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INTRODUCTION

Having affected 90% of the student population of the

ABSTRACT

Remote learning applications have crucial importance in preventing education processes
from being interrupted under extreme conditions such as a pandemic. Numerous studies on
the field are being performed, as it is thought that remote learning will become even more
critical in time. Notably, the variety of built environments in different regional, social, cultural,
and technological aspects encourages researchers to investigate such differences and student
performance and satisfaction relating to their conditions. Focusing on design students, who
may have more distinct requirements since the nature of the education program they are subject
to, this article aims to present the comfort conditions of students, as well as the relationship
of such conditions with the level of student satisfaction with remote learning. The method
of this study includes a comprehensive survey, which has been delivered to architecture and
interior architecture students via online channels, questioning their spatial, visual, auditory,
and thermal comfort. The multiple regression analysis, which has been used in connecting
comfort conditions and satisfaction, has resulted that the built environment has a slight yet
significant effect on satisfaction level (R=0.374). This result is substantial considering the
variety and complexity of factors affecting satisfaction with remote learning. Findings of this
study include that visual comfort conditions are the most influential on student satisfaction,
indicating the inference that improvements relating to these conditions will be quite effective.
The results of this study provide a perspective for improving remote learning processes and
adapting living environments to remote learning, based on different student groups.

Cite this article as: Giresun Erdogan B, Kutsal S. Relating environmental comfort
conditions to student satisfaction with remote learning: A case on design students. Megaron
2023;18(1):112-125.

Various researches have focused on remote learning,

especially from 2006 and onwards, which was the subject

world (Unesco, 2020) the Covid-19 pandemic has led of research before the Covid-19 epidemic (Salama &

many countries to suspend face-

to-face education and Wilkinson, 2017; Sun & Chen, 2016). The research of Allen

put compulsory remote learning processes into practice. and Seaman (2013) reveals that the global financial crisis in
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2008 had also been a driving factor for the improvement of
remote learning. Several countries around the world have
synchronously experienced a switch in education processes
by necessity (Boca, 2021; Ibrahim et al., 2021; V.-H. Lee et
al., 2021; Muthuprasad et al., 2021; Tleuken et al., 2022; D.
Yang & Mak, 2020), to such a point that it can be inferred
that the Covid-19 pandemic constitutes a breaking point in
research and improvements in the field of remote learning.

Researches which have been initiated with Covid-19
pandemic (Arifiati et al., 2020; Boca, 2021; Jiang et al,,
2021; V.-H. Lee et al, 2021; Muthuprasad et al., 2021;
Oskaloglu & Cati, 2021; Ouciftci, 2021; Tleuken et al.,
2022) have focused on the effect of remote learning under
compulsory situations. The factor of satisfaction, which has
a substantial part in student motivation in terms of studying
and learning, has been increasingly examined both before
(Vilcekova et al,, 2017; Z. Yang et al,, 2013) and during
the Covid-19 pandemic period. The increasing number of
field researches and empirical studies focusing on this field
indicates that remote learning will retain its important role
in education processes.

Studies on student satisfaction with remote learning mainly
focus on the psychological and psycho-social perceptions of
students (Arifiati et al., 2020; Boca, 2021; Jiang et al.,, 2021;
V.-H. Lee et al., 2021; Muthuprasad et al., 2021), while very
few of the researches (Oskaloglu & Cati, 2021; Tleuken et
al., 2022) have discoursed the effects related to the physical
environment. In these researches, higher education
students have been evaluated independently of their field
of study. Teaching architecture in an online format is rare
due to the nature of the discipline and student-instructor
interaction (Ibrahim et al., 2021). Since design studio
courses are involved in the course program, students of
fields such as architecture and interior architecture have
distinct and unique requirements (Karassowitsch, 2019).
On the contrary of researchers who assert that online
studio courses will not be able to substitute traditional
studio courses (Salama & Wilkinson, 2017; Silva & Lima,
2008), Saghafi et al. (2012) propose a blended design studio
that provides a combination of physical studio and virtual
environment.

Teaching and learning strategies in design fields have
drawn great interest due to their significance in the
education of qualified architects and interior architects.
Therefore, this study focuses on design students studying
in the fields of architecture and interior architecture. The
value of this research is based on the assessment of the
relationship between environmental comfort factors and
student satisfaction within the concept of remote learning,
which lacks research on remote learning strategies in an
adaptation of studio and design courses (Ibrahim et al.,
2021) and psycho-social perceptions of students (Alnusairat
etal., 2021).

Insufficient environmental comfort can have a substantial
effect on the learning capacity of students (Haverinen-
Shaughnessy et al., 2015). It has been widely recognized that
a comfortable environment increases working productivity
(M. C. Lee et al., 2012; Rosa-Jimenez & Jaime-Segura, 2021;
Toyinbo et al., 2016), as this concept can be extended to the
productivity level of students (Ricciardi & Buratti, 2018).

