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Abstract. The university property management department has been facing a challenge with the strategic
management of campus spaces due to the need for informal learning spaces (ILSs) to facilitate students’
independent studies. However, there's limited research on how these ILSs perform, particularly concerning
human-made sounds. This study delves into the impact of human-made sounds on students, considering
their individual differences and positive experiences in various types of ILSs within an Australian university
campus. The investigation includes open-ended questions to delve deeper into students’ positive experiences
with human-made sounds across different ILSs. The research findings demonstrate that the impact of human-
made sounds on students is influenced by certain individual characteristics. Additionally, the study identifies
three types of positive experiences regarding human-made sounds in ILSs for students: a sense of relaxation
induced by human-made sounds, the sound-masking effect, and increased motivation for learning. This study
could assist university property managers in understanding students’ perceptions of human-made sounds
and aid in strategic management of campus space that aligns with students’ needs and preferences for ILSs,
improving the overall learning environment and support student success.
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1. Introduction

The widespread accessibility and increasing utility of digital
media are changing how information and communication
technologies are used, which has had a vital impact on
students’ learning behaviors and the utilization of learning
spaces (Parry et al., 2020; Kaklauskas et al., 2012; Zhang
et al,, 2022). Mobile and information technologies are be-
coming the core of individual experiences, transforming
the learning environment from a passive background to an
active agent that positively influences campus culture and
students’ behaviors (King, 2016). Studying at high educa-
tion institutions is a basic route of knowledge and skills
enhancement for built environment professionals (Tan
et al., 2017). Classrooms and lecture halls are not the only
places for students to learn and gain knowledge on cam-
pus and students have a preference for learning informally
or independently in the public spaces on campus (Ang-
giani & Heryanto, 2018). Informal learning spaces (ILSs)
have become the most popular learning and social spaces
for students (Painter et al., 2013). The public image on
contemporary university campuses has been prepared for

students’ informal learning activities with more flexibility,
collaboration, engagement, and independence on the site
(Hong et al., 2022; Ramu et al., 2022; Wang, 2022).

Learning at university is a complicated process, which
is a product of interactions among students, lectures and
various learning spaces (Hsu et al., 2022; Zhang et al.,
2023). Compared with traditional classrooms, which have
strict rules to control the sound environment and regu-
late students’ behaviors, ILSs on university campuses are
permissive spaces where students are allowed to conduct
non-learning activities in addition to learning activities, re-
sulting in the sounds generated in ILSs being diverse and
complex. Sound environments have become more and
more important in meeting diverse needs of students on
university campuses (Hong et al., 2022; Li et al., 2021). Poor
sound environments of education facilities affect students’
performance, harm their feelings and negatively influence
students’ learning outcomes (Beh et al., 2022; Nja et al.,
2023). Consequently, ILSs have brought various practical
challenges to the property department of a university to
facilitate students’ independent studies.
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Non-learning activities in ILSs lead to the production
of many sounds created by users. In some studies related
to learning or office environments, the effects of different
categories of sound sources on uses have been explored.
For example, Kang et al. (2017) explored users’ perceived
disturbance levels towards different sound sources in the
office environment, including indoor and outdoor sound
sources. Jo and Jeon (2022) illustrated effects of indoor
soundscape perception based on audiovisual content on
work-related quality. They focused on indoor sound sourc-
es which contain sounds produced by users and facilities.
A comparative study on indoor soundscape assessment in
the learning environment was explored by Topak and YI-
mazer (2022). Existing indoor and outdoor sound sources
are all included in their research. Until now, there is little
research that specifically focuses on the effects of human-
made sounds on university students. With the focus on
ILSs in this study, human-made sounds are defined as the
indoor categories of sound that are generated by students
and can be heard by students in indoor spaces. The effects
of human-made sounds are an important factor in defin-
ing the prerequisites of a good learning environment and
distinguishing ILSs from other kinds of open-plan spaces.

The physical environment of ILSs directly influences us-
ers’ productivity, health, and comfort (Rasheed et al., 2021).
In informal learning processes, learning and socializing are
two complementary elements, and ensuring a high-quality
sound environment for a learning space is essential (Lee
et al., 2022). Norazman et al. (2021) proposed that stu-
dents’ achievement is partly impacted by factors which
include sound environments. As one of the most impor-
tant physical attributes, the effects produced by sound are
complex, including physiological, social, and psychologi-
cal effects on users (Mahbub et al., 2010). It is necessary
to evaluate the effects produced by human-made sounds
because the potential effects of human-made sounds on
users are closely related to students’ subject responses to
sound environments (Bansal et al., 2019).

2. Research hypotheses

The sound generated by learning activities is the most
common sound occurring in ILSs on a university cam-
pus. This sound is a particular type of sound that distin-
guishes ILSs from other kinds of open-plan spaces. The
sound generated by learning activities includes the sound
of writing, the sound of flipping through books, and so
on. Until now, there has been little research focused on
the effects of sound generated by learning activities on
students. Conversation sound has been shown in many
studies to be one of the most uncontrollable sounds. It
is also likely the most annoying sound (Jo & Jeon, 2022).
Astolfi and Pellerey (2008) conducted in-depth explora-
tion of conversation, proposing that, compared to con-
tinuous conversations, intermittent conversations tend
to annoy users. In addition to speech-related sound, the
sound of phones ringing also has a negative effect on the
performance and satisfaction of users (Jo & Jeon, 2022).

