Brachtl et al. Smart Learning Environments

(2023)10:7 Smart Learning Environments

https://doi.org/10.1186/540561-023-00222-4

Physical home-learning environments

®

Check for
updates

of traditional and non-traditional students
during the COVID pandemic: exploring
the impact of learning space on students’
motivation, stress and well-being

Sonja Bracht!"®, Christina Ipser’®, Filiz Keser Aschenberger' ®, Sabrina Opp
and Gregor Radinger’

Emre Kevin Pakoy*

14®, Stefan Oppl'®,

*Correspondence:
sonja.brachtl@donau-uni.ac.at

! Department for Continuing
Education Research

and Educational Technologies,
University for Continuing
Education Krems,
Dr-Karl-Dorrek-Stral3e 30,

3500 Krems, Austria

2 Department for Building

and Environment, University

for Continuing Education
Krems, Dr.-Karl-Dorrek-Straf3e 30,
3500 Krems, Austria

3Teaching Innovation

and Digital Competence
Development, University

for Continuing Education
Krems, Dr.-Karl-Dorrek-Straf3e 30,
3500 Krems, Austria

4 Institute of Business Informatics
- Communications Engineering,
Johannes Kepler University Linz,
Altenbergerstral3e 69, 4040 Linz,
Austria

@ Springer Open

Abstract

When the COVID-19 pandemic forced higher education institutions to implement
their programs in an online setting, different groups of students were influenced to
different extents. In many cases, the main locus of learning moved to students'homes,
and their learning experiences were suddenly contextualized in their residential situ-
ation and immediate physical learning environment. The present study consequently
examines the role of physical learning environments on different factors influencing
students’learning when pursuing their study from at home. It contrasts the situation
of traditional students in a higher education institution and non-traditional students
in an academic continuing education institution, which address target groups with
different living conditions and needs in learning support. Data were collected via an
online survey sent to students enrolled in these two institutions, with a total of 353
students participating during a timeframe impacted by COVID-related lockdowns. We
found that stress and well-being is strongly linked to the quality of the surrounding
environment of the learning place, whereas perceived motivation is more strongly
related to the quality of the learning place itself. How strongly students are affected by
these factors is moderated by their overall socio-spatial context. Academic continuing
education students are more resilient to sub-optimal physical learning environment
than traditional students. Altering the design of the immediate learning environment
consequently can help to mitigate factors that negatively impact students'well-being
and learning motivation, which is particularly important for traditional students, who
primarily dedicate their time to pursuing their studies.

Keywords: Home learning environment, Distance learning, COVID-19 pandemic,
Physical learning space, Well-being, Traditional students, Non-traditional students
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Introduction

The COVID-19 pandemic has had significant impact on universities’ teaching opera-
tions since the beginning of 2020. One common strategy to mitigate the risk of spread-
ing the virus was to significantly reduce or avoid presence-based teaching formats and
substitute them with online-based formats. Students were largely not allowed to physi-
cally come to campus and had to participate in their courses from their private learning
environments usually located at their primary place of living (Ortiz, 2020; Peimani &
Kamalipour, 2021).

In on-campus courses, the primary locus of learning is a shared physical space at the
university, which provides equal opportunities for participation to students indepen-
dently of their residential situation. In contrast, courses that are primarily conducted
online move the main locus of learning to a physical setting which is different for each
participant (Baticulon et al., 2021; Zhao et al., 2021).

How learning can be affected by physical space has been examined in educational
sciences as well as in design and architecture (e.g. Barrett et al., 2013; Baticulon et al.,
2021; Chhetri, 2020; Choi et al., 2014; Han et al., 2019; Higgins et al., 2005; Sivunen et al.,
2014; Wang et al.,, 2021; Xiong et al., 2018). Summarizing these studies, the quality of
physical space has been shown to have impact on the perceived satisfaction, achieve-
ment and engagement of learners and in general is considered to be “crucial to learn-
ing” (Alphonse et al., 2019). Inadequate workspace and inappropriate equipment can
have negative impact on learning (Aguilar & Torres, 2021; Alphonse et al., 2019). Con-
sequently, different physical settings potentially differentiate students’ opportunities to
achieve satisfying learning outcomes and lead to differences in students’ learning expe-
rience, i.e., “anything that promotes learning, including what is observed, felt, heard
and done” (Simonson et al., 2019, p. 51), which we here operationalize as the perceived
impact of the physical learning environment on motivation to learn, concentration and
perceived learning performance.

Research on physical learning environments so far has heavily focussed on their design
and effects in institutional settings (i.e., for on-campus learning or in hybrid learning
settings, e.g., in (Bilow, 2022). Data on the role of private physical learning environ-
ments are limited to date (Alphonse et al., 2019; Zhao et al., 2021). While research on
the design of physical learning environments has been pursued already for decades (e.g.,
Fleming & Storr, 1999; McLaughlin & Mills, 2009), studies on this specific setting are
only starting to emerge in the last 2 years, where the main locus of learning processes
has shifted from campus to private households during the Corona pandemic (e.g., Cran-
field et al., 2021; Ng, 2021; Sonnenschein et al., 2021).

Initial findings on the quality of home learning spaces during the pandemic indicate that
“although the learning environment may be virtual, physical space remained vital” (Bat-
iculon et al., 2021, p. 620) Zhao et al. (2021) found that a “comfortable environment for
students in terms of temperature, humidity, space light, desk and chair, etc. will help to
improve their learning satisfaction” (Zhao et al., 2021, p. 93) in home learning settings.
Technical difficulties and distractions, in turn, represent challenges which students face
when learning takes place at home (Chhetri, 2020). Distractions appear to mainly arise
from other household members or occur due to family responsibilities (ibid.). These
household conditions can hinder participation in online courses (Alphonse et al., 2019;
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Baticulon et al.,, 2021; Chhetri, 2020; Henaku, 2020; Lassoued et al., 2020; Rotas & Caha-
pay, 2020). Noise is perceived as particularly disturbing not only in online settings but also
during offline learning activities and can affect the concentration during learning (Brin-
gula et al,, 2021; Dube, 2020). Dube (2020) found that female students in particular face
challenges when engaging in academic work because of household responsibilities. The
impact of gender could also be confirmed in our own previous study (Keser Aschenberger
et al,, 2022), where we examined the perceptions of home learning environments of non-
traditional adult students in post-graduate study programs. Data in our study indicate
that motivation, well-being, and stress are mainly impacted by the perception of to which
extent the learning space (e.g., in terms of technical equipment quality, furniture, and
availability of learning space) meets the individual needs (Keser Aschenberger et al., 2022).

