
provided for the operatives to follow, thus ensuring smooth operation. In addition, out-
standing issues obtained from POE feedback can be taken into account to prevent the same
issues from repeating in future projects [6].

POE is a systematic process that is aided by research, exploring human needs, building
performance, and facilities management (FM) [9,10]. POE methodologies have been widely
applied to commercial and residential buildings, such as hospitals and nursing homes [2].
POE is also an invaluable tool to decide if construction projects have addressed end-users’
needs, which include work performance, productivity and occupant performance [11].
Using questionnaires and interviews directed towards end-users, the POE process can
also be undertaken for educational facilities. This will lead to a prompt facility evalua-
tion, indicating positive issues as well as the negatives that impact the performance of
the facility [12].

There is evidence that a strong correlation exists between the indoor environmental
quality of the educational facilities and the performance of young students and teachers [13].
POE has been underused throughout the production and maintenance of secondary schools,
which can contribute to health implications such as depression, anxiety and underper-
formance for staff and students [2]. Despite being able to rectify building errors and
ensure end-user satisfaction, there is no legal provision for implementing the usage of
POE [14]. This is a major concern as there is continuous pressure from the government and
regulations on reducing educational expenditure. Through the use of POE, schools across
the UK can achieve cost savings, which could be used to enhance the day-to-day life of
facility inhabitants [11].

The UK Government recently announced the provision of £560 million to help re-
pair deteriorating schools [15]. A rebuilding programme of 50 schools over a period of
10 years will begin in year 2020/21, and this will be aided with £1 billion funding [16].
Notwithstanding this initiative, it is common practice for builders and designers to, upon
completion of a building project, move on to the next development without considering
how the completed building performs in use or fine-tuning the building for better perfor-
mance [1]. Therefore, this research aims to provide meaningful insights into building users’
perceptions of the internal environmental conditions of refurbished educational facilities.
In realising this aim, concomitant objectives are to: (1) augment building user satisfaction
with the building they occupy post construction (because inadequate learning environ-
ments can affect the wellbeing of both students and teachers that occupy the facility); and
(2) increasing client satisfaction with the contractor’s works to secure future contracts for
other new works; and (3) as a result of achieving point (2), mitigate the risk of developing
adversarial relationships developing between clients and contractors on future projects.

2. POE Process

The definition of POE has evolved over time since its initial introduction over 50 years
ago [17]. According to Preiser [18], POE allows “facility managers to identify and evaluate
critical aspects of building performance systematically” and it can be categorised into three
headings: indicative (involving quick, structured interviews and inspections), investigative
(operating the use of interviews and survey questionnaires), and diagnostic (gathering
sophisticated data over a period of months or years, gaining an insight of a wide range
of performance evaluation aspects). Hassanain et al. [19] considers that POE can be
categorised into two sections: technical performance and functional performance. Table 1
displays the differences between the two categories [20].
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Table 1. Differences between technical and functional performance.

Technical Performance: Description References Functional Performance Description References

Thermal comfort

Thermal comfort can be considered as,
“That condition of mind which expresses

satisfaction with the thermal
environment and is assessed by

subjective evaluation”.

[21–23] Space arrangement

Philips [24] states that, “The physical
structure of a classroom is a critical variable
in affecting student morale and learning”.

Allowing students to create an environment
can encourage their willingness to engage

and interact more in lessons.

[24]

Visual comfort

Visual comfort in schools enhances not
only health and wellbeing, but also

satisfaction and therefore learning and
visual performance.

[25,26] Life cycle cost

This includes focusing on the cost of
operating a facility, maintenance,

replacement and restoring assets within the
facilities. Ensuring the building is

functioning according to the specified
operable condition.

[27]

Fire safety

Fire safety can be considered as, “Simply
following the prescriptive code

requirements to those that are based on
fire safety analysis to obtain the required

level of fire safety for the occupants”.

[28] Aesthetic value

A recent study conducted by Chang and
Jaisook [24] showed that the aesthetic value

has an impact on students creative and
innovative behaviour.