The sound produced by entertainment was of concern to
Kang et al. (2017), who demonstrated that this is one of
the most disturbing sounds. Topak and Ylmazer (2022)
proposed that students evaluate the sound produced by
keyboards as a part of learning environments. They also
found that the sound of footsteps is evaluated as neither
annoying nor relaxing.

These seven sounds mentioned above, including the
sound produced by learning activities, the sound pro-
duced by entertainment, continuous conversation, inter-
mittent conversation, the sound produced by phones ring-
ing, the sound produced by keyboards and mouse clicking,
and the sound produced by footsteps are identified as the
most commonly present sounds in ILSs through the ob-
servation of the researchers in this study. Combining the
fact that these seven sounds have been proven to have
effects on users, these sounds are categoried as human-
made sounds and will be further explored in this research.

The complex effects of sound in terms of auditory re-
sponse have been described using certain attributes by
many studies, defined as influence thinking (Banbury &
Berry, 2005), distraction (Rane et al., 2022), and annoy-
ance (Minichilli et al., 2018). Until now, most studies have
focused on the negative effects brought by sounds oc-
curring in open-public spaces, which include ILSs. Some
studies have tried to explore the positive effects produced
by sounds. For instance, Bennett (2007) found that a quiet
environment is often considered not conducive to learn-
ing. Most students enjoy a learning environment that,
along with some sounds and activities, makes them inte-
grated into the learning environment. Topak and Ylmazer's
(2022) research indicated that some students have positive
responses towards educational facilities’ sound environ-
ment, which were exemplified as promoting relaxation and
motivation. Some students feel that when there are some
sounds and activities around them, it can help them keep
awake (Bennett, 2007). In this study, influencing thinking,
being distracting, being annoying, keeping awake, keeping
relaxed, and keeping motivated are used to describe the
effects produced by sound environments in ILSs. Influenc-
ing thinking, being distracting, keeping awake, and keep-
ing motivated are used to explore the impact of sound
environments on students’ learning. Being annoying and
keeping relaxed are used to explore the impact of sound
environments on students’ emotions.

A positive sound environment perception can promote
students’ concentration, attention, focus, and mood in a
learning environment (Topak & Ylmazer, 2022). Acun and
Yilmazer (2018) found that users in an open-plan office
prefer neither a quiet nor a noisy environment. However,
although these studies suggest that some sound environ-
ments may bring about positive effects, few studies have
analyzed which sounds can bring about positive effects or
what kind of positive effects. In this study, the six effects
of human-made sounds are called: influencing thinking,
being distracting, being annoying, keeping awake, keep-
ing relaxed, and keeping motivated. However, the effects
of these human-made sounds on students based on
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students’ individual differences are not clear. Therefore,
the first hypothesis in this study is as follows:

Hypothesis 1: Human-made sounds have significantly
different effects on students based on student's individual
characteristics.

As the educational concept shifts from a teacher-cen-
tered approach to a student-centered approach in higher
education, the effects of learning spaces on students have
been paid increasing attention and it has become important
to focus on students’ environmental experiences (Matthews
et al, 2011). Current students are exposed to the Internet
and interactive digital technology, and their behaviors and
environmental experiences could result from their overstim-
ulated brains. Students have developed the ability to switch
their attention and do multiple tasks comfortably at the
same time. Repeated engagement in multiple tasks which
need continual attention shifts, which leads to students’
brains being chronically overexcited. Human-made sound
stimulation can help students stay wake and arouse their
excitement, which may be able to explain why human-made
sounds can bring about some positive experiences Studying
in quiet spaces without human-made sound stimulation will
become boring and make students get tired easily, just as
they may be easily bored listening to lectures.

Therefore, this study speculates that when choosing
ILSs independently, students will consider the availability
of certain stimulating environmental features, such as hu-
man-made sounds, to help them have positive experiences
when learning in the ILSs. In this research, students’ posi-
tive experience of human-made sounds is defined as the
positive feeling brought about by human-made sounds.
It is a complex psychological feeling felt by students by
means of auditory sensations. Hence, this study formulates
the following hypothesis:

Hypothesis 2: The auditory sensations brought by
human-made sounds can provide students with positive
experiences, such as relaxation, sound-masking effect and
increased learning motivation.

3. Research methodology

The research methodology of this research consists of
three parts: questionnaire design, analysis methods for
questionnaire, and data collection and statistical descrip-
tion. An empirical study was conducted to carry out this
research at the Geelong Waterfront Campus of Deakin
University in Australia. Ethics approval was granted by
Deakin University before the study commenced, indicat-
ing that ethical considerations were in accordance with
data collection, analysis, and storage.

3.1. Questionnaire design

A questionnaire survey has been adopted to explore the
effects of human-made sounds on students based on
students’ individual differences, as well as students’ posi-
tive experiences of human-made sounds in different ILSs.
The questionnaire consisted of three parts. The first part
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covered the participants’ individual characteristics. There
are several studies have examined the relationship between
the learning environment and individual differences. The
effects of learning environment on users differ according
to their gender and birthplace (Wu et al,, 2021), enroliment
type (Montgomery, 2014), the type of task in which the
users are engaged (Cunningham & Walton, 2016; Villa &
Labayrade, 2016), expected duration of stay (Hunter & Cox,
2014), visit frequency (Cunningham & Walton, 2016), and
study location (Beckers et al.,, 2016; Vanichvatana, 2020),
Based on the above-existing research, individual char-
acteristics of this study include gender, enrollment type,
birthplace, work category, expected duration of stay, visit
frequency, and location selection. Differences between stu-
dents in these individual characteristics may reflect differ-
ences in various perceptual properties, implying differences
in response to the sound environments in ILSs.

