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The purpose of this study was to investigate the relationship between indoor environmental quality
(IEQ) in a set of university classrooms and students’ outcomes, i.e., satisfaction with IEQ, perceived
learning, and course satisfaction. Data collected from students (N = 631) of University of Minnesota
were analyzed to test a hypothesized conceptual model by conducting a path analysis. Findings
suggested that IEQ of the classrooms, such as thermal conditions, indoor air quality, acoustic
conditions, lighting conditions, furnishings, aesthetics, technology, and view conditions, was
associated with positive student outcomes. Implications for classroom design were discussed with

suggestions for future research.

Introduction

The purpose of this study was to investigate the
relationship between indoor environmental quality (IEQ) in
a set of university classrooms and students’ outcomes, i.e.,
their satisfaction with IEQ, their perception of the effect of
IEQ on learning, and, subsequently, their course
satisfaction. Many researchers have found that IEQ affects
people’s performance whether they are in work, home, or
learning environments. This can be true for schools where it
has been found that poor indoor environments may reduce
students” performance (Fisk, 2000; Mendell et al., 2002). It is
important to study IEQ of schools because of the age of the
buildings, that they house vulnerable people, i.e., students
and children, and that historically their construction,
maintenance, and renovation are underfunded (U.S.
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General Accounting Office, 1995). Especially, when
considering that students spend more time in the
classrooms than in any other interior environments of
schools for academic achievement, IEQ of the classroom
can directly influence student outcomes, such as
satisfaction and learning.

In this study, a conceptual model representing various
IEQ criteria associated with physical environments of
classrooms was developed and tested for their relationships
to college students’ satisfaction with their learning
environments and courses as well as their perceived
learning.

In so doing, a path analysis was conducted to
simultaneously investigate structural relationships among
variables, which can deepen our understanding of
designed environments and human outcomes. Because
there are many variables that may be interdependent, it
was important to develop a conceptual model based on
theoretical propositions and empirical evidence. By
incorporating new insights and methodological advances
in research, this study can contribute to the current
literature on the effect of classroom design on students’
satisfaction and learning. The remainder of this paper is
structured as follows. First, relevant literature is
comprehensively reviewed and then the conceptual
model and the related research hypotheses are presented.
Subsequently, the applied research methodology and the
results are discussed. Finally, important implications for
educators and design practitioners and directions for
future research are provided.
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CLASSROOM ENVIRONMENTS AND STUDENT OUTCOMES

Literature Review

Background

IEQ has been found to both support and hinder
people’s comfort, performance, and satisfaction with their
physical environments and, therefore, can contribute to
environmental and economic goals for sustainable
building. Appropriate indoor environmental qualities of
air, temperature, sound, light, visible and physical space,
and occupants' ability to personally control these are the
building's contributions to the biological bases of
occupant comfort, health, and well-being (Buildings,
Benchmarks, and Beyond- Minnesota Sustainable
Building Guidelines (B3-MSBG), 2012). The effect of IEQ
on people has become a significant research issue with the
advent of sustainable design guidelines such as LEED™
(Leadership in Energy and Environmental Design) or the
B3-MSBG, which call for architects, engineers, and
interior designers to meet specific IEQ standards in the
interiors of the buildings they design. One way to
determine if designing to meet IEQ standards is
successful is by conducting a post-occupancy evaluation
(POE) about one year after the sustainable building is
occupied. In schools, this would be an evaluation of
students’ opinions and perceptions of the influence the
interior environment has on their learning and how it is
related to their satisfaction with the classroom and,
perhaps, even satisfaction with their courses.

The issue with schools is that they are historically
poorly funded, which means they may be underfunded in
the initial building design stage and often go without
proper maintenance or repair. These design, maintenance,
and operations issues may lead to indoor environments
where the IEQ is hazardous to students’” health and can be
related to students’ poor health, attendance, and
performance. Almost 20 years ago, the U.S. General
Accounting Office (1995) reported that 63% of US
students attended schools with dissatisfactory indoor
environments, that is, they are in need of repair or
renovation, or contaminants are present. They also
reported that nearly 14 million students learn in spaces
that are below standard or dangerous. Additionally, these
figures were related to physical deterioration of the
spaces and did not include specific IEQ criteria, which
were just being uncovered at that time. Although much
has been done in the last 20 years to improve schools’
indoor environments, they are still vulnerable to
underfunding, overuse, and lack of research investigating
the effect of IEQ criteria, which could affect building and
renovation budgets.