Environmental comfort is established through some factors
like anthropometry, climate, sound, vibrations, light, and
smell (Bouwens et al., 2018). Frontczak and Wargocki
(2011) discuss thermal, visual, auditory, and spatial
conditions. Nevertheless, rather than being solely based on
objective parameters, environmental comfort is dependent
on several factors which require detailed research in various
fields (Ricciardi & Buratti, 2018).

In the literature review, it is seen that environmental
comfort conditions are effective in education and learning.
The general purpose of the research is how this situation
will affect remote learning. The research problem is shaped
in the context of design students and their differing needs
from other students, which are one of the limits of the
study. Accordingly, "whether the environmental comfort
conditions of design students affect their satisfaction with
distance education" is the main problem of the research. The
theory that we created based on the literature review is that
environmental comfort conditions will affect satisfaction
with distance education linearly. We used a quantitative
method, multiple regression analysis, to test the hypothesis.
We analyze the data we collect from students through the
questionnaire we developed specifically for this study with
the SPSS program and prove it statistically.

BACKGROUND

Remote Learning and Environmental Comfort

Comfort can be defined as the consistency between the
functional, technical and perceptive performance of a
building and the user expectations (Giresun Erdogan &
Polatoglu, 2021) and the psychological satisfaction of the
user which is achieved through optimal performance in
user activities (Oral et al., 2004).

The process of learning and training require students to
spend a long time within the same interior space. Especially
design students proceed to use the same space not only
during course hours but also during their processes of
design and production. Therefore, environmental comfort
is directly related to providing the health and prosperity of
students (Bluyssen, 2017; Fantozzi & Rocca, 2020; Lamberti
et al., 2020).

The insufficiency in environmental comfort conditions
may result in a negative effect on the learning capacities of
students and their creativity in thinking in three dimensions.
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Indoor environmental conditions are associated with
triggering health and learning difficulties for students in a
study conducted by Soccio (2016) in a school context. The
author remarks that poor indoor environmental quality
can trigger health and learning difficulties for students
and adversely impact the well-being of educators and their
students. Lee et al. (2012) observed strong relationships
between spatial comfort in interior spaces and learning
performance. Similar observations were made on the
effects of comfort conditions on the student's performance
by some other researchers, for example, Kriiger and Zannin
(2004). They concluded that auditory, visual, and thermal
comfort also affect stress, concentration, and disturbance,
respectively.

Bouwens et al. (2018) rank the environmental comfort
factors from most important to least important:
anthropometry, climate, noise, vibrations, light, and smell.
Similarly, Tleuken et al. (2022) makes a definition like this
without a hierarchy; light, a robust supply of electricity
and internet, noise, technical resources, personal study
space, and temperature and humidity. However, rather
than being only an objective concept, human comfort is
dependent on various factors and subfactors (Ricciardi &
Buratti, 2018). Although conditions of built interior spaces
have been examined within thermal, auditory, and visual
aspects (Frontczak & Wargocki, 2011; Kriiger & Zannin,
2004; Oral et al., 2004), an investigation regarding the
spatial sufficiency of students is also required due to the
obligatory and unprovided nature of the switch to remote
learning.

Soccio(2016)relatestheconditionsthataffecteducationand
training as environmental, motivational, socio-economic
& socio-cultural, and pegagogical & currcular factors.
We approached the environmental comfort conditions
constituting the working limits, spatial requirements,
and competencies, generally within their dependence
on ergonomic factors. Yet, physical measurements solely
lack in achieving environmental comfort (Ricciardi &
Buratti, 2018). Frontczak and Wargocki (2011) have
stated that providing for requirements such as privacy
and personal space (Allen & Seaman, 2013) also has a
remarkable effect on human comfort. It is crucial to take
the psychological conditions and requirements of students
into consideration in shaping the space and equipment for
studying. Figure 1 shows the conceptual scheme that we
have created based on this information and the factors
of Soccio (2016). According to this scheme evaluating
environmental comfort with perceptual data can be
considered a new approach.

Remote Learning and Satisfaction

As the success of remote learning is related to achieving
student satisfaction (Jiang et al., 2021; Ozgiftci, 2021), the
effect of the Covid-19 pandemic on student satisfaction

Figure 1. The relation between learning satisfaction with
environmental comfort and students' perception.

with remote learning has been globally researched. A
study by Aristovnik et al. (2020) has asserted that student
satisfaction with remote learning during the Covid-19
pandemic has been lower in countries that have lower life
standards compared to the other countries. Studies based
in various countries have shown that students prefer online
education during the pandemic, yet remote learning cannot
substitute traditional face-to-face education (Boca, 2021;
V.-H. Lee et al,, 2021; Muthuprasad et al., 2021; Ozgiftgi,
2021). While research-based in Jordan has emphasized
the indecisiveness of students regarding their satisfaction
with remote learning processes (Alnusairat et al., 2021;
Ibrahim et al., 2021), Jiang et al. (2021) state a positive level
of satisfaction in case of Chinese students. Also, a report by
the Council of Higher Education has shown that Turkish
students prefer face-to-face education (Council of Higher
Education, 2021).