To explore the effects of human-made sounds on
students, the second part of the questionnaire was de-
signed to evaluate the effects produced by the differ-
ent human-made sounds in the form of multiple-choice
questions. Human-made sounds include the sound pro-
duced by learning activities, the sound produced by en-
tertainment, continuous conversation and intermittent
conversation, the sound produced by phones ringing, the
sound produced by keyboards and mouse clicking, and
the sound produced by footsteps. The effects of human-
made sounds on students included influencing thinking,
being distracting, being annoying, keeping awake, keeping
relaxed, and keeping motivated. For each human-made
sound, students chose one or more effects brought about
by this sound. Appendix A provides detailed information
about the questionnaire design, including information on
the participants’ individual characteristics, the human-
made sounds that occurred in the ILSs, and the effects
produced by each human-made sound.

Open-ended questions were designed for Part 3 as
the information provided by students was the most valu-
able in understanding their subjective experiences of the
human-made sounds. As presented in Appendix A, based
on students’ selection of multiple answers for each sound
source in Part 2, students were asked three open-ended
questions in Part 3. The first question was: “Can you ex-
plain why human-made sounds can have positive effects
on you, including keeping you awake, relaxed, and mo-
tivated?”, followed by the question: “Can you describe
the positive effects brought about by the human-made
sounds in this space besides keeping you wake, relaxed,
and motivated?” The last question focused on students’
subjective experiences by asking: “Do you have anything
else to describe about the positive effects produced by
human-made sounds in informal learning spaces?”

3.2. Analysis methods for questionnaire

Chi-square goodness-of-fit tests were used to evaluate
how the seven different human-made sounds are related
to students’ individual characteristics. Before chi-square
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goodness-of-fit tests, chi-square tests were run to explore
the independence between all individual characteristics
and the effects caused by different human-made sounds.
As a type of statistical procedure, the chi-square test is
used to determine the level of independence between
categorical variables. It is intended for feature tests that
are independent of one another (Ratul et al., 2022). In
this study, the categorical variables of gender, birthplace,
and location selection only had two groups, so chi-square
goodness-of-fit tests were used to analyze the significant
differences between these categorical variables and the
human-made sounds. The chi-square goodness-of-fit test
allows researchers to check the adequacy of a specified
model by evaluating the discrepancy between the dataset
and the hypothesized model (Vital & Patil, 2021).

The data obtained from the open-ended questions in
Part 3 was then analyzed using thematic analysis. Braun
and Clarke (2006) defined thematic analysis as a method
for identifying, analyzing, and reporting themes in data. It
organizes and describes the data in rich detail and even
interprets various aspects of the research questions. By
focusing on meaning across a dataset, thematic analysis
allows researchers to see and make sense of collective or
shared meanings and experiences. It is notable that identi-
fying unique meanings and experiences found only within
a single data item is not the focus of thematic analysis. The
method is a way of identifying what is common to the way
a topic is talked or written about and of making sense of
those commonalities. The themes that thematic analysis
allows researchers to identify need to be important in rela-
tion to the research question.

In accordance with Braun and Clarke’s six-phase pro-
cedure for thematic analysis, the researcher first became
familiar with the data. In this stage, they read and re-read
the data, and noted down their initial ideas. Stage 2 was
the generation of initial codes, which were interpreted
to provide and identify labels for the characteristics of
the data that were potentially relevant to the research
question. Then the data identified by the same code was

collated together. The following three stages, including
searching for themes, reviewing themes, and defining
and naming themes, aimed to identify the sub-themes
and themes related to the research questions. A theme
captures something important about the data in relation
to a research question (Braun & Clarke, 2006). The codes
created in stage 2 were linked and grouped into potential
sub-themes and themes. Each sub-theme and theme was
reviewed by the researcher to ensure that it reflected not
only the relevant coded extract, but also the entire dataset.
Then the themes were finally defined and refined by at-
tributing clear definitions and names to them. Stage 6 was
the production of the report, which aims to tell the story
of the data in a way that convinces readers of the strength
and validity of the data analysis. In this study, the themes
refer to students’ positive experiences of the human-made
sounds in different ILSs.

3.3. Data collection and statistical description

An empirical study has been conducted to carry out the
above-described research at the Geelong Waterfront Cam-
pus of Deakin University in Australia. The campus, which
was originally built for wool stores in the 19th century,
has been extensively renovated to create a modern and
impressive education property. As shown in Figure 1,
Building D on the campus was selected as the case study
building because it provides various spaces for students
to choose for a variety of needs individually or in groups.
This case study building is a complex facility with class-
rooms, computer laboratories, a library, an atrium space,
a cafeteria, offices, indoor parking, and in-between spaces
in addition to ILSs. The first floor of the building mainly
contains a staff parking area, a computer lab, a few staff
offices, and a public cafeteria. These spaces are not popu-
lar for learning activities and thus the first floor has been
excluded in this study. All ILSs on floors 2, 3, and 4, which
are abbreviated to F2, F3, and F4, respectively, in this pa-
per, are labeled from A1 to A26 in Figure 1.