[24]

Indoor air quality

Indoor air quality has gained attention
for improving the health, comfort, and

wellbeing of building occupants as poor
indoor air quality can be harmful to

children, young adults and those
suffering chronic respiratory and/or

cardiovascular diseases.

[21,22,29] Operational management

Operational/maintenance management
include functions that enable to transform

input. This includes capital, energy,
technology people and namely goods and
services. Can also cover user support in

order to provide quality services to enhance
end-user satisfaction.

[30]

Acoustical comfort

Investigations on students and adults
have found that children are more

impaired than adults by background
sounds in both speech perception and

listening comprehension.

[21,22,31] Amenity
This includes providing completeness and
adequacy of facilities alongside servicing

and equipment.
[32]
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On the contrary, Cooper [33] described POE as having at least three separate compo-
nents that interlink (Figure 1). Extant literature illustrates that POE developments have
occurred iteratively over time but its inherent objectives remain the same [34]. A common
focus is to achieve end-user satisfaction or optimise energy saving [13]. In order to guar-
antee POE success, it is essential that the end-users, project managers, and stakeholders
work in a collaborative manner. Otherwise, the benefits of POE will not become apparent
nor come of much significance. The feedback techniques involved in POE, which can be
used in different facilities, are plentiful. Bordass and Leaman [35] grouped them into five
categories—refer to Table 2.
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Table 2. POE feedback techniques.

POE Feedback Techniques Description References

Satisfaction Surveys
Surveys are used to access the end-users’ view of the functional and technical
performances of the facilities. Examples include utilising the BUS occupant

survey (UK), Overall Liking Scores and CIC design quality indicators.
[8,36]

Discussion

Discussion techniques involve organising interviews, brainstorming sessions
and workshops with end-users. This method is conducted mainly in order to

obtain an initial perception of the end-users of the building, in order to
develop the user satisfaction survey.

[12]

Process
Techniques are applied to the procurement process in order to integrate the
feedback in a logical manner. This can be achieved by the Building Research

Establishment checklist or through soft landings.
[37]

Packages
Examples include PROBE which incorporates qualitative and quantitative

data for surveys, interviews and walkthroughs. Likewise, AMA work ware
packages can be used which involves using an occupant survey.

[2,35]

Audit Qualitative technical assessments are applied such as the CIBSE TM22
energy assessment and reporting methodology. [37]

A study published by Li et al. [38] shows how many POE studies were conducted on
different building types. Some of these building types include: commercial, educational
(nursery, primary, secondary), residential (houses, apartments, flats), and transport (railway
and airport terminal) buildings. The purpose of conducting POE varies, dependent on
the building type [24]. POEs for educational facilities tend to focus primarily on the
efficiency of teaching activities; on the contrary, POEs for office buildings tend to involve
investigating occupants’ comfort and productivity [38]. The results obtained from this



Buildings 2021, 11, 169 5 of 15

research showed that out of the 146 POE projects studied, only 18 (12.33%) were related to
educational facilities. This is worrying as there are over 32,000 schools in the UK alone [39]
and, although nursery, primary and secondary schools have the same objective (educating
pupils as they mature), the characteristics, structures, layouts, and specifications of their
buildings differ tremendously.

3. Methodology

The overreaching epistemology adopted a mixed philosophical approach applying in-
terpretivism and postpositivism [40]. Interpretavism was used to examine extant literature
and identify the factors and variables that impact upon the phenomena under investigation.
Interpretavism has been used widely in POE literature—for example, Roberts et al. [20] and
Schweber [41] used this philosophical approach to investigate construction research, digital
construction and POE. Postpositivism was used to capture the axiological perceptions of
survey participants—both primary qualitive and quantitative data were collated using a
questionnaire data collection instrument [42]. Empirical analysis of questionnaire data is
ubiquitous within cotemporary construction management literature. Specifically, this ap-
proach has been used to: assess the policy provisions and institutional behavioural factors
influencing rail infrastructure financing in developing countries [43]; conduct gap theory
based post-occupancy evaluation (GTbPOE) of dormitory building performance [44,45];
and evaluate the challenges confronting smart city development in developing coun-
tries [46]. The research was also couched within inductive reasoning and a multiple case
study strategy to generate new insight and theory into school renovations and refurbish-
ments cf. [47]. The lead researcher was employed as a quantity surveyor within the main
contractor undertaking the refurbishment works and hence, participant action research
was also employed cf. [48]. Collectively, this body of knowledge underscores the appropri-
ateness of the proposed epistemological design developed for this current research.