During remote learning processes, students become
subject to more than one environmental factor. Various
combinations of more than one interior environmental
factor affect environmental perception (D. Yang & Mak,
2020). Categorizing perception types and determining
the effect of such categories to overall perception are
complicated processes (Jin et al, 2020; W. Yang &
Moon, 2018, 2019). These constitute a valid base for the
requirement to examine satisfaction with remote learning
from various perspectives.

Yang et al. (2013) state that studies that focus on various
aspects of learning environments and encourages
the learning process of students started in the 1960s.
According to these studies, learning environment-related
perceptions of students can be categorized under three
topics: “perception of the psychosocial environment such as
belongingness and connection with classmates; perception
of the psychological environment such as motivation,
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self-efficacy, and achievement; and perception of the
physical environment such as classroom size, lighting, and
technology? In parallel, later studies have examined learning
performance and satisfaction by focusing on psychosocial
conditions (Alnusairat et al., 2021), psychological factors
(Ibrahim et al., 2021) and conditions relating to the physical
environment (Oskaloglu & Cati, 2021; Tleuken et al., 2022).
This article distinguishes itself by analyzing the success
in adapting to a different physical learning environment
(transition from school to home) within the context of
comfort conditions, and its relationship with satisfaction
with remote learning focusing on design students.

Remote Learning in Design Fields

The basis of design education is constituted by practical
courses which are conducted in special classrooms called
“studios”. Design studios provide students with a multi-
dimensional and enriching learning experience. The
education processinstudiotrainingisbased on “experimental
learning” or “learning by doing” (Nicol & Pilling, 2000).
Therefore, as design education is distinguished from other
undergraduate education programs by requiring creativity
for design (Akin & Akin, 1996; Taneri & Dogan, 2021),
design students have distinctive necessities compared to
students working in other fields.

Although there had been various initiatives to digitize
design education programs as online, remote processes
before the Covid-19 pandemic (Saghafi, M.R., Franz, J.
and Crowther, 2012; Salama & Wilkinson, 2017; Silva &
Lima, 2008; Wojtowicz, 1995), researchers had reached a
consensus that online education cannot substitute face-
to-face training. This has led the effect of remote learning
on architecture students to become a topic of discussion
(Alnusairat et al., 2021; Ibrahim et al., 2021; Oskaloglu
& Caty, 2021; Sekerci et al., 2021). As the digitization of
design studios has started, students have lacked materials
to present their works such as boards, drawing tables,
cardboards, etc. (Alnusairat et al., 2021; Ibrahim et al.,
2021). Besides, the research by Tleuken et al. (2022)
had shown that students complain about their home
environment not being reconciled for education and
decent studying. Within this direction, this study includes
spatial qualifications regarding distinct necessities of
design students, alongside the factors which are examined
within the context of research focusing on the comfort
of students in the classroom environment (Ricciardi &
Buratti, 2018; D. Yang & Mak, 2020; W. Yang & Moon,
2018; Z. Yang et al, 2013). Within the context of this
article, conditions of architecture and interior architecture
students such as having sufficient private space, storage
spaces for design and working materials, computer tables,
and ergonomically convenient chairs to use in following
remote learning programs, have been examined as
comfort parameters.

METHODS AND MATERIALS

The beginning of this article covers a literature review
focusing on the factors affecting learning performance and
education-related satisfaction of students. The study which
has been conducted before the Covid-19 pandemic by
Yang et al. (2013), proved that physical comfort conditions
in the classroom have influential effects on learning and
satisfaction. Based on that study the literature review of this
article also focuses on physical comfort conditions.

This study is a case study that reveals the environmental
comfort conditions of a certain student group in a certain
period. The research is a descriptive study designed in a
survey model and is used to detect an existing situation
as it exists (Karasar, 2017). This study is valid only for the
subject of study and does not aim to generalize. However,
as Karasar (2017) stated, generalizability can be achieved by
increasing the number of cases examined.

This study also makes use of a statistical method to indicate
the impact of a wide range of comfort attributes on student
satisfaction with remote learning. Figure 2 shows the
steps of the developed methodology. According to these
steps, we first determined various factors and subfactors
to analyze the effect of comfort conditions in the housing
environment on student satisfaction. However, not all of
the factors coming from the literature are simple and clear
for students to evaluate by themselves. As a solution, a
pilot survey has been structured for students to eliminate
vacillating while answering clear questions and conducted
on 15 students who have also contributed to delimiting the
diversity of questions.

The pilot survey, which included the concerns and
suggestions relating to environmental comfort conditions,

Figure 2. The structure of the research methodology.
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aims to understand the potential aspects to be adapted by
the satisfaction survey, as well as the problems of students.
Following the feedback, simple and clear subfactors have
been determined to be used by students in evaluating their
studying environments. Other sub-measurements that
are technically complex and require special equipment to
determine, such as air quality, relative airspeed, sound level,
auditory transmission, etc. have been excluded from the
context of this study.

