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Methodology — In a case study design, the actual IEQ of 34 classrooms which are spread over four
school buildings in North Netherlands and 276 related student perceptions were collected. The
measurements consisted of in situ physical measurements. At the same moment the perceived indoor
environmental quality (PIEQ) and the perceived quality of learning (PQL) of students were measured
with a questionnaire.

Results — Observed are high carbon dioxide concentrations and high background noise levels. A relation
was observed between perceived acoustic and visual conditions, IAQ, and the PQL indicating that a poor
IEQ affects the PQL. A linear regression analyses showed that in this study the perceived impact on the
quality of learning was mainly caused by perceived acoustic comfort.

Originality — With the applied innovative measuring instrument it is possible to measure both the actual
IEQ as well as the PIEQ and PQL. This method can also be used to assess a reference and intervention
condition.

Practical or social implications — The applied measuring instrument provides school management with
information about the effectiveness of improved IEQ and students’ satisfaction, which can be the basis
for further improvement.

Type of paper — Research paper.
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INTRODUCTION

This study explores the influence of classrooms’ indoor environmental quality (IEQ) on the perceived
quality of learning of users in higher education. In total, four factors, e.g. academic environment, learning
community, safety, and institutional environment influence the educational outcomes of students and
is often referred to as the school climate (Wang & Degol, 2016). The quality of learning, which is part of
the schools’ institutional environment, can influence students’ educational outcomes positively. General
environmental psychology literature teaches us that teachers and students respond to the experienced
IEQ in a cognitive, emotional, and physiological way, which might differ from person to person (Bitner,
1992). This behaviour determines — partly - the extent of interactions between teacher and student
which influences educational outcomes, i.e. the quality of learning. In this study, the possible influence
of the actual IEQ and the perceived indoor environmental quality (PIEQ) on the perceived quality of
learning (PQL) was examined.
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This study focusses on the IEQ, which is a system of the indoor air quality (IAQ) and thermal, lighting,
and acoustic conditions (Frontczak & Wargocki, 2011). Mendell and Heath (2005) relate a poor IEQ to
discomfort and distraction, which can impair the performance of students. One of the main causes
of impaired performance among children are the poor acoustical conditions and there is an urgent
need for acoustical measures in schools (Bluyssen, Zhang, Kurvers, Overtoom, & Ortiz-Sanchez, 2018). A
comfortable and healthy IEQin classrooms can also potentially influence teaching and learning positively
(Dawson & Parker, 1998), which in turn increases the likelihood of a better academic achievement of
students. Therefore, it is assumed that when students feel comfortable, they perform cognitively better
(Xiong et al., 2018). Human cognitive reactions can be measured with the use of questionnaires and
these reactions can illuminate the perceived quality of learning of students in higher education (Ashrafi
& Naeini, 2016; Mongkolsawat, Marmot, & Ucci, 2014).

STUDY DESIGN, PARTICIPANTS, PROCEDURES AND ANALYSES

In this case study, we analysed the influence of the actual IEQ in classrooms for higher education.
These classrooms are located in four school buildings in the Northern part of the Netherlands. With
the use of a self-composed questionnaire, students’ perceptions were measured. The in-class physical
measurements consisted of air temperature, relative humidity, carbon dioxide concentration, ambient
sound pressure (at moment when the teachers speak and when they were quit), and illuminance level.
Appendix 1 presents the measured physical indoor environmental parameters, the applied measuring
equipment and the accuracy of this equipment. The personal characteristics and the perceived 1AQ,
thermal, acoustic and visual comfort, and the PQL was collected with a self-composed questionnaire.
For this questionnaire we used relevant publications (Mongkolsawat et al., 2014; Gentile, Goven, Laike,
& Sjoberg, 2018; Corgnati, Filippi, & Viazzo, 2007; Choi, Shin, Kim, Chung, & Suk, 2019). On forehand,
we analysed the face and content validity of all selected statements for the PIEQ. Therefore, experts
of The Hague University of Applied Sciences (UAS), DGMR Advisors for Construction, Industry, Traffic
and Environment and Nijeboer-Hage Technical Advisors assessed all statements. Appendix 2 shows the
statements which were analysed by the experts, the advice given, and which statements were used to
determine the PIEQ. In addition, we translated all statements into Dutch and this translation has been
modified by a bilingual expert. In addition, we set up an online survey tool (Enalyzer) which allowed
respondents to fill in the bilingual questionnaire, with the use of a device. All the statements were
evaluated on a 5-point-Likert scale ranging from strongly disagree, disagree, neutral, agree and strongly
agree. Before the start of the observed lecture, first year students of the School of Facility Management
of the Hanze University of Applied Sciences (UAS) were carefully instructed how to perform the physical
measurements. A senior researcher of the Hanze UAS supervised these students during the in-class
measurements.