Data about student outcomes in elementary and
secondary schools are more readily available than data
related to college students, and few studies have been
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completed on various IEQ criteria of college classrooms.
The need to maximize college students’ academic
achievement through their increased satisfaction and
improved learning is a vested interest of administrators
establish credibility  or
accreditation and must prepare young professionals for a
knowledge-based workforce. Further, students themselves
need to maximize their learning as they prepare to seek
positions in a competitive job market (Duque & Weeks,
2010; Roberts, 2009). Therefore, it is important to
determine if there is any relationship between college
students’” outcomes and classroom IEQ. Researchers
havelooked at various drivers in this equation by
studying faculty perceptions of student learning (Duyar,
2010; Earthman & Lemasters, 2009; Kelting & Montoya,
2011), the relationship between attendance and
performance (Mendell & Heath, 2005), the influence of
school climate (Duyar, 2010; Uline & Tschannen-Moran,
2008), and instructional delivery methods (Brookhart,
1999; Terenzini, Cabrera, Colbeck, Parente, & Bjorklund,
2001).

However, the issue of linking students’ satisfaction and
learning to classroom’s physical environment has been
investigated on a limited basis. Several studies linked the
physical environment of the classroom setting to students’
attendance and students’ learning (Daisey, Angell, &
Apte, 2003; Mendell & Heath, 2005; Schneider, 2002;
Tanner, 2009). Strange and Banning (2001) cited research

who must institutional

that links improved classroom attractiveness and lighting
to students’” improved motivation and task performance.
Graetz and Goliber (2002) summarized research that
linked lighting to psychological arousal, overheated
spaces to hostility, and density with low student
achievement. None of these
comprehensively investigate the relationships between
various IEQ criteria typically associated with the physical
environment and student outcomes. A closer look at
several of IEQ criteria provides an overview of the
relationships involved.

studies, however,

IEQ of the Classroom Environment and Student
Outcomes

IEQ criteria of the built environment are typically
evaluated in various combinations using different
addressing  different
characteristics associated with wuser outcomes, e.g.,

environmental features and
satisfaction, performance, achievement, absenteeism,
health, and comfort. In the early 1980’s, indoor air
quality (IAQ) emerged as a substantial focus in the
literature when the World Health Organization (WHO)
(1986) reported that up to 30% of the new and remodeled
buildings across the world had received excessive
complaints concerning IAQ. Subsequently, IAQ was
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associated with sick building syndrome (SBS), which was
related to occupant exposure or time spent in a building.
IAQ was also linked to building related illness (BRI),
which was diagnosed as illnesses identified directly with
airborne building containments (EPA, 1991).

Not surprisingly, national statistics prior to 2000
revealed that over 43% of the U.S. schools had reported
problems with TAQ (Kelting & Montoya, 2011; National
Center for Educational Statistics, 2000). IAQ, ventilation,

and CO’ ratings in schools provided concern for health
issues related to respiratory illness (asthma), chemical
sensitivities, volatile organic compounds, and biological
pathogens (Daisey et al., 2003). More specifically, early
studies found temperature control (including air
conditioning) and air quality as significant IEQ features
that contributed most to student learning performance
(Cash, 1993; Earthman, 2004). Mendell and Heath (2005)
found the evidence that there were direct or indirect
connections of indoor pollutants (biological, chemical, or
particulate thermal  conditions
(temperature and humidity) to student performance and
absenteeism in school environments. Given the overriding
concern for health and performance issues, there was a
greater amount of research that focused on IAQ and

thermal and ventilation conditions than on other IEQ

pollutants)  and

criteria.

Lighting conditions have long been an important IEQ
criterion in the built environment as it includes both
electric and daylight sources and ambient and task uses.
Each one of these elements has a unique role in assessing
user experiences within the built environment. Exposure
to various types of light can be associated with
physiological responses in human performance, and
daylight from windows can provide both visual lighting
and an opportunity for a view to the outside or natural
environment, which have also been found to positively
influence human behavior. Studies conducted in
elementary school settings found a positive and
significant correlation between the presence of daylight
and student performances across three different school
districts (Heschong Mahone Group, 1999). In addition,
daylighting provided through skylights also provides a
positive effect on students in their classrooms. Subsequent
studies involving classrooms with greater amounts of
daylighting compared to classrooms with the least
amount of daylighting showed a 21% increase in student
performance (Heschong Mahone Group, 2003; Kelting &
Montoya, 2011). Similarly, electric lighting has long been
found to improve test scores, reduce off-task behavior,
and plays a role in student achievement (Jago & Tanner,
1999).

Studies involving acoustics have looked at different
aspects of the classroom environment, e.g., the presence

Journal of Learning Spaces, 2(2), 2013-14.

of unwanted noise and types of indoor finishes such as
hard surface and soft surface floorcovering, to better
understand the relationship between acoustic conditions
and student learning performance (Earthman, 2004;
Tanner & Langford, 2003; Uline & Tschannen-Moran,
2008). Learning performance is understandably improved
when discussions between students and instructors can
be easily heard and clearly distinguished from outside
influences. Research examining acoustic conditions in
located near noisy vehicular traffic,
community noises, and in rooms without any acoustic

classrooms

treatment have shown decreased student performance
when compared with classroom settings located in quiet
neighborhoods or with noise abatement treatment, e.g.,
rubber floor mats, acoustical tiles, etc., included in the
classroom (Earthman, 2004, Uline & Tschannen-Moran,
2008). Lastly, schools with soft floorcovering such as
carpet found student achievement higher in those
rooms than in those classrooms with hard surface
flooring. In addition, there was a preference by the
instructors to teach in classrooms with carpeting due to
improved acoustical conditions and lower reverberation
times (Tanner & Langford, 2003).