It is important to underline that most of the studies mentioned above have been con-
ducted in traditional higher education institutions where participants are mainly full-
time students with different needs and living conditions in comparison to continuing
education students. However, studies clearly indicate that there exist differences between
traditional and non-traditional students on factors related to well-being and learning as
stress (Dill and Henley, 1998; Stagman, 2011) and motivation (Johnson et al., 2016). To
comprehensively understand the impact factors on students’ learning quality in home
learning environments, research thus can benefit from examining diverse sets of stu-
dents with fundamentally different socio-economic situations and study conditions.
In the present study, we therefore set out to examine the impact of physical learning
environments on different factors influencing learning of diverse student populations
in the context of their studies. Specifically, we address two target groups with distinct
living conditions and needs in learning support, students in a traditional higher educa-
tion institution and an academic continuing education institution (Hannay & Newvine,
2006). Contrasting two types of higher education institutions (HEI) allows to explicitly
focus on the differences between students in different stages in life and with diverse
socio-economic contexts with respect to the perception and impact of their physical
home learning environment.

Consequently, the question guiding our research is
RQ: What are the key factors that influence students’ perceptions of their learning
processes in a home learning environment?

Operationalizing this question, we examine the differences between students in a tra-
ditional higher education institution and an academic continuing education institution
regarding their home learning environments during COVID-19 restrictions in terms of

a. their physical-spatial conditions including technical equipment,

b. their perception of their physical home learning environment,

c. the perceived impact of the physical learning environment on the learning experi-
ence,

d. the impact of “learning place quality” and “indoor environmental quality” and other
socio-spatial aspects (such as gender, household structure, availability of learning
place) on students’ wellbeing, stress and motivation.
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We hypothesize that in particular those aspects, in which the reported perceptions of
the examined student populations differ, will be useful to identify, describe and assess
the relevant factors of home learning environment quality. A detailed account on these
factors allows to examine the differences between physical learning space quality in
institutional and private settings. From a practical perspective, it can be useful for uni-
versities to address the needs of students with appropriate methodological or organiza-
tional measures in settings, where the main locus of learning is at home.

This article is structured as follows: in the next section, we give a brief account on our
research design and the methods deployed in our study. We then present the results of
the study structured along the analytical dimensions outlined above, and subsequently
discuss the results in the light of our research question and prior existing studies. We
close with an account on the limitations of our study and further research opportunities.

Research design and methods

We adopted a cross-sectional survey design for this study (Creswell & Creswell (2018)).
Research was conducted in 2020-2021 during the Covid-19 pandemic and the data was
collected through an online survey.

Research context

The study was conducted at two Austrian universities with different educational foci.
Johannes Kepler University Linz (JKU) is a regional Austrian university and has four dif-
ferent faculties (engineering and natural sciences; business and social studies; law; and
medicine) with around 70 academic degree programs on bachelor-, master- and PhD-
level. About 21.000 students are enrolled in these programs, which are mostly offered
in traditional full-time formats. Students mostly start their studies there directly after
finishing high school and programs are not specifically tailored to allow for traditional
employment while studying. Nevertheless, around two thirds of the enrolled students
report some sort of (minor) employment aside their studies (Johannes Kepler University,
2019).

The University for Continuing Education Krems (UWK) is a leading European univer-
sity which is specialised in academic continuing education. In contrast to JKU the UWK
focusses solely on post-graduate education, which is organized in three faculties (medi-
cine and health; economics and globalization; and education, arts and architecture)
and manifests in over 200 highly specialized master programs. Consequently, students’
socio-demographic structure is different compared to traditional higher education insti-
tutions. Students’ average age is around 40, and 19.4% of students are over 50, and 2% are
over 60 years. Moreover, a large percentage of the UWK students are employed during
their studies and they have several years of work experience including management and
leadership. Currently, around 8000 students are registered in the UWK’s programmes.

Data collection

The questionnaire for the survey was developed through the cooperation of sci-
entists from different disciplines (e.g., education, psychology, and architecture) to
investigate the physical home learning environments of students in the academic
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continuing education sector during the COVID-19 pandemic (initially reported on
in Keser Aschenberger et al., 2022).

The questionnaire was originally developed in German, and it consists of four main
parts: (1) socio-demographic information and individual physical-spatial conditions
of the home learning environment; (2) perceived fulfilment of the personal require-
ments for the physical learning environment; (3) psychological characteristics like
well-being, stress and motivation, measured with standardised questionnaires; and
(4) learning experiences during the initial COVID-19-related restrictions. All the
variables included in the questionnaire were distilled from the literature, for detailed
information on the questionnaire see Keser Aschenberger et al. (2022).

At UWK, the data collection started at the end of June 2020, just after the first
wave of COVID-related restrictions to university operations. There was no sam-
pling as all students who were enrolled in courses in the summer semester of 2020
received the link to survey (7737 students). The participation period ended on July
31st. (Results of this round of data collection is presented in Keser Aschenberger
et al., 2022).

At JKU, the survey was conducted between the 1st and 22nd December 2020 and
thus fell in the timeframe of the second period of COVID-related restrictions. Dis-
tribution over university-wide channels was not possible here due to communication
policy constraints. To gain a broad sample, students of all faculty were contacted
through different online channels organized or supported by the student unions
(Discord, Facebook, WhatsApp Groups). These channels are mainly used for helping
each other, official announcements, events, and surveys. Hence, they offered a suit-
able way for distributing the survey to the target group.