In February and March 2020, 34 classrooms were examined by 159 first year students. The classrooms
differed in size and capacity and varied from 35 to 118 persons. The Facility Management Department
of the Hanze UAS informed all involved teachers on forehand about the research, the participation of
the first-year students during the lecture, and the importance to collaborate in this study. No teacher
has objected to the research, in a few cases the observation schedule was slightly adjusted to fit in to
the time schedule of the teacher.

Multiple physical measurements were performed in a classroom at different positions, e.g. at the front,
in the middle and at the back. These measurements were performed on three moments during the
lecture, at the beginning of the lecture, after 20 minutes, and after 40 minutes after the start of the
lecture. For this study, we used the physical measurements which were collected after about 40 minutes.
After approximately 45 minutes from the start of the lecture, the first-year students asked all students
present if they want to participate in the study. We have chosen for a period of 45 minutes because
after 45 minutes normally there is a break, or the lecture is finished, and this period is long enough for
thermal adaptation (Mishra, Derks, Kooi, Loomans, M G L C, & Kort, 2017).

After data collection, we exported the data from the survey tool into SPSS. Furthermore, we recoded
all negative formulated statements and performed a Cronbach’s alpha analyses to assess the internal
validity of the statements addressing the perceived perceived IAQ (PIAQ), thermal comfort (PTC), acoustic
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comfort (PAC), visual comfort (PVC), and PQL. In addition, average scores of the physical measurements,
observed by a minimum of two and a maximum of four first year students, of a classroom were calculated
and combined with the data of perceived comfort and PQL. Finally, we analysed correlations between
the perception scales and the physical measurements and between the perceptions scales using the
Pearson correlation coefficient. To determine the contribution of all indoor environmental factors to
the PQL, we performed a multiple linear regression analysis. All statistical analyses were performed with
IBM SPSS Statistics version 23.

RESULTS

Responses of 276 students were collected, who collaborated voluntarily in this study. The response rate
was 37%. The mean age of the respondents was 22.2 years (SD 6.8 years) of which 50.4% was male. The
Cronbach’s Alpha analyses of all perception scales showed that all statements for perceived comfort
and quality of learning, contributed to the reliability of the scales, except for one statement which
addressed thermal comfort and was removed from the results. Appendix 2 shows the statements and
the Cronbach’s Alpha of the composed scales. The alpha value for the perception scales ranged from
0.73 to 0.88, showing that these scales have considerable reliability; therefore, we used the average
perception scores of the five categories for further analyses. The highest perception score was for the
PVC with an average score of 3.7 (scale from 1 to 5). The perception score of the PIAQ was rated the
lowest with a score of 2.9. All observed indoor environmental parameters were within acceptable limits
(NEN-EN 16798, 2019) except for the concentration carbon dioxide in ambient air and the average
background noise level. The observed average air temperature at desk height of 22.2 °C and at floor
height of 22.1 °C indicate that no vertical air temperature difference was observed. Furthermore, we
analysed possible correlations between all measured IEQ parameters and perception scores. Table
1 presents all average perception scores, physical measurements and relevant Pearson’s correlation

coefficients.
Table 1 Actual IEQ scores, PIEQ scores and correlations.
Pearson correlation

Mean SD PIAQ PTC PAC PVC PQL
Perceived indoor air quality PIAQ 2.9% 9 n/a -166™ 206" - 1817
Perceived thermal comfort PTC 3.3? 9 -.166" n/a - - 102
Perceived acoustic comfort PAC 3.6¢ .9 206" - n/a - .306™
Perceived visual comfort PVC 3.7t 7 - - - n/a .229™
Perceived quality of learning PQL  3.5% 8 1817 102 306 229" n/a
Outdoor air temperature T 5.2 2.4 - 1657 - - -
Outdoor relative humidity RH, 80.7 120 - - - - -
Indoor.a|r temperature at desk- T 272 27 186" 149" - ) 062
top height a
Indoor air temperature at floor A 291 )3 165 166" - ) 091
height a
Indoor relative humidity RH, 39.8 5.8 -152° -.028 - - .008
Carbon dioxide concentration Co, 1219.7 4546 -027 .105 - - 144”
Sound pressure level when SpL 591 110 - i 066 - 043
teacher speaks
Background noise when teacher BGN 414 136 - i 009 - 021