3.1. Case Studies

Three secondary schools based in the west Midlands, UK were used as case studies
where teachers, caretakers, and teaching assistants formed the population of participants;
these individuals were deemed to have an intimate knowledge of the classroom environ-
ment and were selected using non-probability purposive sampling cf. [49]. The schools
were circa 20 years old and due for major refurbishment works hence, the current contract.
Each Head of School was contacted via email to seek informed consent to participate in the
research and assured that the research being conducted was in strict confidence and that no
personal data would be divulged or disseminated to any third party willingly cf. [50]. As
entry criteria, participants were required to have at least one-year service in the school to
ensure that they were familiar with the works reviewed. The value of the works was over
£100 million and the works were part of a repair and maintenance (R&M) contract over a
20 year period. For this research, the works were those mainly on lighting, heating and air
conditioning (ventilation) as these were the areas that had attracted the most challenging
comments historically from the school staff. The contractor was keen to improve client
satisfaction with these areas but first needed to understand more about the issues involved.

3.2. Questionnaire Surveys

A questionnaire survey was adopted for this research as it offers substantial benefits
over alternative data collection instruments (e.g., focus groups and interviews) such as:
speed and ease of administration; low cost; and potentially greater coverage of a popula-
tion [51]. They are considered to be a key component of any building performance [52].
Sanni-Anibire et al. [53] considers that in regard to POE, questionnaires play the most
significant role in determining whether or not the physical measurements, specifications
and technicalities of the facility leads to end-user satisfaction. The survey produced for this
research addresses a wide range of elements and performance qualities. These contribute
to the overall performance satisfaction for the occupier of the facility. In order for the
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participants to understand the purpose of the survey, the questions were presented in a
short and simple manner.

A mixed methods questionnaire data collection instrument developed consisted
of two sections. Section one contained closed ended questions using a Likert scale of
1 to 5 (1 = unsatisfied and 5 = very satisfied) for the three areas under investigation, viz.,
lighting, heating and air conditioning/ventilation. A five-point scale was adopted to
allow respondents to add a neutral response if they wished vis-à-vis forcing either a posi-
tive or negative response (as would be the case with a six-point scale). The overarching
ambition was to determine how satisfied participants were with these building services
and if satisfied, whether they were significantly satisfied at the p = 0.05 confidence level.
Such work could also determine the most important factors and variables in hierarchal
order. Section two then posed open response questions for participants to provide further
elucidation upon the rationale for their choices selected in section one. Such qualitative
discourse was invaluable in unveiling further insightful explanations and identifying areas
for future improvement and research. Approximately 180 staff were employed at the
three schools (an exact figure was difficult to determine due to peripatetic staff employed
periodically) and all were invited to complete the survey. A total of 45 responses were
returned, representing a 25% response rate—this modest figure was slightly hindered by
the COVID-19 global pandemic because many teachers were either furloughed and/or
working from home at the time of data collection. Excessive staff workloads to create
on-line teaching materials also hindered achieving a higher response rate.