Data analysis

Descriptive statistics were used to gain insight into the UWK and JKU students’
spatial environmental conditions where learning took place during the COVID-19
restriction. Chi® tests were used to investigate the differences between the UWK
and JKU students in terms of demographic characteristics, the spatial environmental
conditions under which learning took place and the available furniture and technol-
ogy. An exploratory factor analysis (EFA) was conducted to identify possible dimen-
sions that could explain the interrelationship between the 11 attributes and students’
perception of fulfilled personal requirements of the physical home learning environ-
ment. We used independent t-test to analyse the differences between UWK and JKU
students regarding the factors of the EFA (F1: Learning Place Quality, F2: Indoor
Environmental Quality). The differences between the two groups regarding specific
items of F1 and F2 were analysed with Mann—Whitney U tests. We examined the
differences between the students regarding the perceived influence of the physi-
cal learning environment on their learning experience as well as how they differ on
well-being, stress and motivation with independent t-tests. In addition, the impact
of personal factors, institution, and physical spatial conditions to predict student’s
motivation, stress and well-being was measured using multiple linear regression.
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Results

Sample characteristics

The online questionnaire was completed by a total of 257 students at the University
for Continuing Education Krems (UWK) and by a total of 96 students at Johannes
Kepler University Linz (JKU). Table 1 indicates the sample characteristics of the
participating UWK and JKU students. In the following, we refer to the participants
in our study as “JKU students” or “UWK students” for the sake of clear distinction.
Neither term implies that the study allows to derive generalizable statements for the
whole population of either university—the present study focusses on comparing the
differences between the student groups, which pursue their studies under differ-
ent framework conditions, rather than comparing the two involved universities in
particular.

Majority of UWK students are female (56.8%), the majority of JKU students are
male (59.4%). A Chi-Test showed a significant difference in the genders’ distribu-
tion between UWK and JKU, X (1, 349) = 8.153, p = 0.004. Further significant differ-
ences between UWK and JKU were found for the following characteristics: age, X* (3,
351) =226.019, p<0.001; household form, X? (1, 349) = 32.660, p <0.001; residential
building type, X* (1, 335) =21.230, p <0.001; flat size, X* (1, 353) =45.486, p <0.001,
no access to outdoor space X? (1, 353) = 8.874, p = 0.003.

Characteristics of home learning environments

In this section of the paper, we present the physical-spatial conditions in which the
digitally supported learning of students of UWK and students of JKU took place dur-
ing COVID-19 restrictions and how these conditions differ.

Differences in physical-spatial conditions
The results of chi-square (X?) tests indicated statistically significant differences
between students from UWK and JKU (Table 2) regarding the following items:

Predominantly used learning and workplace We asked the students at which learn-
ing or workplace their learning activities had predominantly taken place since the
beginning of the restrictions. We found that more JKU students had a learning place
that was already available prior to the pandemic: X* (1, 353) =5.038, p =0.025 (UWK:
62.3%, JKU: 75.0%). Moreover, more UWK students had to study on places that are
not designated for learning such as kitchen tables or dining areas compared to JKU
students: X2 (1, 353) = 4.810, p = 0.028 (UWK: 28.0%, JKU: 16.7%).

Purpose of the room used for learning Concerning the purpose of the room used for
studying, we found that 41.2% of UWK students but only 21.1% of JKU students had
their own room for studying. For 58.8% of UWK students, the room was also used
for other purposes, for JKU students this was the case for 72.9%. The Chi-square test
showed a statistically significant difference in the purpose of the room used for learn-
ing between UWK and JKU students: X> (1, 353) =5.988, p =0.014.
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Table 1 Sample demographics and household characteristics of UWK and JKU students

UWK JKU Ve
f % f %
Gender® (df =1, n = 349)
Male 107 416 57 594 8.153*
Female 146 56.8 39 40.6
Diverse 1 04 - -
No indication 3 1.2 - -
made
Agea (df: 3,n= 351)
< 21 years - - 6 6.3 226,019
21-25 years 9 35 69 719
26-30 years 31 121 13 135
> 30 years 215 83.7 8 8.3
No indication 2 0.8 - -
made

Experience with online learning® (df = 1, n = 353)

No experience 140 54.5 51 53.1 051
before

Experience 17 455 45 46.9
before

Household form? (df = 3, n = 349)

Multi-person 199 774 87 90.6 32.660**
household

One-person 50 19.5 - -
household

Shared apart- 4 1.6 7 7.3
ment

Other household - - 2 2.1
form®

No indication 4 16 - -
made

Household structure® (df = 1, n = 347)
No children 136 529 57 594 1316

Children of com- 54 210 13 13.5 2484
pulsory school

age

Children of pre- 38 14.8 8 8.3 2.525
school age

Children no 23 89 7 7.3 235
longer of com-

pulsory school

age

Household with 16 6.2 12 12.5 3834
more than two

generations

Household with 77 30.0 24 25.0 .798
pets
No indication 5 1.9 3 3.1 449

made
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Table 1 (continued)

UWK JKU X2

f % f %

Living environment® (df = 3, n = 351)

Urban 85 33.1 41 427 3.248
Suburban 63 245 23 240
Village environ- 72 280 23 24.0
ment
Rural 35 136 9 94
No indication 2 0.8 - -
made
Residential building type® (df = 3, n = 335)
Detached single- 108 42 36 375 21.230%*
family house
Semi-detached 19 74 7 73
or terraced house
Multi-party house114 444 43 44.8
Other residential - - 8 83
building type?
No indication 16 6.2 2 2.1
made
Flat size® (df = 3, n = 353)
<40 m? 15 58 31 323 45.486**
40-70 m? 53 206 17 17.7
70-120 m? 91 354 29 30.2
>120m? 98 38.1 19 19.8
Access to outdoor spacesb (df =1,n=353)
Garden 139 54.1 42 43.8 2.988
Terrace 92 358 30 313 639
Loggia 106 412 38 396 .080
No access to 37 144 27 28.1 8.874%*

outdoor space

N =257 (UWK); N =96 (JKU)
**p < 01;*p <.05

2 Only one option to choose, Pmore than one option to choose, “office building, study room, “student home, office building,
two-family house, farm, flat, castle, museum, barrack