Classroom furniture plays a strategic role in addressing
different learning styles and pedagogical delivery
methods. New insights into how students learn and the
various methods to enhance this opportunity are
changing how furniture serves the learning experience
(Felix &  Brown, 2011).
requirements have become integrated into many seating,
table, and presentation furniture

items used classroom environments today. Furniture
that is flexible and adjustable to the mode of teaching also

Moreover, technology

contributes to supportive learning spaces (Brown &
Lippincott, 2003). Assuming a human-factors or user-
centered design approach, Cornell (2002) identified four
important criteria that can be used in the assessment of
learning experience in the classroom environment: 1)
functionality (wire management, flexibility, and mobility);
2) comfort, safety, and health (not harmful); 3) usability
(easy to use, with little or no training, prevent accidents,
and optimize use); and 4) aesthetics (a design that is
pleasing or acceptable for future use). The concern for
ergonomics cannot be understated when one considers
the amount of time that is spent in seated positions
throughout the day (Castellucci, Arezes, & Viviani, 2010;
Chung &Wong, 2007; Milanese & Grimmer, 2004).
Discussions involving aesthetics frequently invoke
images of attributes such as color, materials, ambiance,
and cleanliness. In research regarding IEQ and student
learning, the concept of aesthetics is more often associated
with building age, features, condition, cleanliness, and
overall image. Earthman (2004) found that school
environments that are considered newer or adequately
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maintained reflect higher learning achievements among
students than those settings where facilities were
considered inadequate. In a somewhat related case study,
student test scores from students in a remodeled school
environment were found to be noticeably higher after the
remodel (Baker & Bernstein, 2012).

Additional criteria related to student learning outcomes
include classroom layout and availability of technology
(Lei, 2010). Many studies in the last 10 years have shown
that school design and layout, including spatial
configuration, affect students’ learning (Schneider, 2002).
Use of technology in the classroom for teaching and
learning as well as students’” ability to see the instructor
and teaching materials, i.e., the visual images shown on a
screen, seem to be obviously related to student learning
performance and satisfaction with the physical
environment as well as, perhaps, the course.

It can be seen from the previous research that many
IEQ criteria of the classroom environment seem to be
related to student outcomes. The need for continued
research on ways to improve student satisfaction and
learning has become more imperative as demands for
increased performance, efficiency, and a tightening
economy exert pressure on higher education faculty and
administrators. Concerns for educational and sustainable
performance have also risen because of ongoing
legislation issues, e.g., state-assisted institutions of higher
education are faced with dwindling legislative financial
support. In addition, post-occupancy evaluation studies
have been a method by which researchers have
investigated = occupants’
performance, and health issues related to various IEQ
criteria in high school education environments (Khalil,
Husin, Wahab, Kamal, & Mahat, 2011). Therefore, it is
appropriate to continue the use of POEs in higher
education classrooms to determine the influence of IEQ
on college students’ satisfaction and learning.

Further, although this literature review is not
exhaustive, it is important to note that not all IEQ criteria
were equally represented in research studies, yet any one
or combination of IEQ criteria could be reasoned to
enhance or hinder students’ learning process as well as
their satisfaction. Additionally, research has demonstrated
that occupants’ satisfaction with one or more IEQ criteria
did not necessarily reflect satisfaction with the overall
environment (Humphreys, 2005; Khalil et al., 2011).
Therefore, it is important to study the IEQ of classrooms
in a comprehensive way that includes all IEQ criteria so
that the contribution of each, any, or all criteria can be
determined, as well as the interaction effect. This study
then used a theoretical framework to investigate the
influence of various IEQ criteria on students’ satisfaction
and learning.

self-reported  satisfaction,
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Theoretical Background

This study integrated a number of streams of research
to develop and test a model delineating the impact of IEQ
on student outcomes. The basic idea behind our
conceptual model, depicted in Figure 1, is consistent with
the work of Mehrabian and Russell (1974) who
recognized that environmental stimuli affect human
responses. Our model also reflects more recent
advancements in classroom environment research
highlighting that:

a) “....the (classroom) environment should be a place
people want to be, not a place they have to be.