Figure 1. Distribution of all ILSs on each floor in Building D of Geelong Waterfront Campus of Deakin University
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Table 1. Individual characteristics of surveyed students
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Individual characteristic

Descriptive statistics % (no.)

Gender Male Female
42.5% 57.5%
Enrollment type Bachelor Master's PhD
60.3% 26.0% 13.7%
Birthplace Australia Not Australia
48.9% 51.1%
Work category Examination preparation Course assignment Academic research Other
8.7% 69.9% 19.2% 2.3%
Expected duration of stay <1h 1-3h >3 h
3.2% 31.1% 65.8%
Visit frequency Daily Weekly Monthly
39.7% 54.8% 5.5%
Location selection At home At university
14.2% 85.5%

The questionnaire survey was conducted in the morn-
ing from 9:00 to 10:00 am and the late afternoon from 3:00
to 4:00 pm. These time periods were selected because the
focus spaces in this study were sporadically occupied then
and so students could choose their spaces according to
their needs rather than making passive selection of spaces,
which helped to ensure that students’ choices were more
autonomous and truthfully reflected their space preferenc-
es. A total of 264 questionnaires were received of which
219 were valid, making a valid response rate of 82.95%.
The invalid questionnaires were those not completed, with
highly repetitive answers to multiple questions, or with
unwilling selection of preferred ILSs. The latter represents
those students who selected the option “I do not like this
location” for the question: “Why do you choose to study
at this location?”. Therefore, the valid answers in the ques-
tionnaire data only included those students who thought
that their locations were their favourite ILSs or satisfactory
choices if not the best. The percentages of these two types
of students were 61.2% and 38.8%, respectively.

The individual characteristics of the students who partic-
ipated in the questionnaire survey are presented in Table 1.

It is worth pointing out that no participant chose the
option "prefer not to say” for the item "gender” in the
questionnaire or the option "others” for the item "enroll-
ment type”. For simplicity, “prefer not to say” and “oth-
ers” are not included in Table 1 and neither is taken into
account in the remainder of this paper. The proportions
of male and female students were 42.5% and 57.5%, re-
spectively, and the proportions of Australian and non-
Australian students were 48.9% and 51.1%, respectively.
The enrollment type of most respondents was a bache-
lor's degree with a percentage of 60.3% and only 13.7%
of them were PhD students. About 69.9% of participants
went to the ILSs to do course assignments, and 19.2% and
8.7% were working on academic research and examination
preparation, respectively. More than half of them (65.8%)

expected to stay in the ILSs for more than three hours and
only 3.2% of students stayed for less than one hour. Up to
94.5% of participants came to the ILSs weekly or daily, of
whom 39.7% came every day. When choosing a learning
space, 85.5% of participants preferred to study at univer-
sity rather than at home. The survey data on expected
duration of stay, visit frequency, and location selection in-
dicates that ILSs are the most important learning spaces
for most students. These results also verify that the ILSs
on university campuses play a vital role in student learn-
ing activities.

4. Effects of human-made sounds on
students based on their individual
characteristics

The effects of each human-made sound on students based
on their individual characteristics are explored. The p-val-
ues and chi-square values (x2) shown in Table 2 present
significant differences between the individual characteris-
tics and the effects caused by the different human-made
sounds (p-value < 0.05), which include significant differ-
ences between enrollment types and the sound caused
by learning activities (x2 = 22.470, p-value = 0.013).
Table 2 also presents significant differences between
birthplace and the sound produced by learning activi-
ties (x2 = 12.193, p-value = 0.032), between birthplace
and the sound produced by entertainment (x2 = 16.916,
p-value = 0.005), between birthplace and continuous con-
versation (x2 = 18.740, p-value = 0.002), and between
birthplace and the sound produced by phones ringing
(X2 = 31.240, p-value = 0.000). Significant differences be-
tween work category and the sound caused by learning
activities (x2 = 24.575, p-value = 0.046) and between visit
frequency and the sound generated by phones ringing
(x2 = 21.811, p-value = 0.016) are also shown in Table 2.
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Table 2. Chi-square test results between each human-made sound and students’ individual characteristics

Human-made Gender Enrollment Birth place Work  Expected duration Visit Locat[on

sound type category of stay frequency selection
Learning p-value 0.618 0.013* 0.032* 0.046* 0.272 0.679 0.479
activities chi-square 3.539 22.470 12.193 24,575 12.205 7.489 4.506
Entertainment  p-value 0.517 0.216 0.005** 0.244 0.261 0.864 0.690
chi-square 4.228 13.148 16.916 18.362 12.372 5.392 3.067
Continuous p-value 0.803 0.081 0.002** 0.568 0.689 0.491 0.382
conversation chi-square 2.320 16.704 18.740 13.445 7377 9.440 5.289
Intermittent p-value 0.506 0.107 0.061 0.484 0.552 0.354 0.536
conversation chi-square 4.309 15.761 10.573 14.559 8.793 11.051 4.097
Phones ringing  p-value 0.133 0.101 0.000** 0.796 0.557 0.016* 0.709
chi-square 8.455 15.944 31.240 10.365 8.737 21.811 2.943
Keyboards & p-value 0.692 0.336 0.231 0.339 0.680 0.271 0.299
mouse clicking  chi-square 3.050 11.278 6.870 16.665 7470 12.218 6.077
Footsteps p-value 0.809 0.735 0.297 0.463 0.391 0.930 0314
chi-square 2.278 6.901 6.101 14.847 10.578 4355 5.922

Note: * Correlation significant at 0.05 level (two-tailed). ** Correlation significant at 0.01 level (two-tailed).