Differences in furniture and IT-equipment

Differences in how the students’ learning places were equipped and what kind of furni-
ture they had were other issues investigated (see Fig. 1). As Fig. 2 shows, IT-equipment
was predominantly available for students of UWK and students of JKU. The results of
chi-square tests indicated statistically significant differences between the two groups
regarding the use of the following items of furniture: office desk, X* (1, 353)=9.017,
»=0.003 (UWK: 69.6%, JKU: 85.4%); dining/kitchen table, X2 (1, 353) =5.628, p=0.018
(UWK: 38.5%, JKU: 25.0%); office chair, X* (1, 353)=4.525, p=0.033 (UWK: 49.8%,
JKU: 62.5%) and curtain/carpets, X2 (1, 353)=9.583, p=0.002 (UWK: 52.5%, JKU:
70.8%).
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Table 2 Physical-spatial conditions of home learning environments by university

UWK JKU X2
f % f %
Previous existence of learning place® (df = 1, n = 353)
Own learning 160 62.3 72 75.0 5.038*%
place already
available
Own learning 38 14.8 8 8.3 2.568
place newly
established
No specially des- 72 280 16 16.7 4.810%
ignated learning
place available
Learning place 16 6.2 9 94 1.053
also used for
other purposes
Purpose of the room used for learning® (df = 1, n = 353)
Dedicated room 106 412 26 27.1 5.988*
for studying
Room also used 151 588 70 729
for other purposes
Location for learning activities® (df =1, n = 353)
Predominantly at 179 69.6 71 74.0 628
designated learn-
ing place
Often atother 78 304 25 26.0
places
Availability of learning place® (df = 1, n = 353)
Learning place 192 74.7 75 78.1 443
available at all
times
Coordination of 65 253 21 219
learning place
with others

N =257 (UWK); N=96 (JKU)
**p<.01;*p <.05

b

2 Only one option may be chosen, °more than one may be chosen

s | J\W K e | KU

Office desk**

Curtains, carpeting,

Living room table* }
€ home textiles**

Living room chair Office chair*

Shelves and storage
areas

Plants

Pictures and photos Desk lamp

Decorative elements
Fig. 1 Differences in furniture at home learning places by university

Page 9 of 22



Brachtl et al. Smart Learning Environments (2023) 10:7

s JWK - e J KU

Docking station Smartphone**

External webcam

Computer

. Printer
workstation

Tablet Scanner

External speakers Second screen

Fig. 2 Differences in IT-equipment at home learning places by university

Regarding IT equipment, statistically significant differences were found between UWK
and JKU students in the use of smartphones X? (1, 353) = 10.727, p =0.001 (UWK: 69.3%,
JKU: 86.5%) and in the use of headsets X (1, 353) =7.097, p=0.008 (UWK: 45.5%, JKU:
61.5%). While 86.5% of JKU students stated to use smartphones at their learning place
only 69.3% of the UWK students stated the use of smartphones.

Perception of home learning environments for digitally supported learning

We examined how students from the two institutions (UWK and JKU) perceived the
adequacy of their predominantly used learning environment’s physical and spatial char-
acteristics. We therefore asked students to which extent they agreed that their personal
requirements were met at their learning place regarding 11 different attributes on spa-
tial characteristics and indoor environmental conditions. An exploratory factor analy-
sis (EFA) with extraction method of principal component analysis and varimax rotation
with Kaiser normalization was used to discover underlying factors. The Kaiser—Meyer—
Olkin (KMO) measure of sampling adequacy was 0.843, and Bartlett’s Test of Sphericity
was statistically significant (x2(55) =1343.55, p <0.001). The EFA produced a two-factor
solution (eigenvalues A > 1), explaining 52.90% of the variance. The results of the factor
analysis with factor loadings are presented in Table 3.

The two factors were interpreted as follows:
Factor I Learning place quality (explained 27.5% of variance).
Factor 2 Indoor environmental quality (IEQ) (explained 25.4% of variance).

The variance in students’ perceptions of the physical learning environment is mainly
explained by the "Learning Place Quality" and the "Indoor Environmental Quality".

Internal consistency for each of the scales was examined using Cronbach’s alpha. The
alphas were acceptable: 0.81 for Learning Place Quality (6 items) and 0.73 Indoor Envi-
ronmental Quality (5 items). Table 4 presents the results of the reliability analysis. Fur-
thermore, for the items of the factors, the item selectivity (rit) and mean values (M) as
well as standard deviations (SD) were calculated.

Page 10 of 22
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Table 3 Exploratory factor analysis (EFA) on physical-spatial attributes of home learning
environments

Factor Degree of
Communality
1 2 h?
08 distraction-free environment 0.78 0.14 0.63
02 ergonomic work-compatible furniture 0.77 0.02 0.59
09 protection against noise pollution 0.70 0.30 0.57
11 adaptability to individual spatial requirements 0.63 0.39 0.55
01 adequate size 0.60 041 0.52
03 appropriate technical equipment 0.56 0.21 0.36
07 good ventilation conditions 0.19 0.76 061
04 adequate supply of daylight 0.10 0.69 049
06 comfortable temperature conditions 0.29 0.68 0.55
05 pleasant view 0.13 0.64 043
10 attractive interior design 0.35 0.63 0.52
Eigenvalues A 3.02 2.80 582
Variance explained (%) 275 254 529
Table 4 Reliability analysis on F1 and F2
Factors Items (k) N Cronbach (a) Selectivity (r;,) M (SD)
F1 Learning Place Quality 6 340 0.81 0.46 - 0.64 3.13(0.87)
F2 Indoor Environmental Quality 5 351 0.73 048 -057 348 (0.54)