They should be motivated by fun and enjoyment as
much as by a desire to learn....” (Cornell, 2002, p. 41);
b) classroom environment research should embrace the
issue of how to use technology effectively to support
and enhance the academic performance of today’s
learners (Cradler, McNabb, Freeman, & Burchett, 2002);
c) the condition of the classroom may cause morale
problems with classroom users (Earthman & Lemasters,
2009); and

d) generic design criteria can form the basis for
benchmarking classroom facility performance (Fleming
& Storr, 1999).

Specific hypotheses tested in this study were:

Hypothesis 1: A higher level of student satisfaction with
each of the following classroom IEQ criteria leads to a
higher level of student satisfaction with the overall IEQ of
the classroom: (a) Thermal Conditions, (b) Indoor Air
Quality, (c) Acoustic Conditions, (d) Lighting Conditions,
(e) Furnishings, (f) Aesthetics, (g) Technology, (h)
Vibration Conditions, and (i) View Conditions.

Hypothesis 2: A higher level of student satisfaction with
each of the following classroom IEQ criteria leads to a
higher level of perceived effect of IEQ on learning: (a)
Thermal Conditions, (b) Indoor Air Quality, (c) Acoustic
Conditions, (d) Lighting Conditions, (e) Furnishings, (f)
Aesthetics, (g) Technology, (h) Vibration Conditions, and
(i) View Conditions.

Hypothesis 3: A higher level of student satisfaction with
the overall IEQ of the classroom leads to a higher level of
perceived effect of IEQ on learning.

Hypothesis 4: A higher level of student satisfaction with
the overall IEQ of the classroom leads to a higher level of
student course satisfaction. That is, student satisfaction
with the overall IEQ of the classroom directly affects
course satisfaction.
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Hypothesis 5: Perceived effect of IEQ on learning
partially mediates the relationship between student
satisfaction with the overall IEQ of the classroom and
course satisfaction.

Hypothesis 6: A higher level of perceived effect of IEQ

on learning leads to a higher level of student course
satisfaction.

Satisfaction with

MSBG in 2008. It included four 124-seat classrooms and
five 75-seat classrooms. All classrooms had similar
physical environmental features such as recycled low-
emitting materials; windows with blinds to control the
sunlight and minimize glare as well as to reduce exterior
environmental noise level; doors to minimize noise
transmitted from corridors into classrooms; the latest
presentation technology with wireless access and dual
projections for students” engagement in presentation

IEQ criteria L’ Ovc'erall IFQ
Satisfaction Ha4
* Thermal conditions
* Indoor Air Quality
* Acoustic conditions H5 Course Satisfaction
+ Lighting conditions
* Furnishings
» Aesthetics H6
* Technology H2 Perceived Effect of
« Vibration conditions IEQ on Learning
* View conditions
Figure 1. The hypothesized conceptual model
Variables Measure Frequency Percentage
Classroom 124-seat classroom 371 58.8
72-seat classroom 260 41.2
Age 18-24 490 77.9
25-34 113 18.0
35-44 22 35
45-54 4 .6
Gender Male 288 459
Female 340 54.1
Hours spent in the 1-2 67 10.7
classroom per week 3-4 484 76.9
over 5 78 12.4

Table 1. Demographic information

Methods

Settings and Participants

The settings of this study were general classrooms of a
single building in a major Midwestern university. This
building was a 132,000 square foot, four-story classroom-
office building designed and constructed based on the B3-
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materials and interaction with instructors; tiered seating
with fixed bench tables and moveable chairs; light
reflective ceiling finishes; floor coverings that reduce
unwanted noise transmission; aesthetically pleasing color
and interior finishes; and occupant-controlled overhead
lighting (see Figures 2, 3, and 4).

Participants were students who took classes in these
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classrooms. The researchers sent an email invitation to
5,490 students to complete the online survey. The survey
was completed by 631 students for a response rate of
11.5%. As shown in Table 1, there was no big difference
in percentage between male (45.9%) and female (54.1%)
students, and between students who took classes in each
type of classrooms (58.8% students wused 124-seat
classrooms; 41.2% used 72-seat classrooms), therefore
there was no demographic difference effect. Further, the
majority of students’ (77.9%) ages ranged from 18 to 24;
and most of students (76.9%) spent 3 to 4 hours in one of
the classrooms per week.

Measures and Procedure

As a series of studies using the Sustainable Post-
Occupancy Evaluation Survey (B3-SPOES) tool developed
by a research center at a Midwestern university, this
study used a self-administered, online questionnaire to
evaluate students” perspectives of IEQ in classrooms. The
questionnaire was developed reflecting B3-MSBG IEQ
criteria and included questions related to satisfaction with
specific IEQ criteria (i.e., thermal conditions, IAQ,
acoustic conditions, lighting conditions, furnishings,
aesthetics, technology, vibration conditions, and view
conditions); satisfaction with the overall IEQ of
classrooms; perceived effect of IEQ on learning; and
satisfaction with the course. A 7-point Likert-type scale
was used to measure satisfaction (l1=very dissatisfied,
7=very satisfied); learning (1=hinders learning, 7=enhances
learning); and course satisfaction statements (1=strongly
disagree, 7=strongly agree).