Table 3. Effect of different human-made sounds that have significant differences based on students’ individual characteristics

Individual characteristic

Human-made sound Effect Birthplace chi-square p-value
Australian Non-Australian
Learning activities Keeping awake 11 29 8.100 0.004**
Entertainment Influencing thinking 5 26 14.226 0.001**
Continuous Influencing thinking 35 15.364 0.001**
conversation

Phones Influencing thinking 5 25 13.333 0.001**
ringing Being annoying 44 75 8.076 0.004**

Enrollment type

Bachelor Master's PhD

Learning activities Keeping awake 30 17 4 19.882 0.001**
Keeping relaxed 28 8 1 31.838 0.0071**
Keeping motivated 39 10 7 33.464 0.0071**

Work category

Examination Course Academic
preparation assignment research Other

Learning activities Influencing thinking 0 18 39 1 37.483 0.0071**
Being distracting 5 13 30 3 35.510 0.001**
Being annoying 2 12 20 2 10.667 0.005**
Keeping awake 3 31 6 0 35.450 0.002**
Keeping motivated 2 43 11 0 49.750 0.0071**

Visit frequency

Daily Weekly Monthly

Phones Influencing thinking 37 18 5 25.900 0.001**
ringing Being distracting 34 58 7 39.455 0.001**
Being annoying 54 62 3 51.647 0.001**

Note: ** Correlation significant at 0.01 level (two-tailed).

After determining the significant differences in terms of
the effect of each human-made sound based on students’ in-
dividual characteristics, which specific effects of each human-
made sound had significant differences based on students’
individual characteristics is explored. Table 2 shows that four
of the seven human-made sounds, including the sound

caused by learning activities, the sound caused by entertain-
ment, the sound of continuous conversation, and the sound
caused by phones ringing, had significant differences in terms
of students’ enrollment type, birthplace, work category, and
visit frequency. Appendix B only present the numbers of stu-
dents who have significant differences in terms of the effects
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of each human-made sound on their individual characteristics
based on the results shown in Table 2. Based on the numbers
of students presented in Appendix B, chi-square goodness-
of-fit tests were then used to analyze the significant differ-
ences between each kind of effect produced by the sound of
learning activities, the sound of entertainment, the sound of
continuous conversation, and the sound of phones ringing in
terms of individual characteristics including enroliment type,
birthplace, work category, and visit frequency.

As shown in Table 3, the p-values and chi-square val-
ues (x2) show a significant difference between Austra-
lians and non-Australians in terms of the effect of keep-
ing awake produced by the sound of learning activities
(x2 = 8.100, p-value = 0.004). Non-Australians perceived
that this sound brought a feeling of keeping awake, sig-
nificantly higher than for Australians. The sounds caused
by entertainment and continuous conversation had dif-
ferential effects based on students’ birthplace. More non-
Australians believed that the sounds caused by enter-
tainment and continuous conversation influenced think-
ing, compared with Australians (x2 = 14.226 and 15.364,
p-value = 0.001 and 0.001, respectively). Meanwhile, more
non-Australians believed that the sound caused by phones
ringing influenced thinking and made them feel annoyed
when compared with Australians (x2 = 13.333 and 8.076,
p-value = 0.001 and 0.004, respectively).

In terms of the different enrollment types, compared
with master's and PhD students, bachelor students were
more likely to think that the sound caused by learning ac-
tivities could help keep them awake, keep them relaxed,
and keep them motivated (x2 = 19.882, 31.838 and 33.464,
p-value = 0.001, 0.001, and 0.001, respectively). In terms of
different work categories, the sound caused by learning ac-
tivities had a differential effect based on the different work
categories. Compared to other work categories, students
doing course assignments were more likely to give positive
feedback on the sound generated by learning activities, in-
cluding the feelings of keeping awake and keeping motivat-
ed (x2 = 35450 and 49.750, p-value = 0.002 and 0.001, re-
spectively). Students doing academic research had a strong
correlation with the negative feelings of influencing thinking,
being distracted, and being annoyed (x2 = 37.483, 35.510
and 10.667, p-value = 0.001, 0.001, and 0.005, respectively).
The effects of the sound of phones ringing on students who
came to ILSs at different frequencies are also different. Com-
pared with students who came to ILSs monthly, students
who came to ILSs daily and weekly were more likely to feel
the sound caused by phones ringing influenced thinking,
were distracting, and were annoying (x2 = 25.900, 39.455
and 51.647, p-value = 0.001, 0.001, and 0.001, respectively).

5. Students’ positive experiences of human-
made sounds in different ILSs

Students’ positive experiences of the human-made sounds
in ILSs were analyzed through open-ended questions in
Part 3 of the questionnaire. After all the data from the par-
ticipants was translated into transcripts, thematic analysis
to refer to students’ positive experiences of human-made
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sounds in different ILSs was conducted and the results are
presented in Table 4. The refined themes were: a sense of
relaxation induced by human-made sounds, and increased
motivation for learning. Two sub-themes were further
identified for each of these three themes.