Surveys constitute important tools for analyzing physical
comfort conditions (Ricciardi & Buratti, 2018). Although
face-to-face interviews make room for instant feedback and
clarification of certain doubts, they also require more time
(Benoliel et al., 2021). Therefore, this study makes use of
online surveys in order to collect more inputs in a shorter
amount of time. Following the representative results of the
pilot survey and the feedbacks, the updated survey has been
delivered to the users.

The data obtained from students through the online
systematic questionnaire have been analyzed via the SPSS
program. Three techniques have been used in the analysis
process: First, the findings transform qualitative verdicts
into quantitative ones and obtain information on the
comfort conditions of the students with the "Likert scale".
The second technique is "arithmetic average". The last one is
“Multiple Regression Analysis” (Allison, 1999). This method
has been developed to relate more than one comfort
condition to satisfaction with remote learning, as well as
to present certain conditions and their precise effects on
student satisfaction.

Table 1. Survey Structure

Survey Design

User survey provides evaluating the feasibility of comfort
conditions in the home environment of students in both
qualitative and quantitative manners, as well as relating
the results regarding feasibility to satisfaction with remote
learning.

In parallel with the goals of the survey, the approach to
data collecting is based on the qualifications of the physical
environment and the field that students are working in.
We adopt to be understandable with quick and simple
answers in survey design. For the first time, we propose the
questionnaire we prepared specifically for this research to
examine environmental comfort conditions from different
perspectives and to obtain subjective data from students
(Table 1). The most significant difference from the existing
scales of this questionnaire is that it consists of questions
without the need for technical measurement and technical
tools that enable students to self-assess under pandemic
conditions. In addition, another difference from the existing
scales is that it was developed specifically for this research
with the feedback from the pilot survey.

The survey has been divided into four sections to ensure
students focus on one comfort parameter at a time. To
determine whether an individual student is suitable for the
survey, the first section covers special criteria including
personal information, such as school, the field of study, age,
and years spent in the program. Besides, the first section
includes information on whether an individual student
attended a remote learning program for at least two terms
and the general satisfaction level with such program.

The second section questions the spatial sufficiencies of

Sections Criteria Sub-Criteria Data
1 Personal Information Indicators « School, year, field
« Regular attendance to remote learning
« Satisfaction with remote learning
2 Spatial Comfort Privacy « Private/shared/co-shared working space
Dimensions of space « Size of working space
Ergonomic dimensions « Ergonomy of working desk
« Ergonomy of working chair
3 Visual Comfort Natural lighting « Sufficient sunlight
« Total window area in working space
Artificial lighting « Sufficient lighting fixtures
« Artificial lighting level of working desk
4 Auditory Comfort Noise « Noise level

Mass media tools

Thermal Comfort

Temperature

« Tv, radio, mp3 player, etc.
« Evaluation for Fall term

« Evaluation for Spring term
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the students. For evaluating privacy, students have been
requested to provide information on whether they have a
private space for studying and, in case of lack of such space,
whether they use a shared or alternate space for studying.
This section assesses the sufficiency of the dimensions of the
studying environment from where the student is attending
to remote learning and makes perceptive evaluations, such
as comfort and sufficiency of the working desk and chair,
which students use for hours while studying.

The third section evaluates the visual comfort conditions of
the students by assessing the ratio of window dimensions to
wall surface areas, the sufficiency of lighting fixtures, and
level of natural and artificial light.

The fourth section includes questions towards evaluating
both auditory and thermal comfort conditions. In terms
of auditory comfort, the survey aims to qualify the level
of noise with qualitative expressions such as “quite noisy”
or “quiet”, for students who naturally lack technical
equipment to measure the sound level. Besides, students
have been requested to evaluate the sound of mass media
tools in their working space, if any, of their own accord or
not, with expressions such as “distracting”, “contributes in
focusing’, etc. Students with no mass media tools (music,
television, radio, etc.) in their working environment have
been excluded from this question.

As the effective thermal comfort conditions are expected
to differ during different seasons, the students have been
requested to make qualitative assessments for fall and
spring terms with expressions such as “very cold”, “cool” or
“muggy”. All answers have been grouped into five options.

Respondent Characteristics

Having been conducted in Turkey, the survey covers
undergraduate students from fields of architecture and
interior architecture of various universities located in
Istanbul. In order to participate in the survey, the students
have been required to have regularly attended online
lessons within remote learning for at least two terms (fall
and spring). Answers from students who do not meet these
criteria have been sorted out from the dataset.

The self-administered survey has been prepared and shared
with online student groups, and then collected online.
Among approximately 170 students who have participated
in the survey, 110 students have been evaluated for data
analysis. While 38.1% of the participating students are
studying in public universities, the ratio of students studying
in private universities is 61.9%. 46% of the participating
students study in the field of Architecture, while 54% of
them study Interior Architecture. The ratio of students
registered in the program for 1, 2, 3, and 4 or more years
is 40.0%, 29.1%, 18.2 and 11.8%, respectively. In terms of
gender, the female/male ratio of respondent students is 57%
to 43%.