Most variables included in the questionnaire had a
single item used to measure the variable. However,
satisfaction with view conditions was composed of two
items: 1) your ability to see the presenter in your
classroom and 2) your ability to see materials presented
in your classroom. Course satisfaction included three
items: 1) Generally speaking, I am very satisfied with this
course; 2) I frequently think of quitting this course; and 3)
I am generally satisfied with the kind of work I do in this
course. Table 2 shows the variables (independent and
dependent), the questions that measured each variable,
and the scale used for each measure.

After approval by the Institutional Review Board, data
were collected through an online survey tool. The SPOES
team announced via email that students would be invited
to the voluntary online survey to evaluate their
satisfaction with classrooms, their perceptions of effect on
learning, and their course satisfaction as a result of new
building design. Students were given a URL link to the
online survey and eight days to complete the survey; one
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reminder was sent after seven days. Only completed
survey data were used for data analysis

\.

Figure 2. 124-seat classroom

Figure 3. 124-seat laséroom

Ea e = 2

Figure 4. 75-seat classroom
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Data analysis

The data analysis technique chosen for this study was a
path analysis, a statistical technique primarily used to
examine the comparative strength of direct and indirect
relationships among variables (Lleras, 2005). The intended
rationale to use a path analysis was that the authors could
explicitly examine how the chosen variables relate to one
another and thus develop the causal hypotheses about the
sequential processes influencing a particular student
outcome. Another advantage was that the authors were
able to decompose the various variables affecting each
given student outcome into direct (versus indirect) effects
while testing a path model (Lleras, 2005).

A series of data analysis procedures was applied. First,
the data collected were purified through a standard

procedure for handling missing responses, dealing with
outliers, and checking the normality assumption required
for a path analysis. Some missing data were replaced
using the mean imputation method. Univariate outliers
with standardized scores (z-scores) more than +3.0 and
multivariate outliers showing the squared Mahalanobis
distance with a low p value (less than .001) were carefully
considered to avoid biased inferences when analyzing
data (Byrne, 2010; Kline, 2011). To determine whether the
data were normal or not, skewness and kurtosis were
checked.

For normal distribution, skewness should be less than
+3 and kurtosis should be less than +10 (Kline, 2010).
Second, internal consistency of variables that had multiple
items (i.e., “view conditions” and “course satisfaction”)

Variables Measures

Scales

Independent Variables

Thermal conditions

Indoor Air Quality (IAQ)

Acoustic conditions
Lighting conditions

Furnishings

Aesthetics

Technology

Vibration conditions

View conditions

Dependent Variables
Overall IEQ satisfaction

Perceived effect of IEQ
on learning

Course satisfaction

The overall thermal comfort conditions in your classroom
[thermal conditions are defined as temperature (hot or cold),
air velocity (drafty or stagnant) and humidity (dry or moist)

The overall indoor air quality conditions in your classroom
(indoor air quality is defined as the absence of odors, stale or
stagnant air, or other air-borne chemicals or irritants)

The overall acoustic quality in your classroom
The overall lighting conditions in your classroom

The overall furnishings in your classroom (furnishings are
defined as desks, tables, chairs, etc.)

The overall aesthetics in your classroom (aesthetics are
defined as the appearance or attractiveness of the physical
environment.)

The technology provided for learning in your classroom

The overall vibration conditions in your classroom (vibration
conditions are defined as movement from wind sway, indoor
machinery, or foot traffic.)

Your ability to see the presenter in your classroom
Your ability to see materials presented in your classroom

Regarding satisfaction, the overall physical environment of
your classroom

Regarding learning, the overall physical environment of your
classroom

Generally speaking, I am very satisfied with this course
I frequently think of quitting this course

I am generally satisfied with the kind of work I do in this
course

1=very dissatisfied,
T=very satisfied
(for all IVs)

1=very dissatisfied,
T=very satisfied
I=hinders learning,
7=enhances learning

I=strong disagree,
7=strong agree

Table 2. Variables, Measures, and Scales

Journal of Learning Spaces, 2(2), 2013-14.
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was checked using Cronbach’s alpha reliability scores
(Gefen, Straub, & Boudreau, 2000). When an acceptable
reliability with a .70 or .80 cutoff value (Henson, 2001;
Nunnally & Bernstein, 1994) was indicated, the composite
measure of items of each variable was used for further
analysis. For testing the hypotheses, path analysis was
used to examine the simultaneous relationships between
students’ satisfaction with specific IEQ criteria of
classrooms, their satisfaction with the overall IEQ of
classrooms, perceived effect of IEQ on their learning, and
their satisfaction with courses.