1=disagree, 2 =rather disagree, 3 =rather agree, 4 =agree (that personal requirements were met);
N =listwise deletion

Table 5 Perceptions on learning place quality and indoor environment quality by university

UWK JKU t(df), p Cohen’sd
n M(SD) n M(SD)

F1 Learning 256 3.15(0.68) 95 3.08(0.61) 0.93 (349), 0.354 -

Place Quality

F2 Indoor 257 3.53(0.51) 96 336 (048) 2.84(351), 0.005** 034

Environmental

Quality

**p< .01

Independent t-tests (Table 5) indicated a statistically significant difference between
students of UWK and students of JKU regarding F2 ‘Indoor Environmental Quality’

Differences between students of UWK and students of JKU regarding the attrib-
utes of F1 ‘Learning Place Quality’ and F2 ‘Indoor Environmental Quality’ were
analysed with Mann—Whitney U tests. UWK students had statistically significantly
better perceptions of their home learning environment in terms of size, protection
against noise pollution, good ventilation conditions, attractive interior design, and
pleasant view (cf. Table 6), while JKU students reported statistically significantly
better perceptions on the availability of ergonomic work-compatible furniture.

Page 11 of 22
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Perceived influence of physical learning environment on learning experience

during COVID-19

We further examined how students of UWK and students of JKU perceived the impact
of the physical learning environment on their motivation, concentration and learning
performance and whether the two student groups differ from their experiences, using
independent-samples t-tests. We had five items based on a 7-point rating scale to
examines these aspects. Table 7 shows the descriptive data (mean values M and stand-
ard deviations SD) for these items as well as the differences between the two groups.
Analyses showed that UWK students statistically significantly differ from JKU students
concerning the perceived influence of physical learning environment on motivation
(#(351)=2.95, p=0.003, d=0.35), concentration (£(351) =2.33, p=0.020, 4=0.28) and
learning performance (¢(351) =2.70, p=10.007, d=0.32).

Influence of physical home learning environment on motivation, stress and well-being

We used the WHO-5 World Health Organisation-Five Well-Being Index for measur-
ing the overall well-being. The average well-being score measured was 14.29 (SD=5.58)
for UWK and JKU students, where 0 is the worst possible well-being and 25 is the best
possible well-being (13 and below is considered poor well-being). The average stress
level measured by Perceived Stress Questionnaire (PSQ) was reported to be 40.44
(SD=21.85), with a range from 0 to 100, and a higher score refers to a higher stress
level. Students seem to be less worried compared to the general stress level (M =34.06,
SD =25.90), the level of tension was 40.33 (SD=25.85) and the level of demand 48.24
(§D=24.96). Our analysis showed that despite the lockdown, happiness was in the
upper average range with 60.95 (SD=24.06). Motivation to learn during the COVID-19
restrictions, measured by the achievement motivation test LEIMO marker items, was
reported still high (M =3.90, SD=0.78). Table 8 shows the mean values (M) and stand-
ard deviations (SD) for the questionnaires.

Furthermore, we also investigated to what extent the students of UWK and the stu-
dents of JKU differ in their well-being, stress perception and their motivation to learn.
The difference was tested using independent-samples t-tests. Statistically significant dif-
ferences were found in all scales, except for demand. When looking at the mean values,
it is noticeable that UWK students have a higher sense of well-being, are more motivated
to learn and have a lower stress level compared to JKU students in our sample (Table 9).

In order to determine how the physical-spatial conditions influence the motiva-
tion, stress and well-being of UWK and JKU students, three hierarchical multiple

Table 7 Perceived impact of learning environment on learning experience

UWK JKU t(df), p Cohen’sd

n M (SD) n M(SD)

Perceived influence of physical learning environment on learning experience

Motivation to learn (negative—positive) 257 085(1.71) 96 025(1.69) 295 (351),0.003** 035
Concentration (negative—positive) 257 065(1.76) 96 0.17(1.70) 2.33(351),0.020* 0.28
Learning performance (negative—positive) 257 081 (1.61) 96 029(1.64) 270(351),0.007** 032

Negative —3, -2, —1,0, 1, 2, 3 positive
**p<.01;*p<.05
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Table 8 Means and standard deviations for stress, well-being and motivation (UWK and JKU

students)
N M (SD)

WHO-5 well-being 350 14.29 (5.58)
PSQ overall 352 4044 (21.85)
Worry 349 34.06 (25.90)
Tension 349 40.33 (25.85)
Joy 350 60.95 (24.06)
Demand 349 48.24 (24.96)
LEIMO motivation 344 3.90(0.78)

Rating scales for the instruments: WHO-5: (0) at no time, (1) some of the time, (2) less than half the time, (3) more than
half the time, (4) most of the time, (5) all of the time; PSQ: (1) almost never, (2) sometimes, (3) often, (4) usually; LEIMO: (1)
strongly disagree, (2) rather disagree, (3) partly agree (4) rather agree, (5) strongly agree (calculation of mean scores based
on the 80% rule)

Table 9 Stress, well-being, and motivation scores by university

UWK JKU t(df), p Cohen’sd

n M (SD) n M (SD)
WHO-5 well-being 254 14.99 (5.46) 96 1244 (5.51) 3.88(169.7),<.001** 047
PSQ overall 256 37.23(21.56) 96 48.87 (20.42) —4.67(1794),<.001** — 055
Worry 254 2844 (22.37) 95 49.09 (28.70) —6.33(138.9),<.001** —0.85
Tension 254 37.78 (25.68) 95 57.16(25.19) —3.08(171.6),.002%* —0.37
Joy 255 64.10 (24.14) 95 5249 (21.80) 4.30(185.2),<.001** 049
Demand 254 46.94 (25.46) 95 51.72(23.33) —1.66 (182.9),.099 —.19
LEIMO motivation 249 3.99(76) 95 3.69(0.82) 3.10(159.3), .002** 0.39