is not speaking
Ambient illuminance E 673.2 379.4 - - - .042 -.038

amb
"p< 0.057p< 0.017"p< 0.001;-no relation was expected; ! Score is between 1 (very poor) to 5 (very
good); 2Score is between 1 (very cold) to 5 (very warm)
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In addition, we performed a multiple linear regression analyses to determine the influence of all
perception scales, as independent variables, on the perceived quality of learning, as dependent variable.
When the PQL was predicted it was found that PAC (Beta = 0.237, p < .0001) was the only significant
predictor. The overall model fit was R"2 =0.12.

DISCUSSION AND CONCLUSION

The observed CO, concentrations, with an average well above the threshold of 1200* ppm for classrooms
(NEN-EN 16798, 2019) were high, indicating that the IAQ in the observed classrooms was poor. Although
previous findings (Brink, Mobach, Loomans, & Kort, 2019) showed significant relations between CO,
concentration and PIAQ, the current results do not confirm this relation, possible because not enough
cases with good IAQ was observed. The average observed indoor air temperature of 22.2°Cis acceptable
for most of the students, with an average perception score of 3.3, which is close to the neutral score of
3.0. This might explain that no relation was observed between PTC and PQL, although thermal comfort
can potentially affect PQL negatively (Hoque & Weil, 2016). All other indoor environmental perception
scores correlated with the PQL score, meaning that when the indoor environment factor was rated
higher, also the PQL was higher. However, regression analyses showed that only the contribution of
the perceived acoustic conditions was significant. The observed average background noise level of
41.4 dB(A) is high and might affect the speech intelligibility, which can influence the ability to hear
the teachers voice negatively (Markides, 1989). Increased background noise, caused by i.e. ventilation
systems in classrooms or students talking to each other, can affect students’ mental and physical health
negatively (Bluyssen et al., 2018; Persinger, Tiller, & Koren, 1999). Based on these findings we conclude
that reducing background noise levels and reduced noise from other students can improve the acoustic
comfort of students in classrooms significantly and will improve the perceived learning quality during
lecture. Therefore, we advise school- and facility management to create an acoustic environment with
background noise levels below 34 dB(A) (Cat. Il EN 16798, 2019), in which students can concentrate well
and are not distracted. Teachers can also contribute to improved acoustic conditions when they address
students who talk to each other during lecture about their undesirable behaviour.

! The average observed outdoor concentration was 400 ppm.
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Deltapremie

The ‘Deltapremie’ or Delta Prize is a new leading research prize in the
Netherlands focusing on practice-oriented research by professors. The
prize is developed for professors who have managed to repeatedly make a
special difference with the social impact of their research over the years.
It shows where practice and research can come together in an innovative
way. Practice-oriented research has acquired a solid place in Dutch
society. Almost 700 professors and more than 3,000 teacher-researchers
are currently involved. The starting point of the research is always to find
solutions for practice-based problems, also by partnering with practice. DELTAPREMIE
In this way, practice-oriented research provides applicable solutions to

societal challenges.

An independent selection committee selected the winners. The committee consisted of six experts
from Erasmus University Rotterdam, Innofest, Delft University of Technology, Netherlands Study Centre
for Technology Trends, and the Association of Netherlands Municipalities. In the report the selection
committee tributes Mark Mobach and his research group for the impact that they have on the crossroads
of various domains from public transport to mental health. Mobach: “We see the prize as enormous
encouragement to continue our research into space and organisation in healthcare, education, offices,
and cities together with our partners. We extend our research to areas where there are perhaps fewer
financial possibilities, such as research with the arts and frailty.”

Research focus area

With his research group, Prof. Mobach wants to contribute to the best buildings for people and
organisations. He does so by devising better space and services in a multidisciplinary setting together
with students, lecturer-researchers, Ph.D.-students, and postdocs. Better spaces and services for
education, offices, and even cities that stimulate healthy behaviour, better healthcare buildings that
reduce stress, but also prisons and stations that better meet the needs of society.
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