The fit of a path model was evaluated using various

model-fit indices, such as chi-square fit index (XZ/df), the
goodness-of-fit index (GFI), the adjusted goodness-of-fit
index (AGFI), the normed fit index (NFI), comparative fit
index (CFI), Tucker-Lewis index (TLI), and the root mean
square error of approximation (RMSEA), to provide an
accurate evaluation of a model-fit (Byrne, 2010;

Harrington, 2009). Recommended range of x2/df for a
good model-fit is from 5.0 to 2.0 (Tabachnick & Fidell,
2007; Wheaton, Muthen, Alwin, & Summers, 1977). GFI
and AGFI values of .90 or greater indicate well fitting
models (Hooper, Coughlan, & Mullen, 2008). NFI, CFI
and TLI values close to .95 or greater are recognized as a
good model-fit (Hu & Bentler, 1999). RMSEA values less
than .08 suggest an adequate model-fit (Browne &
Cudeck, 1993).

Limitation

In this study, most variables, except for view conditions
and course satisfaction, had only one item. Multiple-item
measures should be used to establish a more reliable test
and better represent the underlying dimensions of each
variable. Student learning outcome was a self-perceived
measure, not a directly assessed learning performance. A
self-assessment can be subjective that may decrease
accuracy of the assessment. Further studies using
objective measures of student outcomes are required to
get more accurate examination of the relationships
between variables. The sample size was large enough to
gain more accurate data, but the data were collected from
only one building. The developed conceptual model
showing relationships between variables needs to be
confirmed by collecting data from a number of buildings
to provide consistent evidence.

Results

Data screening

Missing data were minimal and were replaced with the
mean of each variable. When checking variables having
multiple items, the negative item that was correlated with
other items was reversed. As shown in Table 3, one
negative item under course satisfaction, “I frequently
think of quitting this course (M=2.09, SD=1.70)", was

Variables Mean SD  Skewness Kurtosis
Thermal conditions 5.71 1.27 -1.12 1.29
IAQ 6.14 99 -1.61 3.86
Acoustic conditions 6.07 1.00 -1.45 2.86
Lighting conditions 6.04 1.08 -1.61 3.56
Furnishings 5.83 1.21 -1.30 1.85
Aesthetics 5.78 1.23 -1.13 1.06
Technology 6.10 1.11 -1.73 3.70
Vibration conditions 6.24 92 -1.36 2.13
View conditions 6.18 95
- Your ability to see the presenter in your classroom 6.34 .88 -1.82 4.78
- Your ability to see materials presented in your classroom 6.01 1.19 -1.52 2.58
Overall IEQ satisfaction 6.15 98 -1.59 3.71
Perceived effect of IEQ on learning 5.99 1.05 -1.30 2.16
Course satisfaction 5.65 1.14
- Generally speaking, I am very satisfied with this course 5.68 1.32 -1.38 2.06
- I frequently think of quitting this course 2.09 1.70 1.65 1.66
(Reverse scoring) (5.91) (1.70) (-1.65) (1.66)
- I am generally satisfied with the kind of work I do in this course 5.35 1.32 -.96 .83

Table 3. Mean, Standard Deviation, Skewness, and Kurtosis (N=631)

Journal of Learning Spaces, 2(2), 2013-14.
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reverse scored in a positive manner (M= 5.91, SD=1.70).
Several univariate outliers were identified in each variable
showing than +3.0. To
determine whether the outliers detected were deleted, the
raw scores of the outliers in each variable were compared
with  the standard deviation of the
corresponding variable. The descriptive output indicated
that the mean values of variables were ranged from 5.35
to 6.34 with the standard deviations ranging from 0.88 to
1.70. All outliers in each variable showed low scores less
than 4. When considering the high mean score of each
variable, cases less than 4 might be identified as outliers.
However, not only positive but also negative perceptions
of physical classroom environments should be taken into
consideration when analyzing data. Thus, the researchers

standardized scores more

mean and

decided not to drop the univariate outliers detected in the
process of data purification. For the same reason, several
multivariate outliers showing the squared Mahalanobis
distance less than .001 were not deleted. All variables
were normally distributed (-1.82 < skewness < -.96, .83 <
kurtosis < 4.78). Finally, a total of 631 cases were retained
for path analysis.

When checking the Cronbach’s alpha of variables with

multiple items, view conditions (.81) and course
satisfaction (.70), both showed acceptable internal
consistency reliability. The composite measures of

multiple items were used to represent each variable when
conducting path analysis. Table 3 summarizes the data
conditions for each variable.

Hypothesis testing

Path analysis using maximum likelihood was used to
simultaneously examine the hypothesized relationships
between students’ satisfaction with specific IEQ criteria of
the classroom, their satisfaction with the overall IEQ of
the classroom, their perceived effect of IEQ on learning,
and their among
independent variables (satisfaction with IEQ criteria)
were not highly correlated, ranging from .35 to .59 (see
Table 4).

course satisfaction. Correlations

The overall path model was statistically significant

(x>=31.7, df=9, p=.000) and had a very good fit with x*/df =
3.521, GFI = .992, AGFI = .930, NFI = .991, CFI = .994, TLI =
955, and RMSEA = .063. The resulting standardized
regression weights of the paths are shown in Figure 5.