Rating scales for the instruments: WHO-5: (0) at no time, (1) some of the time, (2) less than half the time, (3) more than

half the time, (4) most of the time, (5) all of the time; PSQ: (1) almost never, (2) sometimes, (3) often, (4) usually; LEIMO: (1)
strongly disagree, (2) rather disagree, (3) partly agree (4) rather agree, (5) strongly agree (calculation of mean scores based
on the 80% rule)

**p<.01;*p<.05

regression analyses were carried out, with considering gender and institution in a
first step. Mean scores of the standardised questionnaires (motivation: LEIMO; stress:
PSQ; well-being: WHO-5) were calculated and used as the criteria variables. Predic-
tors were determined as gender (male vs. female); institution (UWK vs. JKU); avail-
ability of the learning place (available all time vs. place had to be shared with others);
Learning Place Quality (calculated mean score) and Indoor Environmental Quality
(calculated mean score). For determining the generalisability of the regression model,
we proved if the underlying assumptions have been met. The results show that none
of the correlations between predictor variables exceeded the critical value of 0.80 for
multicollinearity. The normal distributions of residuals were confirmed (normal curve
of histogram; normal probability represents an approximately 45-degree line). The
residual terms were independent since the Durbin-Watson coefficient (d) was around
2.0 (motivation: d =1.881, stress: d =1.954, well-being: d =1.885).

We entered the predictors into hierarchical regression in two steps. In the first step,
gender and institution were entered into regression; in the second step, availability of the
learning place, Learning Place Quality and Indoor Environmental Quality were entered
into the regression analyses. Table 10 shows the results for each model for each variable.
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Table 10 Results of regression models of predictors of motivation, stress and well-being

Predictor Motivation

N=339 B SEB B

Step 1 (R=223, R*=5.0%, R’y =44%)

Constant 4.31 0.13

Gender (female; male) — 021 0.08 —.014*

Institution (UWK; JKU) —0.27 0.09 —0.16%*

Step 2 (R= 324, R*=10.5%, R, ;= 9.1%)

Constant 3.12 0.40

Gender (female; male) —0.21 0.08 —0.14*

Institution (UWK; JKU) —024 0.09 —0.14%

Availability of learning place 0.04 0.11 0.02

F1 Learning Place Quality (score) 0.22 0.08 0.19**

F2 Indoor Environmental Quality (score) 0.13 0.10 0.08
Stress

N=347 B SEB B

Step 1 (R=240, R =57%, R’ =5.2%)

Constant 3941 3.54

Gender (female; male) —1.55 229 —0.04

Institution (UWK; JKU) 11.90 2.60 0.24%*

Step 2 (R= 400, R*=16.0%, R’y =14.7%)

Constant 72.53 10.73

Gender (female; male) —1.84 224 —0.04

Institution (UWK; JKU) 10.55 249 0.22%*

Availability of learning place 539 2.83 0.11

F1 Learning Place Quality (score) —4.19 220 —-0.13

F2 Indoor Environmental Quality (score) — 745 2.70 —0.17%*
Well-being

N=345 B SEB B

Step 1 (R= 201, R?=4.0%, R”,;;=3.5%)

Constant 1493 0.92

Gender (female; male) 0.03 0.59 0.003
Institution (WK; JKU) —252 0.67 — 0.20%
Step 2 (R= 384, R =14.8%, R’ ;= 13.5%)

Constant 3.56 2.77

Gender (female; male) 0.15 0.58 0.01
Institution (UWK; JKU) —2.08 0.64 —0.17%
Availability of learning place —0.50 0.73 —0.04
F1 Learning Place Quality (score) 1.29 057 0.15*

F2 Indoor Environmental Quality (score) 2.20 0.70 0.20**

Criteria=motivation, stress, well-being; Predictor Step 1 =institution, gender; Predictor Step 2 = availability of learning
place at all times; factor 1°Learning Place Quality’; factor 2 ‘Indoor Environment Quality’

Coding: Gender: 1 =female, 2=male, 3 =diverse; Institution: 0 =UWK; 1 =JKU; Availability of learning place: 1 =available
all time; 2=had to be shared with others

**p<.01;*p<.05

Regression analysis for motivation shows a multiple correlation coefficient
of R=0.223 between the linear combination of the two predictors gender and
institution. Model 1 statistically significantly predicts the motivation to learn,
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F(2,336) =8.77, p= <0.001, R*=0.050, R?;;=0.044. The combination of these two
predictors accounts of 4.4% of the variation in motivation to learn. According to
standardized coefficients (), there is a negative correlation between gender and moti-
vation as well as between institution and motivation. This result indicates that the
motivation to learn is higher for female students and UWK students. In Model 2, the
multiple correlation coefficient between the linear combination of three predictors,
the combination of availability of learning place, Learning Place Quality and Indoor
Environmental Quality and motivation, increased to R=0.324 after controlling for
the effects of gender and institution. Model 2 statistically significantly predicted moti-
vation, F(5,333)=7.79, p= <0.001, R*=0.105, R*,4;=0.091. The combined factors
of availability of learning place, Learning Place Quality and Indoor Environmental
Quality accounted for 9.1% of the variance in motivation above gender and institu-
tion. According to standardised coefficients (), there is a still a negative relationship
between gender, institution, and motivation to learn. Furthermore, Learning Place
Quality showed a positive impact on motivation to learn ( =0.19).