5.1. A sense of relaxation induced by human-
made sounds

The first theme is a sense of relaxation induced by hu-
man-made sounds and it is divided into two sub-themes:
relaxation from the learning environment and relaxation
from entertainment. Compared with formal learning spac-
es, which have less relaxing learning environments, ILSs
provide students with relaxed learning environments. As
shown in Table 4, one student described the reason they
chose a noisy learning environment: “In a causal and noisy
learning environment, | can study at my own pace and do
not feel the pressure of studying in a quiet space” (partici-
pant in ILS A10). ILSs with different human-made sounds
become an outlet for students to release their pressure.
Relaxation from entertainment was also one of the
reasons that attracted students to the ILSs. Sometimes
students just wanted to do other activities unrelated to
learning. As presented in Table 4, one student who had
just finished a long day of lectures said that: “Sometimes |
just want to relax or take it easy, especially after a long day
of lectures. This kind of learning space helps me escape
the pressure of the course. The background environment
makes me feel relaxed, chatting, watching movies, or even
humming along ... and nobody cares” (participant in ILS
A24). Some students seemed to be attracted to learning
spaces where they could make noise because the ability
to make noise enabled them to enjoy a relaxed environ-
ment. In addition to providing learning opportunities, ILSs
also provide students with the possibility of entertainment.

5.2. Sound-masking effect

The second theme is the sound-masking effect, which is
divided into two sub-themes: acquisition of sound privacy
and noise-masking comfort. Acquisition of sound privacy
is one of the most important indicators which affected the
comfort of communication. Sound privacy can be obtained
through the partition or isolation of spaces, or the mask-
ing of meaningless sound (Tamesue et al., 2006). Since this
study focuses on students’ positive experiences of human-
made sounds, the acquisition of sound privacy is explored
from the perspective of the sound-masking effect. Some
ILS units such as A10 are situated in active and public ar-
eas with a variety of human-made sounds generated by
learning and non-learning activities. This kind of ILS can
obtain good sound privacy with the masking effects of
various sounds. One student said: “I like to be in a noisy
space when | have some academic discussions that | do
not want to be heard by others” (participant in ILS A12).
The sound-masking effect also occurred when students’
conversation was rendered less audible due to the pres-
ence of other types of sound. In this condition, some types
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of sounds became acceptable. Sometimes students chose
ILSs where they could make noise in a relaxed environment
without the stress of disturbing others. One student said: “I
like this space because | can eat, or causally chat with my
friends in the process of learning. | do not need to worry
about disturbing others, because all students here are the
same as me” (participant in ILS A7). In a noisy learning envi-
ronment, the effect of one’s own sound seems to be weak-
ened by the various sounds made by other students. As a
result, students feel comfort and freedom when making
noise such as answering the phone or discussing questions.

5.3. Increased motivation for learning

The third theme is increased motivation for learning and
is divided into two sub-themes: the company of other stu-
dents and integration into the learning atmosphere.

Table 4. Representative data for each sub-theme
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The company of other students meant those students
who preferred to be surrounded by others when choos-
ing a learning space; as one student said: "l come here to
study for the company of other students and the sounds
they make always remind me of their presence” (partici-
pant in ILS A17). Different from individual learning and
collaborative learning, under the company of other stu-
dents, a student studies along with other students who are
studying, sharing a learning space but learning separately
rather than participating in a joint project.

Some students preferred to be able to integrate into
the learning atmosphere through background sound while
maintaining visual privacy. Table 4 presents one student’s
description: “Study booth is private enough for me to con-
centrate on learning. It prevents me seeing students moving,
eating, and talking, but still lets me merge into the buzzing
learning environment” (participant in ILS A19). Vo (2015)'s

Theme Sub-theme Data
A sense of Relaxation “I do not like sounds of learning activities, but | feel relaxed when | hear people talking, moving,
relaxation from learning  or making phone calls.” (Participant in ILS A14)
induced by environment “I like to study in a relaxed and noisy environment, because too many people intensely working
human-made make me nervous. | never care what kind of sounds other people make.” (Participant in ILS A7)
sounds “In a causal and noisy learning environment, | can study at my own pace and do not feel the

Sound-masking
effect

Increased
motivation for
learning

Relaxation from
entertainment

Acquisition of
sound privacy

Noise-making
comfort

Company of
other students

Integration
into learning
atmosphere

pressure of studying in a quiet space.” (Participant in ILS A10)

"Sometimes | just want to relax or take it easy, especially after a long day of lectures. This kind
of noisy environment helps me escape the pressure of the course. The background environment
makes me feel relaxed, chatting, watching movies, or even humming along ... and nobody cares.”
(Participant in ILS A24)

"Sometimes my friends and | like to rant out or share the latest gossip. In this kind of space, | feel
no one is going to hear what we are talking about. It is like our conversation is being buried in
the buzzing noise.” (Participant in ILS A9)

“I like to be in a noisy space when | have some academic discussions because | do not want to be
heard by others.” (Participant in ILS A12)

"I like this space because | can eat or causally chat with my friends in the process of learning. |
do not need to worry about disturbing others, because all students here are the same as me.”
(Participant in ILS A9)