While students” satisfaction with vibration conditions (8
= .03, p=28) was not a significant predictor of their
satisfaction with the overall IEQ of the classroom,
satisfaction with thermal conditions (8 = .13, p<.001), IAQ
(B = .08, p<.05), acoustic conditions(f = .11, p<.001),
lighting conditions (8 = .11, p<.01), furnishings (8 = .23,
p<.001), aesthetics (8 = .13, p<.001), technology (B = .13,
p<.001), and view conditions (8 = .10, p<.01) were
significantly related to satisfaction with the overall IEQ of
the classroom. Satisfaction with furnishings was the
strongest contributor to predicting students’ satisfaction
with the overall IEQ of the classroom. Therefore,
hypothesis 1 was partially supported.

Students’ satisfaction with thermal conditions (8 = .09,
p<.01), IAQ (B = -.10, p<.01), acoustic conditions (f = .09,
p<.01), aesthetics (f = .08, p<.05), technology (f = .13,
p<.001), vibration conditions (8 = .07, p<.05), and view
(B = .17, p<.001) significantly
students’ perceived effect of IEQ on learning. Satisfaction
with view conditions (the ability to see the presenter and
materials presented) was the strongest factor to influence
students” perceived effect of IEQ on learning, followed by
technology provided for learning. Interestingly, students’
perceived effect of IEQ on learning was not significantly
accounted for by satisfaction with lighting conditions ( =
.00, p=994) and furnishings (8 = .03, p=.392). Therefore,
hypothesis 2 was partially supported.

Students’ satisfaction with the overall IEQ of the
classroom significantly influenced their perceived effect
of IEQ on learning (8 = .47, p<.001), thus hypothesis 3 was
supported. While students’ satisfaction with the overall
IEQ of the classroom did not significantly influence
students’ course satisfaction (f = .04, p=.449), the indirect

conditions influenced

path from this variable to course satisfaction, mediated
through students’ perceived effect of IEQ on learning,
was significant (indirect effect, § = .12, p<.05). Therefore,

V1. V2. V3. V4. V5. IvVe6. V7. IV8. V9.
Thermal Conditions 1.00
Indoor Air Quality 55 1.00
Acoustic Conditions 41 49 1.00
Lighting Conditions 41 54 44 1.00
Furnishings A7 53 44 A48 1.00
Aesthetics 45 .59 44 48 .56 1.00
Technology 35 47 46 44 51 43 1.00
Vibration Conditions 47 .56 43 44 40 45 39 1.00
View Conditions 43 .56 55 58 47 51 .54 46 1.00

Table 4. Correlations among Independent Variables

Journal of Learning Spaces, 2(2), 2013-14.
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hypothesis 4 was not supported, but hypothesis 5 was
supported. Students’ perceived effect of IEQ on learning
significantly influenced their course satisfaction (8 = .26,
p<.001). Therefore, hypothesis 6 was supported.

Discussion and Implications

This study investigated simultaneous relationships
between the IEQ of classrooms and students’ outcomes,
such as satisfaction with IEQ, perceived learning, and
course satisfaction, by developing a hypothesized
conceptual model and testing the fit of the data to the
model. The findings of path analysis indicated that there
were  significant  relationships
satisfaction with thermal conditions, IAQ, acoustic

between  students’
conditions, lighting conditions, furnishings, aesthetics,
technology, and view conditions and their satisfaction
with the overall IEQ of classroom environments. Further,
students’ satisfaction with the overall IEQ of classroom

environments influenced by their satisfaction with these

findings support previous studies indicating that IEQ of
classrooms had a positive effect on students’ satisfaction
and learning (Felix & Brown, 2011; Heschong Mahone
Group, 1999; Mendell & Health, 2005).

However, this study showed that although students
were satisfied with lighting conditions and furnishings of
their classrooms, their satisfaction with these IEQ criteria
did not significantly influence their perceived learning.
The finding that lighting or furnishings did not directly
contribute to students’ learning is inconsistent with
previous studies (Cornell, 2002; Kelting & Montoya, 2011;
Heschong Mahone Group, 2003; Lei, 2010), and must be
confirmed and investigated further. For example, the
setting of this study had non-flexible tables, movable
seating, and controllable overhead lighting, all of which
may contribute to students’ satisfaction, but the extent of
this was not identified in this study. Therefore, future
study needs to be also conducted in classrooms that have
various furniture and lighting types and arrangements to
confirm these results.