Analysis of Data
Descriptive Analysis

The data collected through the online questionnaire has
been analyzed through the SPSS program. As the data
included qualitative assessments, the reliability of the
survey questions has been tested through Alpha (Cronbach)
Reliability Analysis (Cronbach, 1951).

The comfort conditions of the students have been evaluated
through the questions corresponding to the subcriteria of
the survey. The survey which aims to evaluate the subcriteria
makes use of the 5-Point Likert scale. According to the
scale, values of “57, “4”, “3”, “2” and “1” correspond to “quite
sufficient’, “sufficient”, “neither sufficient nor insufficient’,
“insufficient” and “quite insufficient’, respectively. In
interpreting the weighted average of the answers, this
study makes use of the “Gap width = Serie width / Group
count” formula (Oral Erbag, 2018) and determines the score
intervals as 4/5 = 0.80. According to this value, structured
score intervals are presented in Table 2.

The arithmetic average obtained from the subcriteria
provides a basis for the quantitative assessment of the
comfort conditions. Evaluation of comfort condition (X)
requires averaging evaluations (x) of subcriteria which are
N in number (Formula 1).

(1)

Following this operation for each comfort condition,
the visual, spatial, auditory, and thermal comfort of the
students have been evaluated and interpreted according to
the intervals given in Table 2.

Multiple Regression Analysis

Multiple Regression Analysis is a method that has been
used for measuring the relationship between more than one
independent variable (possible factors) and a dependent
variable (possible outcome) (Allison, 1999). Required
reliability and consistency tests have been conducted
before the analysis. Formula 2 demonstrates a linear
relationship between a dependent variable Y and two or
more independent variables (x1, x2,x3 . . ., xk).

2)

In the formula given above, Y represents the dependent

Table 2. Evaluation table

Score Evaluation Interval

1 Quite insufficient 1,00-1,80
2 Insufficient 1,80-2,60
3 Neither sufficient nor insufficient 2,60-3,40
4 Sufficient 3,40-4,20
5 Quite sufficient 4,20-5,00
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variable, whiletheX1,...,Xk correspondsto the independent
variables. a and  parameters (unknown parameters) have
been used in weight calculation. The multiple regression
model of this study consists of four independent variables.
In the model, the dependent variable (Y) corresponds to
the level of student satisfaction with remote learning, while
independent variables represent spatial comfort conditions
(X1), visual comfort conditions (X2), and auditory comfort
conditions (X3), and thermal comfort conditions (X4). The
weight of effect for all subcriteria has been accepted as equal
within the context of this study. Figure 3 demonstrates the
regression relationship of the subcriteria.

RESULTS

Descriptive Findings

Reliability analysis, regarding the answers of students
on level of satisfaction for remote learning and comfort
conditions, has demonstrated that the scale is quite reliable
(a=0,758) (Table 3).

The arithmetic average of the values corresponding to
the answers regarding the comfort subcriteria has been
calculated (X) to evaluate the general state of comfort
conditions. Values regarding the number of answers (valid),
missing data (miss.), averages (X), and standard deviation
(o) have been demonstrated in Table 4.

Figure 3. Conceptual framework of the multiple regression.

Table 3. Reliability analysis

Reliability Statistics

Cronbach’s Alpha  Cronbach’s Alpha Based on N of Items
Standardized Items
.758 776 17

Table 4. Descriptive findings regarding sub-criteria

Criteria N X c
Valid  Miss.

Privacy 110 0 4,45 1,00
Dimensions of Space 110 0 2,94 1,15
Ergonomy of Fittings 1 110 0 3,24 1,24
Ergonomy of Fittings 2 110 0 3,44 1,10
Window Dimensions 110 (0] 2,92 1,18
Natural Light 110 0 3,64 0,89
Lighting Fittings 110 0 3,18 1,12
Artificial Light 110 0 2,10 0,56
Noise 110 0 2,91 0,96
Mass Media Tools 97 13 2,54 1,09
Temperature (Spring) 110 0 2,71 1,09
Temperature (Fall) 110 0 3,62 1,06

Findings related to spatial comfort have proven that privacy
(X=4,45) of participating students is quite sufficient where
a majority of participants study in a private working space.
Dimensions of working space (X=2,94) have been expressed
as “neither sufficient nor insufficient”. Ergonomy of fitting 1 (X
=3,24), which corresponds to dimensions of the working desk,
has been defined as “neither sufficient nor insufficient”, while
ergonomy of fitting 2 (dimensions, height, and comfort of the
working chair) (X=3,44) has been expressed as “sufficient”.

In terms of visual comfort, window dimensions (X=2,92),
have been defined as “neither sufficient nor insufficient”
when comparing the window area to the base area. The
level of natural light (X=3,64), on the other hand, has been
stated as “sufficient”. While lighting fittings in the studying
environment have been expressed as “neither sufficient
nor insufficient” (X=3,18) in terms of count and quality,
the artificial lighting level of the space has been found as
“insufficient” (X=2,10).

By means of auditory comfort, the noise in the studying
space has been stated as “neither sufficient nor insufficient”
(X=2,91). A certain number of students have noted that
noisy media devices exist in their studying environment and

evaluated such devices as “distracting”, which corresponds
to “insufficient” (X=2,54).