For stress, the multiple correlation coefficient between the linear combination of
the two predictors gender and institution is R=0.240. Model 1 statistically sig-
nificantly predicted stress perception, F(2,344)=10.49, p= <0.001, R*=0.057,
Rzadj =0.052. The combination of these two predictors accounts for 5.2% of the vari-
ation in stress perception. According to standardised coefficients (B), there is a posi-
tive relationship between the institution and stress (p =0.24), which may indicate that
stress perception is higher for JKU students in our sample. In Model 2, the multi-
ple correlation coefficient between the linear combination of three predictors, i.e.,
the combination of the availability of the learning place, Learning Place Quality and
Indoor Environmental Quality, and stress increased to R=0.400 after controlling for
the effects of the gender and institution. Model 2 statistically significantly predicted
stress, F(5,341)=12.96, p<0.001, R*=0.160, R ;=0.147. The combined factors
of availability of learning place, Learning Place Quality and Indoor Environmental
Quality accounted for 14.7% of the variance in stress controlling gender and institu-
tion. According to standardised coefficients (f3), there is a still a positive relationship
between institution and stress (p =0.22); and a negative relationship between Indoor
Environmental Quality and stress (B =—0.17).

Regarding the well-being, analysis shows a multiple correlation coefficient of
R=0.201 between the linear combination of gender and institution, and well-being.
Model 1 statistically significantly predicted well-being, F(2,342)=7.20, p=0.001,
R*=10.040, Rzadj =0.035. The combination of these two predictors accounts for 3.5%
of the variation in well-being. According to standardised coefficients (f), there is a
negative relationship between the institution and well-being ( = — 0.20), which indi-
cates a lower well-being for JKU students. In Model 2, the multiple correlation coef-
ficient between the linear combination of three predictors, i.e., the combination of the
availability of the learning place, Learning Place Quality and Indoor Environmental
Quality, and stress increased to R=0.384 after controlling for the effects of the gen-
der and institution. Model 2 statistically significantly predicts stress, F(5,339) =11.75,
p<0.001, R*=0.148, R2adi:0.135. The combined factors of availability of learning
place, Learning Place Quality and Indoor Environmental Quality accounted for 13.5%
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of the variance in well-being above gender and institution. Standardised coefficients
(B) show a negative relationship between institution and stress (3=—0.17); and a
positive relationship between Learning Place Quality (f=0.15) and Indoor Environ-
mental Quality and well-being (p =0.20).

In this research, it was explored how well spatial characteristics such as the availability
of the learning place, Learning Place Quality and Indoor Environmental Quality predict
motivation, stress, and well-being. We also analysed the role of gender and institution.
Results showed that spatial characteristics explained 9.1% in motivation, 14.7% in stress,
and 13.5% in well-being after controlling for gender and institution.

In all models the institution shows an impact on motivation to learn, stress perception
and well-being. Learning Place Quality shows a similar impact on motivation ($=0.19)
and on well-being (3 =0.15). The same applies to the influence of Indoor Environmental
Quality, here it also shows a highly similar impact on stress (3=—0.17) and on well-
being ( =0.20).

Discussion

The aim of the present study was to examine the impact of physical learning environ-
ments on different factors influencing learning of diverse student populations. The study
was conducted at two HEIs with fundamentally different target groups to diversify the
student populations the sample was drawn from. The analysis of the socio-demographic
data collected in the study confirms that the living conditions of students from these
two institutions differ fundamentally (RQa): Students of the traditional university (JKU)
live in significantly smaller flats and have significantly more limited access to open space
than students at the continuing education university (UWK).

Furthermore, the residential building type of the living environment differs signifi-
cantly between UWK and JKU students, with UWK students living significantly more
often in detached single-family-houses and JKU students also stating that they live in
other residential building types, such as student homes. The availability of an explicitly
designated learning space, however, was significantly higher for students at JKU, which
is also reflected in the available equipment, where higher number of JKU students had
access to office desks and chairs. Such equipment, however, was often located in a room
that was also used for other purposes than studying, which is in line with the more spa-
tially constrained living conditions. Overall, the data confirms the different physical-spa-
tial study conditions these two group of students encounter during learning from home.

While JKU students have access to objectively better equipped workplaces than UWK
students in terms of both furniture, and technology relevant for study activities, the per-
ceived overall learning place quality (RQb) does not differ significantly among the stu-
dents of the two institutions (except for the aspect of noise-protection at the learning
place, which show significantly worse results for JKU students). The perceived indoor
environment quality was rated significantly higher by UWK students than by JKU stu-
dents, which is in line with the objectively more comfortable living conditions of UWK
students (more spacious, more often in single-family-houses — the item showing the
largest perceived advantage for UWK students is “pleasant view”).

UWK students’ more positive perceptions of their physical-spatial conditions also
seems to translate to higher well-being and higher positive impact of the learning



Brachtl et al. Smart Learning Environments (2023) 10:7 Page 18 of 22

environment on the overall learning experience (RQc). UWK students reported that
their learning environment during the restriction had a significantly more positive
impact on their motivation, concentration, and overall perceived learning performance
than it did for JKU students. While not entirely surprising, this is a noteworthy find-
ing that confirms the importance of good environmental conditions and learning place
infrastructure on students’ learning experience as also pointed out in prior research (e.g.
Alphonse et al., 2019). Some notable differences in the data of the two samples point at
the aspects that seem to be particularly relevant: the available physical space, ergonomic
furniture and in particular protection against noise seem to distinguish the perceived
quality of the immediate learning place for the two examined groups. Noise is also iden-
tified as a particularly relevant impact factor in prior studies (Bringula et al., 2021; Dube,
2020). Good ventilation, attractive interior design and in particular a pleasant view make
a difference in terms of perceived indoor environmental quality.

When looking in more detail at which factors explain differences in students’ moti-
vation, perceived stress, and well-being in their home learning environment during
COVID-19-related home study activities (RQd), our study showed that, overall, stress
and well-being are significantly positively impacted by a high perceived indoor environ-
mental quality (i.e., the aspects characterizing the surrounding environment). Similarly
large effects could be found for the institution the students belonged to—UWK students
felt less stressed and reported higher well-being than JKU students. Based on the differ-
ent socio-economic characteristics of the examined student populations, we can hypoth-
esize that—besides the fact that UWK students in general also report higher perceived
indoor environmental quality—might have benefited more strongly from a switch to dis-
tance learning, as they could reduce or avoid time-consuming traveling to campus and
thus be able to better balance their studies with their other obligations (such as work and
family), which might have led to reduced perceived stress and improved well-being—a
phenomenon for which evidence also has been found in prior studies (Berry & Hughes,
2020; Hannay & Newvine, 2006; Kibelloh & Bao, 2014). Traditional students might have
less experience with needing to balance different resource-demanding situations and
thus might have been more severely impacted by the fundamental change of study con-
ditions caused by COVID-19 (Chung et al., 2017). Other impact factors, in particular
gender, do not have any significant impact on perceived stress and well-being. As for
gender, this somewhat contrasts the findings of Dube (2020). They, however, attribute
disadvantages to higher amounts household chores, which might have not been preva-
lent in the sample examined in the present study.