Thermal
conditions
2=
1AQ RZ = .61
Acoustic Overall IEQ
conditions Satisfaction ad
Lighting ? R2=.09
conditions
T Course
urnishings AT Satisfaction
.09**
Aesthetics
Technology \: Perceived Effect of
IEQ on Learning
Vibration
conditions R2= .62
View
conditions — ——
—— Significant Path --------- -» Non-significant Path

Figure 5. Path diagram with standardized regression weights, direct and indirect effects, and squared multiple correlations

Note. *p<.05, **p<.01, **p<.001

specific IEQ criteria significantly led to enhanced
perceived learning. In addition, students” satisfaction with
thermal conditions, TAQ, acoustic conditions, aesthetics,
technology, vibration conditions, and view conditions
directly influenced their enhanced learning. These

Journal of Learning Spaces, 2(2), 2013-14.

Researchers have found linkages between specific IEQ
criteria and student performance. For example, Strange
and Banning (2006) linked lighting to improved student
task performance; Cash (1993) and Earthman (2004) linked
IAQ to student learning.
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However, no other researchers have tried to
comprehensively investigate the relationship among
students’ satisfaction with IEQ criteria, their satisfaction
with the overall classroom environment, and their
learning. Further, little research was found on the effect of
students” satisfaction with classroom IEQ and their
enhanced learning on their course satisfaction. In this
study, students who reported that IEQ had a high level of
perceived effect on their learning were also satisfied with
their courses. In addition, students’ satisfaction with the
overall IEQ of the classroom indirectly influenced their
course satisfaction when they showed a high level of
perceived effect of IEQ on learning.

The fact that these relationships are occurring in
sustainably design classrooms lends further complexity to
the issues to be studied. Following B3-MSBG means that
not only sustainable criteria were met, but also best
practices in IEQ were used as benchmarks due to the
nature of the B3-MSBG. Use of path analysis to explore
the potential for simultaneous relationships in real
classroom environments and testing these findings
against a theoretical model means we now can build other
test models to explore simultaneous relationships, which
is the way human behavior occurs. The value of path
analysis is evident; there were simultaneous relationships
found that affect both satisfaction and learning. These are
unique aspects of this study that contribute to our
understanding of these relationships.

Future studies could both confirm and build on the
methods, framework, and findings from this study. The
understanding of the boundaries and generalizability of
our findings requires additional studies that use objective
measures of student outcomes (e.g., GPA, attendance
rates, course evaluation scores, etc.) as opposed to
students’ perceptions of these outcomes. The former can
be directly manipulated by educational institutions and
therefore are more managerially relevant. There is a need
for more studies that employ multiple items for each
variable instead of relying on a single item to measure
each variable.

This helps avoid the well-known problem of common-
method variance, which can lead to inflated correlations
between the measures of the antecedents and
consequences (Podsakoff, MacKenzie, Lee, & Podsakoff,
2003). Additionally, using multiple items to investigate
more detailed relationships between IEQ of classrooms
and student outcomes can explore specific features of
each IEQ. For example, if students were dissatisfied with
the IAQ, what component contributed to that
dissatisfaction—stagnant  air, odors, etc.? Another
suggestion for future research is to develop psychometric
scales that can measure the relationship of the physical
environment to student outcomes. Again, this can lead to
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the design of classroom environments that predict greater
student success.

Conclusions

This study investigated students’ perceptions of the
effect of various IEQ criteria of classrooms on their
satisfaction ~with the overall classroom physical
environments and their perceived learning, subsequently
their course satisfaction in a newly designed sustainable
campus building. Further, this study was able to develop
and test a conceptual model that looked at simultaneous
interactions of IEQ criteria to student outcomes.

The findings of this study indicated mostly positive
results from use of sustainable IEQ criteria in the new
generally  positive
contribution that classrooms make to students’

classroom  environments. The
satisfaction and learning concurs with many other
researchers (Earthman, 2004; Heschong Mahone Group,
1999; Mendell & Heath, 2005) who have investigated
these issues. This study provided empirical evidence that
designing a classroom with attention to sustainable IEQ
criteria, e.g., thermal conditions, IAQ, acoustic conditions,
lighting conditions, furnishings, aesthetics, technology,
and view conditions, is associated with positive student
outcomes including their overall satisfaction with
classroom IEQ and its perceived effect on their learning,
that lead to students’ satisfaction with courses. However,
additional study is warranted to ensure that learning is
more quantifiably measured.

The findings of this study can be used to underpin
designers” knowledge of IEQ in higher education
classroom environments. This offers an opportunity for
educational institutions to use classroom design as a
means to increase desirable student outcomes. Because of
the large numbers of variables that can affect students’
satisfaction and learning, it is important for designers to
understand how individual variables affect student
outcomes, specifically variables that are within designers’
control. With a better understanding of how these
variables affect students’ satisfaction and learning,
designers can make informed decisions about which
variables are the most important ones and warrant
spending project dollars to ensure the highest level of
students’ satisfaction and learning.
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