4. Data Analysis

The study used Cronbach’s Alpha as a reliability measure to assess the average
inter-item covariance within the scale (internal consistency) used in the study instru-
ment. Cronbach’s Alpha is the most common reliability estimate in research specifi-
cally when examining issues related to scale reliability. The internal consistency analysis
of the overall construct (all the indicators combined) and the sub-constructs received
high reliability coefficient (Cronbach’s Alpha). Davidoff et al. [54] and Debrah et al. [55]
used the following indicators to interpret Cronbach Alpha coefficient values in surveys:
0.6—adequate/acceptable/marginal; 0.7—reasonable/preferable; 0.8—desirable/good;
and 0.9—excellent. According to Tavakol and Dennick [56], any Cronbach coefficient
value of 0.7 or above is considered good in research. The internal consistencies of the
responses from the research instrument were high and considered excellent, as shown in
Table 3.

Table 3. Reliability and validity statistics.

No. of Items Cronbach’s Alpha

All 14 0.987
Lighting 5 0.967
Heating 3 0.961

Air Conditioning and Ventilation 6 0.969

4.1. Determining Respondents’ Level of Satisfaction

The study used mean scores (mean ranking) and test statistics (one-sample—one
tailed) to measure the satisfaction level of the respondents. The mean scores were utilized
to rate the indicators of the three focuses in the study: lighting, heating, and air condi-
tioning and ventilation based on the Likert scale. The mean scores were used in ranking
the level of respondents’ satisfaction (descending order). The test statistics according to
Ahadzie et al. [57,58] sought to measure whether the observed mean score equals the
hypothesized mean (postulated). The hypothesized mean (or test statistic) was set to 3.5
as this is a useful benchmark to ensure that participants are satisfied; albeit some authors
set this criteria higher at 4 cf. [59]. As a result, the null hypothesis states that between the
observed mean and the hypothesized mean there is no statistical difference.
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The mean scores for respondents’ satisfaction with the natural day lighting within
the building, the quality of the artificial lighting in the building and the luminance within
the room were respectively 3.89 (SD = 0.959), 3.84 (SD = 0.878), and 3.78 (SD = 0.795).
These were ranked from first to third among the indicators of lighting. These indicators
were statistically significant, t-values were respectively 2.721, 2.632, and 2.345 > critical
value of 1.680 (p-values < 0.05). The question on how respondents were satisfied with the
positioning of the lighting objects within the building was scored 3.58 (ranked fourth),
indicating that the respondents were averagely satisfied. However, the test statistics
showed no significant satisfaction, t-value 0.643 < critical value of 1.680. The respondents
were not averagely satisfied with the ability to adjust the lighting in their teaching rooms:
mean score of 2.98 (SD = 1.033); t-value of −3.390 < 1.680 (Table 4). The result showed that
their level of satisfaction of the overall temperature of the building without heating was
averagely neutral, and they were neutral with the positioning of the heating equipment
(e.g., radiators) around the school and the amount of controllability they have in altering
the heating within the building/classroom. These indicators under heating facility were
statistically not significant: t-values below the critical value of 1.680 (p-values > 0.05).

Table 4. Mean (SD), mean rank, and test statistics (t-value = 3.5).

Mean Std. Dev. Rank t-Value Critical Value p-Value

Lighting -
How satisfied are you with the natural day

lighting within the building? 3.89 0.959 1 2.721 1.680 0.005

How satisfied are you with the quality of the
artificial lighting in the building? 3.84 0.878 2 2.632 1.680 0.006

How satisfied are you with the luminance
within the room? 3.78 0.795 3 2.345 1.680 0.012

Are you satisfied with the ability to adjust the
lighting in your teaching rooms? 2.98 1.033 5 −3.390 1.680 0.999

How satisfied are you with the positioning of
the lighting objects within the building? 3.58 0.812 4 0.643 1.680 0.262

Overall Score 3.61 0.846 0.899 1.680 0.187

Heating -
How satisfied are you with the overall

temperature of the building without heating? 2.82 1.072 2 −4.241 1.680 1.000

Are you satisfied with the positioning of the
heating equipment (e.g., radiators) around

the school?
3.04 0.976 1 −3.131 1.680 0.999

Are you satisfied with the amount of
controllability you have in altering the

heating within the building/classroom?
2.78 1.146 3 −4.228 1.680 1.000

Overall Score 2.88 1.028 −4.037 1.680 1.000

Air Conditioning and Ventilation -
How satisfied are you with the indoor air

quality of the building? 3.42 0.839 1 −3.630 1.680 1.000

Are you satisfied with the natural ventilation
around the building? 3.22 0.704 2 −5.854 1.680 1.000