"I feel uneasy when | make some noise in a very quiet learning environment because every sound
seems to be amplified in this environment, such as answering the phone ... or eating. But in this
space, sounds produced by others can mask what | am doing, so | feel very safe and relaxed.”
(Participant in ILS A21)

"Sometimes | like to study in a noisy environment so that | can talk with my friends without
making people feel bothered by our conversation.” (Participant in ILS A18)

"I like this space because | can eat, or causally chat with my friends in the process of learning. |
do not need to worry about disturbing others, because all students here are the same as me.”
(participant in ILS A7)

“I do not like being the only one studying here. | feel better knowing others are awake, especially
when | hear the sound of keyboards or mouse clicking.” (Participant in ILS A15)

“I come here to study for the company of other students and the sounds they make always
remind me of their presence.” (Participant in ILS A14)

“I like people around me and talking.” (Participant in ILS A17)

“| zone out easily when the learning environment is too quiet.” (Participant in ILS A2)

“"Even as a silent audience, | feel like | am participating in their learning.” (Participant in ILS A16)
"Study booth is private enough for me to concentrate on learning. It avoids me seeing students
moving, eating, and talking, but still lets me emerge into the buzzing learning environment.”
(Participant in ILS A19)

“I like to study here because others' academic discussions give me access to broader exposure to
academic opportunities and enrich my learning experiences.” (Participant in ILS A4)

"I feel present and connected with the surroundings through the background sounds, such as
people talking or phones ringing.” (Participant in ILS A25)
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study explained this need, finding that visual distraction
was more negative toward students’ performance than
audio distraction. Many students tried to minimize visual
distraction but still feel present in or connected with the
learning environment through human-made sounds. Other
students preferred a vibrant environment because they felt
that appropriate noise made it easier for them to concen-
trate on their studies and improved work productivity. As
one student said: “Even as a silent audience, | feel like |
am participating in their learning” (participant in ILS A16).
Arousal theory can be used to explain acquisition of work
productivity brought about by the stimulation of human-
made sound in ILSs. People's performance develops in an
inverted U-shape as the stimulation increases. Performance
is at its best when the level of stress or stimulation reaches
a certain intensity (Broadbent, 1978; Szalma & Hancock,
2011). The role of arousal theory shows that some sounds
may improve rather than degrade performance, which
means that the learning was best when the students were
stimulated by the level of sound. In other words, the audi-
tory sensations brought by human-made sounds can pro-
vide students with positive experiences, such as relaxation,
sound-masking effect and increased learning motivation.

6. Conclusions and discussion

This study focuses on students in ILSs at the Geelong Wa-
terfront Campus of Deakin University. Two hypotheses are
proposed to examine the effects of human-made sounds
on these students. The partial acceptance of Hypothesis 1
suggests that a quiet learning environment does not always
correlate with effective learning, as human-made sounds
impact students differently based on their individual char-
acteristics. The acceptance of Hypothesis 2 indicates that
students respond positively to the sound environment,
which enhances their learning motivation.

To satisfy diverse sound environment needs of different
students in ILSs, the creation of various types of learning
spaces to is essential. University property management de-
partments need to take into account students’ individual
differences, including gender, birth location, enrollment
type, and work category, is crucial to providing comfort-
able learning environments for diverse student groups. For
example, in terms of gender differences, offering female-
friendly learning spaces to accommodate the higher pri-
vacy needs of female students is important. Considering
students from different birth locations and countries, ILSs
can be designed incorporating various international design
styles to enhance a sense of spatial belonging for non-Aus-
tralian students, providing them with a sense of emotional
comfort. Concerning the differences in spatial requirements
based on enrollment type and work category, learning
spaces suited to the needs of different educational lev-
els and work categories should be designed. For instance,
more specialized research spaces such as quiet and private
spaces can be provided for PhD students, while more social
and interactive learning spaces can be offered to bachelor
and master’s students. Furthermore, it is essential to create
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a variety of ILSs to meet the diverse needs of students, in-
cluding spaces with high privacy for individual learning and
spaces with high interactivity for collaborative learning. On
one hand, in ILSs with high privacy, measures for privacy
protection, such as the design of study booths and study
areas with closable doors, should be provided. On the
other hand, in ILSs with high interactivity, designs should
encourage collaborative interaction through suitable spa-
tial layouts and furniture arrangements. Providing these
diverse learning spaces at different locations on campus
would enable students to choose the most suitable place
for their preferences and needs.

Dividing learning spaces into different sound zones
based on students’ various activities is crucial. University
property management departments can provide different
spaces suitable for quiet study, collaboration and dis-
cussion, or occasional interaction. Utilising tools such as
movable screens, partitions, or furniture that allow stu-
dents to adjust the sound environment can also provide
greater flexibility for learning. Furthermore, offering stu-
dents sound-control tools like headphones, white-noise
machines, and noise-cancelling headphones would help
them manage the sound environment independently
when necessary. In addition, providing guidelines to stu-
dents about sound environments, including how to ef-
fectively utilize various sound environments for learning,
is essential. Promoting the presence of positive sounds in
learning spaces, including noises generated by learning
activities such as keyboard sounds, would encourage ac-
tive engagement in a rich learning environment. Finally,
learning space administrators need to ensure good sound
quality in learning spaces, including effective sound iso-
lation and absorption equipment to minimise noise dis-
turbance. Providing information about different types of
learning spaces to students through signage or space
index guides would assist them in selecting spaces that
suited their learning needs. Conducting regular surveys to
assess students’ satisfaction with the sound environments
in learning spaces and gathering feedback would enable
continuous improvement in the design and functionality
of these spaces, ensuring these ILSs meet students’ sound
environment needs.