Thermal comfort findings, obtained from students’
evaluation of the disturbance level of the temperature of
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the studying environment, have been collected separately
during spring and fall terms. According to the evaluation,
room temperature has been found to not affect satisfaction
during the spring term (X=2,71), while it has a positive
effect (X=3,62) during the fall term.

Following the data, the arithmetic average of subcriteria
has been gathered under the related criteria which have
been covered by the survey. Table 5 demonstrates a general
evaluation of comfort conditions.

Information to a certain level regarding the comfort
conditions of participant students has been obtained from
the calculations. Accordingly, spatial comfort is sufficient (X
=3,52), while visual comfort (X=2,96), auditory comfort (X
=2,72), and thermal comfort (X=3,16), have been evaluated
as “neither sufficient nor insufficient”. These data indicate
that the comfort conditions of students are at medium level.

Statistical Findings

Participating students stated their level of satisfaction with
remote learning as “quite dissatisfied” (%21,8), “dissatisfied”
(%28,2), “neither satisfied nor dissatisfied” (%29,1), “satisfied”
(%18,2), and “quite satisfied” (%2,7). Besides, 67.3% of the
participant students have expressed that they prefer face-
to-face learning over remote learning, within the context of
specified comfort conditions. According to this information,
it has been found that the satisfaction of the sample group
with distance learning is negative. To analyze the relationship
between satisfaction level and comfort conditions, multiple
regression analysis hasbeen applied to the data which have been
obtained from the descriptive analysis of comfort conditions.
Before analysis, normality tests have been performed on the

Table 5. General evaluation of comfort conditions

data, to test if the data has distributed normally. The number
of samples which were greater than 50 allowed for checking
the significance values via the Kolmogorov-Smirnov Test.
Since the P-value is less than 0.05, it has been determined that
data has not been distributed normally. However, it has also
been found that kurtosis and skewness values regarding the
data are between -1.5 and +1.5, therefore it has been accepted
as an indicative for normal distribution of data (Tabachnick
& Fidell, 2011). Taking these values into consideration, it
has been accepted that data has been distributed normally,
allowing the analysis to proceed (Table 6).

In multiple regression analysis, high correlation relations
within more than one variable cause a problem of multiple
linearities. Therefore, before evaluating the results, the
Pearson correlation of independent variables in Table 7 has
been analyzed and found as no greater than 0.700.

As another indicator that the variables do not correlate,
Durbin-Watson parameter, which has been Table 8, has been
found as 2.00 approximately (Durbin & Watson, 1971). In
parallel, VIF coeflicients, which have been asserted in Table
9, be under 2.5 and therefore have indicated the absence of
multiple linearities (Allison, 1999). Following the multiple
linearity check, the results of the findings have been evaluated.

The results have demonstrated the multiple correlation
coefficient value between satisfaction with distance
learning and comfort conditions, which has been presented
with “R” as 0.374 (Table 8). The mentioned value indicates
a weak relationship between the dependent variable and all
independent variables. Adjusted R, which can be explained
as the level of interpretation of the dependent variable by
the interdependent variables, has been found as 0.107 (Table
8), which means that the ability of comfort conditions of
students to explain their satisfaction level is 10.7%.

Criteria N X ¢ In order to determine the existence of a linear relationship
valid  Miss. between satisfaction with remote learning (dependent
Soatial Comf variable) and spatial, visual, auditory, and thermal comfort
patial Comtort 110 0 322 0,70 (independent variables), hypotheses of H and H, have
Visual Comfort 110 0 2,96 0,55  been determined as follows:
Audit fort 110 0 2,72 0,8 R =R =R =R =
uditory Comfor 9 Ho~/31-l32—/53-/34-0
Thermal Comfort 110 0 316 0,80 H: at least one of B, B, B, ,or B, explains Y
Table 6. Results of Normality Test
Statistics Satisfaction Spatial Comfort Visual Comfort Auditory Comfort  Thermal Comfort
N
Valid 110 110 110 110 110
Missing 0 0 0 0 0
Skewness .181 -423 -.085 516 -211
Std. Error of Skewness 230 230 230 230 230
Kurtosis -.875 -.099 -.102 -.784 -.367
Std. Error of Kurtosis 457 457 457 457 457
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Table 7. Correlation findings

Correlations Y X1 X2 X3 X4
Pearson Correlation
Y 1.000 .235  .327 137 .085
X1 235 1.000 .208 269 324
X2 327 208 1.000 .123  .051
X3 137 269 123 1.000 .236
X4 .085 324  .051 236 1.000
Sig. (1-tailed)
Y . .007 <.001 .077 .190
X1 .007 .014 .002  .000
X2 .000 .014 100 297
X3 .077 .002  .100 .006
X4 190 .000 297 .006
N
Y 110 110 110 110 110
X1 110 110 110 110 110
X2 110 110 110 110 110
X3 110 110 110 110 110
X4 110 110 110 110 110

The variance analysis has proven that the level of significance
is 95% (Sig. =P=0.003 which translates into the rejection
of H. Therefore, the result of this test demonstrates that
a linear relationship exists between the satisfaction with
distance learning and at least one of four independent
variables (spatial, visual, auditory, and thermal comfort)
entering the model (Table 10).