Are you satisfied with the mechanical
ventilation around the building? 3.22 0.704 2 −3.821 1.680 1.000

How satisfied are you with the positioning of
the air conditioning in the classroom? 2.98 0.965 5 −2.649 1.680 0.994

Are you satisfied with the range of
temperatures the air conditioning provides? 2.98 0.917 4 −2.649 1.680 0.994

How satisfied are you with the controllability
of the air conditioning in the building? 2.6 1.031 6 −0.622 1.680 0.731

Overall Score 3.07 0.808 −3.565 1.680 1.000
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Items under “air conditioning and ventilation” were averagely scored as neutral.
From the results, the first-ranked, showing the most satisfied among the indicators of
air conditioning, was the indoor quality of the building, followed by natural ventilation
around the building and then mechanical ventilation around the building. The mean
scores for these indicators were 3.42 (SD = 0.839), 3.22 (SD = 0.704), and 3.22 (SD = 0.704)
respectively. The remaining indicators were averagely between mean scores of 2.60 to 2.98
(neutral). Generally, all the indicators were statistically not significant: t-values < 1.680
(p-values > 0.05); thus, the mean scores, below the hypothesized mean of 3.5, indicate that
the respondents were not satisfied about the air conditioning and ventilation services. Inter-
estingly standard deviations recorded were relatively high and indicated some variability
in responses recorded—such variability was indicative of individual perceptions that are
explored in further detail in the discussion section.

4.2. Measure of Variations in Respondents’ Level of Satisfaction (Kruskal–Wallis Test)

The variations in respondents’ level of satisfaction were measured using the non-
parametric test known as Kruskal–Wallis. The Kruskal–Wallis test evaluates the differences
between three or more independently sampled groups on a single, non-normally dis-
tributed continuous variable [60] as in this study. According to McKight and Najab [61], the
Kruskal–Wallis test, which is an extension of the two-group Mann–Whitney U (Wilcoxon
rank) test, is more suitable for non-normally distributed data (e.g., ordinal or rank data).
This model was chosen based on the non-normal distribution of the data and that there
were three groups for comparison: school 1, school 2, and school 3. It measured statistical
differences that existed in the respondents’ scores of their level of satisfaction to each of
the indicators under each focus of the study: lighting, heating, and air conditioning and
ventilation. The postulation of the model was that there was no significant difference in
the level of satisfaction, and the research hypothesis was that there was at least significant
difference between two of the groups in their level of satisfaction.

The results (Table 5) revealed that there were no significant differences in the levels of
satisfaction between the three schools. The chi-square values of the Kruskal–Wallis test
were less than 5.991—critical value (p-values > 0.05). This observation suggested that all the
respondents from the three groups had the same level of satisfaction of all the measurement
indicators. There were no significant differences among the respondents from the schools.

Table 5. Kruskal–Wallis Test statistics a,b of the three schools sampled.

Chi-Square df Critical Values p-Value Level of Sig.

Lighting
How satisfied are you with the natural day lighting within

the building? 0.701 2 5.991 0.704 NS

How satisfied are you with the quality of the artificial
lighting in the building? 0.095 2 5.991 0.953 NS

How satisfied are you with the luminance within the room? 0.044 2 5.991 0.978 NS
Are you satisfied with the ability to adjust the lighting in

your teaching rooms? 2.141 2 5.991 0.343 NS

How satisfied are you with the positioning of the lighting
objects within the building? 0.513 2 5.991 0.774 NS

Heating
How satisfied are you with the overall temperature of the

building without heating? 2.352 2 5.991 0.308 NS

Are you satisfied with the positioning of the heating
equipment (e.g., radiators) around the school? 3.344 2 5.991 0.188 NS

Are you satisfied with the amount of controllability you
have in altering the heating within the building/classroom? 0.899 2 5.991 0.638 NS
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Table 5. Cont.