Motivation, in contrast to stress and well-being, has a higher correlation to learning
place quality (i.e., the quality of the immediate learning place and its equipment). Indoor
environmental quality (i.e., the quality of the space surrounding and contextualizing the
immediate learning place) does not significantly contribute to variations in motivation.
The important role of learning place quality is in line with earlier diagnoses from litera-
ture, where workspace and equipment quality were found to affect learning (Aguilar &
Torres, 2021; Alphonse et al., 2019; Aristovnik et al., 2020; Raaper et al., 2021). Sum-
marizing the role of the physical-spatial learning environment, motivation to learn in a
home learning setting is highly correlated to the availability of a high-quality workplace,

where a distraction-free environment, ergonomic furniture and noise protection are the
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most relevant impact factors, and less impacted by the quality of the environment sur-
rounding the learning place.

Overall, the study could confirm and deepen the understanding of role of the physi-
cal-spatial learning environment for well-being and students’ perceived learning experi-
ence in home-learning settings. The specific focus of the study to explore the differences
between distinctive HEI sectors (traditional universities vs. continuing education) and
their specific student populations has allowed to identify the role of different impact
factors on the perception of home learning environment quality. Even though the qual-
ity of immediate workplace is not perceived to differ significantly between the exam-
ined populations, motivation to learn, well-being and stress differ significantly based on
the institutional affiliation. Continuing education students usually need to balance the
resource demands of their studies with more other obligations (such as work and family)
that traditional students (Lowe & Gayle, 2007; Maharani et al., 2020; Rockinson-Szap-
kiw & Watson, 2020). They thus might have benefited more strongly from a switch to
distance learning, where increased flexibility and less travel times might have contrib-
uted more strongly to reduce perceived stress as well as improve well-being and motiva-
tion to learn than for traditional students. These advantages appear to even compensate
more challenging settings regarding the availability of a dedicated learning place and its
equipment. Students at a traditional university, in contrast, appear to be more sensitive
to challenges of the home learning situation itself (higher stress, lower subjective well-
being) and report less influence of the physical—spatial setting in which they study.

Conclusions

In this article, we have examined the role of physical learning environments on differ-
ent factors influencing students’ learning in their home learning processes. We explicitly
focused on student populations with different socio-economic backgrounds and study
conditions and could confirm the difference between the impact of the immediate learn-
ing place quality and the quality of the surrounding environment, which we have already
identified in a previous study (Keser Aschenberger et al., 2022). The data set obtained
from a diverse student population allowed to examine these and additional potential
other influencing factors in more detail. The present results show that perceived stress
and well-being is strongly linked to the quality of the surrounding environment of the
learning place, whereas perceived motivation is more strongly related to the immediate
learning place quality. In comparing the different student populations, we could further
differentiate the impact of variations in these factors. How strongly students are affected
by factors of the physical environment which negatively impact their learning experi-
ence (such as lack of a dedicated learning place or sub-optimal equipment) is moderated
by their overall socio-spatial context. Continuing education students, who are usually
used to having to balance the resource demands of different obligations in life, appear
to be more resilient to sub-optimal learning place experience than traditional students.
The perceived deficiencies had a stronger effect on traditional students’ learning expe-
rience, even if their immediate workplace quality is objectively higher than that of the
former group. Summarizing, we can conclude that the physical-spatial properties of the
home learning environment have significant impact on perceived stress, well-being and
motivation, but the strengths of effects vary in relation to the overall socio-economic
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living conditions of a learner. Consequently, interventions in the design of the imme-
diate learning environment can help to mitigate factors that negatively impact learn-
ing motivation, which is particularly important for students, whose main focus in life
is pursuing their studies. The environment surrounding the learning place has a strong
impact on perceived stress and well-being. These findings provide relevant information
for the future development and design of private but also institutionally provided learn-
ing spaces for different student groups considering their differing context situations and
requirements. Our findings can support individual learners to create an optimised home
learning environment, which can help to reduce the sense of stress and increase well-
being. However, as our study shows, the individual framework conditions differ a lot and
possibilities for optimisation are likely to be limited. So from an institutional perspec-
tive, it is important to recognise the differences in students’ living conditions and needs,
and consequently provide access to on- or off-campus learning spaces that mitigate
the effects of inequality identified in this study. Furthermore, our findings can provide
important foundations for the future design of learning spaces in student residences and
publicly accessible facilities, such as libraries or co-learning spaces. Finally, our findings
can contribute to inform the change process in the housing sector induced by the digital
transformation through an increased need for suitable learning and workplaces in the
home environment.

As with the majority of studies, the design of the current study is subject to limitations.
The results are based on participants’ statements regarding their learning environment
and how home learning environments influenced motivation, stress and well-being dur-
ing the first COVID-19 constraints. Since a convenience sampling approach including
two institutions was followed for the survey and with a smaller return rate, the results
have limited statistical representativeness for the overall population and potentially also
have to be interpreted in the light of a self-reporting bias and the time that has passed
since data collection.

In the context of future research, the investigation of private learning spaces of stu-
dents at universities could be extended geographically and also to learners in the non-
academic education sector. Furthermore, the suitability of publicly accessible off-campus
learning spaces (e.g. public buildings, squares, parks, transportation, ...) could be ana-
lysed. In addition to surveys, other research methods such as image documentation,
diary entries, etc. could be used.
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