Table 8. Model findings

Including B, standard error of B, p (Beta), t, and sig. values,
Table 9 gives the effect of each independent variable on the
dependent variable. Within the chosen level of significance
(%95), it has been found that spatial, auditory, and thermal
comfort variables do not have a significant effect on
regression (Sig.>0.05), while the visual comfort variable
affects regression significantly (Sig.=0.03 <0.05).

Taking the variation coefficient into consideration, placed
in the unstandardized column B of Table 9, it has been
found that the coefficient value of the relationship between
the visual comfort variable and satisfaction with distance
learning is 0.574. This can be translated as a change of 1 unit
in the visual comfort conditions of students may correspond
to a linear change of 0.574 units to their satisfaction levels
with remote learning (Formula 3).

3)

DISCUSSION

A vpart of the design students studying in Turkey are
dissatisfied with remote learning. The results of this study
include that 20.4% of participating students are satisfied
or quite satisfied with distance learning. It is expected
that, since the Covid-19 pandemic has forced a switch to
remote learning while every country has had different levels
of preparedness to such change in education processes
(Aristovnik et al., 2020), similar studies from different
countries have different results (Arifiati et al., 2020; Boca,
2021; Jiang et al., 2021; Realyvasquez-Vargas et al., 2020).
Several parameters may affect student satisfaction. As
stated by Yang and Moon (2019), dividing satisfaction into

Model Summary®

Model R R?* Adjusted R* Std. Error of the Estimate Change Statistics Durbin-Watson
R?Change F Change  dfl df2 Sig. F Change
1 374 140 107 1.04577 .140 4.259 4 105 .003 1.946

* Predictors: (Constant), thermal comfort, visual comfort, auditory comfort, spatial comfort; ® Dependent Variable: satisfaction.

Table 9. Coeflicients

Model Unstandardized Standardized t Sig. 95.0% Confidence Collinearity
Coefficients Coeflicients Interval for B Statistics
B Std. Error Beta Lower Bound Upper Bound  Tolerance VIF
1
a -.274 .729 -.376  .708 -1.719 1.171
X1 .249 .157 .158 1.590 .115 -.061 .559 .827 1.209
X2 574 .186 287 3.092 .003 .206 943 951 1.052
X3 .072 118 .058 610 543 -.162 .306 .898 1.114
X4 .006 134 .005 .048 962 -.259 272 .870 1.149
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Table 10. Variance analysis

ANOVA*
Model Sum of Squares df MeanSquare F  Sig.
1 Regression 18.631 4 4.658 4.259 .003°
Residual 114.832 105 1.094
Total 133.464 109

* Dependent Variable: satisfaction; ® Predictors: (Constant), thermal
comfort, visual comfort, auditory comfort, spatial comfort.

categories and determining the effect of such categories on
general satisfaction is a complex process. It has been known
that in traditional education, the classroom environment
has a significant effect on student satisfaction (Frontczak
& Wargocki, 2011; Kriiger & Zannin, 2004; M. C. Lee et
al., 2012). Therefore, it is possible to relate physical comfort
in home environments to satisfaction with remote learning
(Oskaloglu & Cat1, 2021).

One of the most recent studies (Tleuken et al., 2022) reveals
that there is a significant relationship between physical
environmental conditions and students' satisfaction with
remote learning. However, it also mentions that their field
of study can have an additional effect on such relationships.
Students’ field of study may determine their expectations by
means of physical comfort conditions. A study conducted
with agricultural faculty students (Muthuprasad et al., 2021)
has shown that 70% of the students attent remote distance
learning only with smart cell phones, while another study
which has been conducted with architecture faculty students
have emphasized that students lack certain technical
equipment and requirements (Ibrahim et al., 2021).

Due to its nature containing concepts of creative thinking
and learning by doing (Akin & Akin, 1996; Taneri &
Dogan, 2021), it is possible for design education to require
different requirements and comfort-related expectations
compared to other study fields. This has constructed the
base for this article, which has limited the frame of work
with design students. The students who have participated
in this study stated their spatial comfort conditions as
“sufficient” (X=3,52), while they also expressed their visual
(X=2,96), auditory (X=2,72), and thermal conditions (
X=3,16) as “neither sufficient nor insufficient”. Having
evaluated these results to relate them with their general
satisfaction, this study has shown that, as the correlation
between comfort perceptions of students and their level
of satisfaction with remote learning has demonstrated,
the direct effect of the built environment on student
satisfaction is relatively low (R=0.374). This result can be
explained by the consideration that alongside physical
comfort conditions, students are subject to more than one
factor (V.-H. Lee et al.,, 2021). Similar studies which have
specifically focused on architecture students have proven
the existence of psychological (Ibrahim et al., 2021) and

psychosocial (Alnusairat et al., 2021) factors. It is obvious
that various combinations of more than one comfort factor
affect general satisfaction. Hence, it can be inferred that
the power of at least one of the comfort conditions of the
findings is quite sufficient (Adjusted R?= 0.107).