Chi-Square df Critical Values p-Value Level of Sig.

Air Conditioning and Ventilation
How satisfied are you with the positioning of the air

conditioning in the classroom? 2.560 2 5.991 0.278 NS

How satisfied are you with the controllability of the air
conditioning in the building? 0.950 2 5.991 0.622 NS

Are you satisfied with the range of temperatures the air
conditioning provides? 3.343 2 5.991 0.188 NS

Are you satisfied with the natural ventilation around
the building? 2.850 2 5.991 0.240 NS

Are you satisfied with the mechanical ventilation around
the building? 2.850 2 5.991 0.240 NS

How satisfied are you with the indoor air quality of
the building? 0.800 2 5.991 0.670 NS

NS—Not significant. a. Kruskal Wallis Test & b. Grouping Variable: School.

5. Discussion

The foregoing statistical analysis results reveal that there were no significant differ-
ences between the three schools in terms of users’ perceptions of heating, lighting, and
air conditioning and ventilation following refurbishment works conducted. Hence, the
three schools can be discussed en-masse for each of the three types of building services and
overall, respondents were reasonably satisfied with their internal working environments
but not to a significant level (p = 0.05) for most questions posed. To probe deeper into
the reasons given by the respondents for their dissatisfaction with certain elements of the
internal school environments, a manual content analysis of qualitative responses to section
two of the questionnaire was undertaken.

5.1. Lighting

Overall, the survey participants indicated that the lighting within the building and
individual classrooms was satisfactory although there was some dissatisfaction with the
ability to adjust the lighting in their teaching rooms. The qualitative open response ques-
tions recorded 24 comments, which, after analysis, were found to be clustered into four
thematic groupings (in order of the frequency (f ) of comments made): (1) the need for
adjustable lighting (f = 15 or 62.5%); (2) occupants’ comfort and health (f = 4 or 16.67%);
(3) satisfied with current provisions (f = 3 or 12.50%); and (4) natural light preference
(f = 2 or 8.33%). Overwhelmingly, 62% of the comments recorded requested an ability to
adjust lighting to suit activities within the classroom—such as dim lighting for presenta-
tions and bright lighting for artwork. Typical verbatim comments included: “Lighting is
poor as there is no ability to turn certain ones off or dim the lights . . . ”; “Lighting within
the building is fine, would be ideal if the lighting level could be adjusted in the class-
rooms”; and “Lights are sensor controlled therefore, they can not be adjusted. Would help
if lighting could be dimmed/adjusted in the classrooms”. Four participants experienced
discomfort and health issues (e.g., “Feel like the lighting is giving me a headache as it is
to bright”) and perhaps these comments could also relate to the need to adjust lighting
by occupants [26,62]. Only three participants explicitly expressed views that they were
satisfied with the lighting arrangements and two stated that they preferred natural light
and offered solutions to enable this, viz., “A greater use of natural light could have been
made, sky lights on the upper floor”. An ability to adjust lighting to ensure occupant com-
fort, health and well-being is well established within extant literature, for example: Kim
et al. [63] examined interactive lighting systems in the workplace by reviewing energy and
occupant perspectives; and more recently Mansor and Sheau-Ting [64] reviewed the criteria
for occupant well-being using a qualitative study of Malaysian office buildings, where
lighting was considered under the area of occupant health. Concurring with this earlier
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research [65], the present study suggests that to obtain optimum building user satisfaction,
some element of controllable lighting is essential, particularly in teaching environments.