Hypothesis 1, that human-made sounds have signifi-
cantly different effects on students based on their indi-
vidual characteristics, is partially accepted. ILSs on cam-
pus have better sound environments than the open-plan
spaces in general public buildings because ILSs can pro-
vide ambient human-made sounds related to learning
or non-learning activities. During the learning process,
a quiet learning environment does not necessarily mean
that students can concentrate on learning. Therefore, in
the context of the cost-benefit assessment of sound-
control procedures, the first thing that university property
management departments need to do is to understand
how students perceive and react to different human-made
sounds and it is necessary to concentrate on controlling
human-made sounds that bring about more prominent
negative effects.
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Hypothesis 2, that the auditory sensations brought by
human-made sounds can provide students with positive
experiences, such as relaxation, sound-masking effect and
increased learning motivation, is accepted. Three types of
students’ positive experiences of human-made sounds in
different ILSs were described in this research, including a
sense of relaxation induced by human-made sounds, a
sound-masking effect, and increased motivation for learn-
ing. This finding shows the positive effects of ILSs with rich
human-made sounds. Students’ participation in ILSs even
when not communicating with others seems to inspire
positive experiences of human-made sounds. This study
could assist university property managers in understand-
ing students’ perceptions of human-made sounds and aid
in strategic management of campus space that aligns with
students’ needs and preferences for ILSs, which will con-
sequently improve the overall learning environment and
support student success.
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Appendix A. Questionnaire

A1. Questions about students’ individual characteristics

(1) Gender: Male; Female; Prefer not to say.

(2) Enrollment type: Bachelor; Master’s; PhD; Other.

(3) Birthplace: Australia; Non-Australia.

(4) Work category: Examination preparation; Course assign-
ment; Academic research; Other.

(5) Expected duration of stay: Less than one hour; Between
one and three hours; Above three hours.

(6) Visit frequency: Daily; Weekly; Monthly.

(7) Location selection: At home; At university.

A2. Questions about effects of each human-made sound (mul-
tiple answers)

(1) Sound caused by learning activities: Influencing thinking;
Being distracting; Being annoying; Keeping awake; Keeping
relaxed; Keeping motivated.

(2) Sound caused by entertainment: Influencing thinking; Be-
ing distracting; Being annoying; Keeping awake; Keeping re-
laxed; Keeping motivated.

(3) Sound of continuous conversation: Influencing thinking;
Being distracting; Being annoying; Keeping awake; Keeping
relaxed; Keeping motivated.

J. Zhang et al. Human-made sounds in informal learning spaces on a university campus

(4) Sound of intermittent conversation: Influencing thinking;
Being distracting; Being annoying; Keeping awake; Keeping
relaxed; Keeping motivated.

(5) Sound caused by phones ringing: Influencing thinking;
Being distracting; Being annoying; Keeping awake; Keeping
relaxed; Keeping motivated.

(6) Sound caused by keyboards & mouse clicking: Influencing
thinking; Being distracting; Being annoying; Keeping awake;
Keeping relaxed; Keeping motivated.

(7) Sound caused by footsteps: Influencing thinking; Being
distracting; Being annoying; Keeping awake; Keeping relaxed;
Keeping motivated.

A3. Open-ended questions according to selection of multiple
answers for each sound source above

(1) Can you explain why human-made sounds can have posi-
tive effects on you, including keeping you awake, relaxed, and
motivated?

(2) Can you describe the positive effects brought about by the
human-made sounds in this space besides keeping you wake,
relaxed, and motivated?

(3) Do you have anything else to describe about the positive
effects produced by human-made sounds in informal learn-
ing spaces?

Appendix B. Number of students of each effect of different human-made sounds based on

students’ individual characteristics

Enrollment type Birthplace Work category
Human-made Effect Non-  Examination Course  Academic
sound Bachelor Master's PhD Australian . ) . Other
Australian Preparation assignment research
Learning Influencing thinking 19 15 13 24 34 0 18 39 1
activities Being distracting 9 14 9 23 28 5 13 30 3
Being annoying 12 4 10 20 16 2 12 20 2
Keeping awake 30 17 4 11 29 3 31 6 0
Keeping relaxed 28 8 1 8 9 1 15 2 1
Keeping motivated 39 10 7 34 22 2 43 11 0
Birthplace
Australian Non—‘
Australian
Entertainment Influencing thinking 5 26
Being distracting 55 49
Being annoying 33 44
Keeping awake 13 12
Keeping relaxed 20 15
Keeping motivated 10 6
Birthplace
Australian Non—.
Australian
Continuous Influencing thinking 9 35
conversation  Being distracting 45 43
Being annoying 53 61
Keeping awake 10 9
Keeping relaxed 13 6
Keeping motivated 1 5
Birthplace Visit frequency
Australian Au':tor:l_ian Daily Weekly Monthly
Phones ringing Influencing thinking 5 25 37 18 5
Being distracting 46 53 34 58 7
Being annoying 44 75 54 62 3
Keeping awake 3 7 1 6 1
Keeping relaxed 1 5 1 3 1
Keeping motivated 2 5 2 3 5