The findings of multiple correlations indicate that spatial,
auditory, and thermal comfort do not have a significant
effect on student satisfaction. This result is notable since it
goes against the studies which have asserted that thermal
and auditory comfort has a significant effect on satisfaction
(Buratti et al., 2018; Frontczak & Wargocki, 2011; Kriiger
& Zannin, 2004; Realyvasquez-Vargas et al., 2020; W.
Yang & Moon, 2019). However, the difference in findings
can be explained with the fact that previous studies have
been conducted focusing on the classroom environment
and that they have covered not only architectural students.
This may translate into the perceptions and expectations of
the students that differ between the classroom and home
environments.

Multiple regression analyses have shown that there is a
positive significant correlation between visual comfort
and satisfaction (B=0.574) (sig.=0.003). This finding
makes this study in accordance with other related research
along with the result which indicates that visual comfort
has a significant effect on student satisfaction. And also
shows that a change of 1 unit in visual comfort conditions
corresponds to a change of 0.6 units in student satisfaction
with remote learning.

Discussions related to the significance of comfort factors
on learning performance and student satisfaction with
remote learning remain. While Yang and Mak (2020) have
found that thermal comfort is more effective compared to
other comfort factors, Yang and Moon (2019) assert that
auditory comfort has more significance. On the other hand,
the findings of Ricciardi and Buratti (2018) support the
findings of this study by demonstrating visual comfort is
more effective on learning performance and satisfaction.

It has not been possible to compare the findings of this study
with other research, since the number of studies focusing
on design students and home environment is very few.
The limitations of this study can be accepted as its national
scale and regional coverage. It would be possible to obtain
comparable and generalizable results in case of repetition
of this study on different cities and countries with wider
participation.

CONCLUSION

This study has been done during the period when higher
education students were educated completely online,
during the period of full closures in line with the Covid-19
restrictions. Since 2022, higher education continues within
the boundaries of the hybrid education model. The study
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aims to investigate and evaluate the effect of a home-
built environment on satisfaction with remote learning
during the Covid-19 pandemic. Limited to the focus on
architecture and interior architecture design students,
this study measures the effect of comfort conditions in
increasing student satisfaction with remote learning. And
shows that comfort conditions have a relatively low direct
impact on student satisfaction. Because there are various
parameters affecting satisfaction (academic success,
accessibility to resources, socioeconomic conditions, etc.).

Focusing on Turkey, this article has evaluated the spatial,
visual, auditory, and thermal comfort conditions of
design students attending remote learning programs. It
has been found that the spatial comfort conditions of the
students are at a better level compared to other comfort
conditions, and visual comfort conditions have more effect
on satisfaction with remote learning compared to other
comfort conditions. It is intelligible that students emphasize
natural and artificial lighting while their basic requirements
include drawing, modeling, and working on project details.
The effect of visual comfort is more powerful than the single
effect of the built environment on student satisfaction. This
change could include very simple improvements such as a
change in the location of the working desk, improvement
in lighting fittings, or applying desktop lighting equipment.
Performing general notifications to students regarding
comfort conditions could constitute a simple yet very
effective solution to increase student satisfaction with
remote learning.

Remote learning offers a great opportunity for achieving
continuous, uninterrupted education during the Covid-19
pandemic or possible obligatory limitations. To achieve
healthier education processes, it is important for decision-
makers to focus on living areas and for researchers to
investigate student performance and satisfaction within the
context of remote learning, which might remain permanent
in various study fields. This article contributes to the
literature by performing a systematic analysis of the comfort
perceptions and qualitative assessment of the students.

In the remote learning process, there are sub-factors
such as student dimension, instructor dimension, course
content, and environmental comfort conditions that affect
the student's attendance and learning level. The mutual
positive interaction of all these factors improves students'
satisfaction with remote education positively. Examining
the relationships between instructors and environmental
comfort conditions, which is not referred to in this study,
maybe a subject of future studies. Because the high comfort
conditions in the place where the instructor is located
can positively increase work performance and the level
of knowledge transfer. This situation can directly increase
satisfaction with remote education by affecting students'
interest in the course.

The approach of this study can be applied to different
student groups which have specific requirements in terms of
studying. By this means, this study leads the way for future
studies. For future studies, this article suggests investigating
the opportunities and limitations affecting the design talents
and creativity of students during remote learning processes.
Another research topic that we think is important to
examine in future studies is the improvement of the hybrid
education process. A comparative study to evaluate the
learning satisfaction of students receiving remote education
and students receiving face-to-face education will reveal
important information in the field of educational studies.
In this way, it can be provided to understand the new
challenges produced by the remote education process and
how these can be addressed to increase students' learning
satisfaction. Such a study can make a positive contribution
to the development of the relationship between student
satisfaction and environmental comfort conditions in the
hybrid education process.
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