5.2. Heating

For heating, participants were averagely neutral and this finding was also reflected in the
qualitative responses recorded. The twenty six comments recorded for this part were themat-
ically grouped into four clusters: (1) the need for adjustable heating (f = 18 or 69.23%); (2) oc-
cupant comfort and health (f = 4 or 15.38%); (3) access to heating systems (f = 2 or 7.69%);
and (4) satisfied with current provisions (f = 2 or 7.69%). Akin to lighting, the occupants
overwhelmingly requested greater controllability of heating in the school and classrooms,
viz., “I have no control over the temperature in school facility and it is either too warm or
cold”; and “Being on the top floor of the building under floor heating is available however
the heating can range from being either to hot or cold. We have no direct control of the
heating of the classrooms within the building”. Interestingly, the global pandemic (where
the UK has experienced some of the highest death rates per capita cf. [66]) also played
an important part in securing occupant comfort, as one participant noted: “No control
of heating, just the ability to open windows. Due to the precautions (such as opening
windows to allow fresh air flow) that need to be put into place because of the pandemic,
the classrooms are too cold, usually are fine”. Occupants’ comfort and health again ranked
second in the highest number of attributable comments raised, viz., “There is no option
for changing temperature underfloor heating is ineffective, vastly varying temperatures
across the school” and “The heating takes a long time too [to] feel a noticeable difference”.
Only two participants expressed a level of satisfaction while two others raised concerns
about access to heating systems, viz., “Some of the radiators are behind fixed units which
is unreachable”. The notion of questionable thermal comfort has been raised by authors
such as Hawila et al. [67] whilst Wang et al. [68] raised the need for occupant controllability
of thermal heating within buildings to ensure thermal comfort.

5.3. Air Conditioning and Ventilation

Perceptions of air conditioning and ventilation were perhaps the most variable among
the sample respondents who gave averagely neutral responses. The 27 qualitative com-
ments given on this part were thematically grouped into four categories: (1) concerns
about an inadequate design (f = 9 or 33.33%); (2) the need for adjustable air conditioning
and ventilation (f = 6 or 22.22%); (3) lack of natural ventilation (f = 6 or 22.22%); and
(4) satisfied with current provisions (f = 6 or 22.22%). More than lighting or heating, this
category experienced the highest level of variability in responses and disagreement, less
emphasis on controllability, but far more concerns about a perceived inappropriate design.
For example, sample participant comments included: “This type of building is designed
for office use not ideal for educational needs” and “Underfloor heating zoning not very
efficient. Inability to alter the heating in the classrooms”. Closely related to design was
the need for natural ventilation (perhaps a need accentuated by the global pandemic?).
Participants stated, for example, “Sufficient number of windows around the school to open
for ventilation”; “New classrooms that have been added have very little ventilation and
1 of them have no windows”; and “It is difficult to ventilate some rooms due to windows
having locks on them”. Overall, the prevailing negative discourse creates a sense of a
hermitically sealed and claustrophobic indoor environment that prevents occupants from
adjusting or controlling air flow (natural or mechanical). This was perhaps exhibited best
by the comments: “The heating is controlled by an outside source, therefore there is little
to no control”. This comment suggests that the drive to automate the indoor environment
works on a one-shoe-fits-all basis and yet, people differ in body mass index, anthropometric
characteristics, behavioural patterns, etc. cf. [69] and so react very differently to the internal
environment particularly in terms of thermal comfort and/or the need for ventilation to
regulate this. In stark contrast, several responses claimed the complete opposite to the
larger body of comments recorded, viz., “Air conditioning units work well and ventilate
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well” and “Ventilation is well managed by site staff”—such polar opposite responses raise
further lines of enquiry.

5.4. Considerations, Implications, and Limitations

The prevailing body of knowledge points towards advanced digital technologies
embodied within the concept of Industry 4.0 cf. [70,71] coalescing to provide fully auto-
mated smart buildings and infrastructure cf. [59]. Yet, the findings of this current study
reveal that occupants of school buildings within the UK’s temperate climate resent the
trend for hermetically sealed and computer controlled internal environments cf. [72] in
favour for a more localised manual control over the building services. This could be due
to a disregard for current trends to automatically control the internal environment for
cost and environmental purposes but equally likely, it may be because different users
have different physiological needs [69]. Moreover, different areas of the building may
have very different educational needs [73,74]—for example, an art room requires more
natural light whilst a sports hall requires more ventilation. Such knowledge acquired from
this present study will help to mitigate the risk of developing adversarial relationships
developing between clients and contractors on future building projects by better meeting
clients’ needs and requirements. The key to achieving this ambition will be to ensure that a
feedback loop is built into the project procurement process to facilitate the development
of a knowledge empowered organization that learns from past projects to inform future
practice and developments.

Although beyond the scope of this present paper, it was also apparent that occupants
were semi-divorced from the design stage of the contract and perhaps greater involvement
could have allayed the concerns raised post occupancy. That said, such works come under
the control of the local authority jurisdiction and budgeted costs for refurbishment may
have been a prohibitive factor—perhaps the idiom ‘cut your cloth’ prevailed over decisions
regarding available finances for these three projects. Further work is required to explore
this phenomenon in greater detail by conducting cost-benefit analysis between greater
investment and higher occupant satisfaction. Such work could establish the intersect
between the point at which further financial investment produces minimal increases in
occupant satisfaction.

Admittedly, there are limitations of this work, including: a comparatively small
sample size; the limited number of environmental factors considered; the geographical
positioning of the case studies (i.e., West Midlands conurbation, UK); and the fact that the
work presented adopted a case study approach, even though it covered multiple cases.
Such limitations invariably restrict the inference and wider applicability and generalisation
of the findings but also raise some interesting lines of future research investigation. Such
work could include the aforementioned cost–benefit analysis and cover a wider body of
R&M and refurbishment projects.

6. Conclusions

POE affords an invaluable opportunity for members of the design and construction
team to review and assess the performance of a building from the client’s perspective.
Lessons learnt from this feedback-loop process should be utilised to improve the perfor-
mance of future designs but extant literature suggests that this is rarely the case cf. [75].
Research also demonstrates that comprehensive POE conducted on schools has received
scant academic attention and often occupants are semi-divorced from the design process
as ultimately the local authority acts as a client and budget holder. Such a procurement
arrangement may be leading to a less than desirable internal environment for school staff
who are ostensibly given a finished product vis-à-vis actively engaged in its development
or adequately experienced enough to inform the design and construction process. Overall,
for the three schools reviewed, a general sense of satisfaction was observed (despite the
negative comments raised) but that with more exhaustive thought and planning at the
design stage, a greater sense of occupant satisfaction could have been secured. This has
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obvious financial ramifications for the contractor winning future tenders and securing
organisational profitability moving forwards—often future customers simply switch to
sourcing alternative suppliers if they become dissatisfied [76]. This potential loss of future
business is difficult to quantify but may be substantial.

Strong resistance to automated systems of internal environmental control were also
observed and reported upon, which runs contrary to the prevailing academic enthusiasm
for ‘all things digital’ within contemporary construction and civil engineering management
literature. Occupants wanted greater control over the internal environment to reflect the
various activities and tasks performed on a daily basis as well as adjust the personal
preference needs and/or in some instances, the feeling of ill-health. This was apparent
for all three areas analysed, viz., heating, lighting, and air conditioning and ventilation.
This raises some interesting observations about how far humanity should embrace the
digital revolution to create a fully-automated cyber physical system. This (in many ways)
rhetorical question concurs with the earlier work of Edwards et al. [77] who stated that
“mankind must hence assert domic and not become its slave”.

Several limitations of the work were also apparent. For example, the small sample size,
the lack of generalisation associated with case study research and the number of factors
considered. That said, the work provides a benchmark upon which future work could be
based to improve the internal environment for schools. By improving the experience of
teaching and learning in the classroom, concomitant improvements in student satisfaction
and attainment are envisaged, augmenting future business prospects of all stakeholders
involved in the design and construction works.
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