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Abstract: Interest plays a critical role in learning and development. It is able to compel students
toward short term exploration, motivating them toward the pursuit of future goals, as well as leading
to the development of knowledge and cognitive abilities. Interest also enables students to rise above
perceived restrictions and limitations to achieve their goals. Interest therefore plays a significant role
in learning and development. Currently, most of the extant research on interest has been typically
done using self-report surveys or by observations, which may be somewhat subjective in nature. This
study therefore aims to further deepen our understanding of the value of interest on learning, and
more importantly, suggests a novel method of tracing interest development over time. An alternative
measure of interest through the use of neuro-physiological markers is suggested, with examples
based on two case studies out of a class of 22 students. The Empatica E4 wristband was used to
collect electrodermal activity (EDA) data to capture instances of triggered interest during a 10-week
curriculum, which were triangulated with behavioral observations. The study found that EDA is
a possible measure for recording and tracing interest development in students, providing a more
nuanced and objective measure of interest development.

Keywords: electrodermal activity; interest development; motivation

1. Introduction

The study of motivation and interest in education has been an area that has gained
much traction over the years. One of the key purposes of education is to effectively equip
students for life by providing them with the appropriate intellectual tools, self-belief
and self-regulatory competencies to ensure they are able to continuously grow and learn
throughout their lives [1]. A typical component of education, especially in formal settings,
is the presence of assessments, usually in the form of examinations. Despite their utility in
assessing students” knowledge and achievement, these assessments, especially if they are
high-stakes in nature, have been found to decrease students’ motivation for learning [2]
even to the extent of affecting children’s health due to the pressure, stress, and anxiety they
cause [3]. One possible way of mitigating such stress and lack of motivation is through the
development of interest.

Interest compels students toward short term exploration, leading to the development
of knowledge and cognitive abilities [4], as well as motivation to pursue future goals ([5].
Other than that, the extant literature has found that interest positively impacts students’
goals, attention, and learning [6], overcomes perceived disabilities [7], and increases class
participation and use of cognitive learning strategies [8]. Currently, interest is typically
measured through the use of self-report surveys or ethnographic observations that may be
somewhat subjective in nature.

This study therefore aims to examine the value of interest, its impact on learning,
and, more importantly, to suggest a novel measure of interest. This paper proposes an
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alternative measure of interest through the use of neuro-physiological measures, and
provides examples in the form of case studies.

2. Literature Review
2.1. Interest Defined

Humans have an innate desire to explore their surroundings and seek out objects
they consider to be interesting [5], which by nature would make the process of acquiring
knowledge a pleasant experience. Interest has been long recognized to be a critical aspect
of motivation for learning [9]. It is a preference and passion for learning [10] facilitated by
interaction with the external environment [6].

The study of interest has been an area of attention since the 1970s. Schank [11] first
described interest as an emotional state triggered by situational stimuli. Schiefele [12] then
identified individual interest as an intrinsic and long-term trajectory toward a specific
object of interest. Krapp [5] then contributed to the definition of interest by conceptualizing
it as having two levels, with the first level suggesting that interest requires a situation-
specific interaction between the individual and an object, and the second level suggesting
interest as a predisposition for the individual to sustain interest toward that specific object.
For the purposes of this paper, Interest will be defined as the result of interaction between
the individual and the environment, and referring to the psychological state as well as
the cognitive and affective motivation of an individual to engage with that content of
interest over time [13]. This is described as the dual meaning of interest (see Figure 1).
What this means is that motivation and interest are interrelated in that engagement with
the content may support the development of interest, but at the same time, interest in the
content may motivate individuals to maintain engagement with the content as well [13].
For instance, studies have shown that interest is able to not only motivate students to
engage in short term exploration [4] but also sustain intrinsic motivation [14]. At the same
time, studies have also found that intrinsic motivation is able to trigger and sustain interest
in learning [15].

Personal effects

)

Motivation,
cognition and
affect

N\

Environmental effects

Engagement
with content

Figure 1. The development of interest. Adapted from Renninger & Hidi, 2016.

There are two types of interest within education research: situational interest and
individual interest. Situational interest is an early phase of interest development and refers
to an affective response to a specific activity [13] when an individual’s attention is directly
linked to obtaining a goal [16]. On the other hand, individual interest is a more developed
phase of interest and refers to a more persistent inclination to reengage with an object of
interest over time [6].

The four-phase model of interest development [6] is one of the most widely used
and recognized frameworks of interest. It describes the development of interest across
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four different phases, with each phase being sequential and progressing from triggered
situational interest to maintained situational interest, emerging individual interest, and
lastly, well-developed individual interest. The earlier phases are generally characterized by
requiring greater support from the external environment to develop as compared to the
later phases. Table 1 provides an overview of the characteristics of each phase of interest.

Table 1. The four phases of interest development.

Phases of Interest Development

Less Developed (Earlier) More Developed (Later)

Phase 1 (Triggered Situational
Interest)

Phase 2 (Maintained
Situational Interest)

Phase 3 (Emerging Individual
Interest)

Phase 4 (Well-Developed
Individual Interest)

Psychological state resulting
from short-term changes in

Psychological state that
involves focused attention

Psychological state and the
beginning of relatively enduring

Psychological state and a
relatively enduring

Definition cognitive and affective i predisposition to seek ; o
. . . towards specific content that . s predisposition to reengage
processing associated with N . reengagement with specific e ;
e reoccurs and persists over time . specific content over time
specific content content over time
. Rf:;%i%fs tcgnteer:;ctihat - Independently reengage
” Attends to content, if gttention yies - Likely to independentl content
only momentarily . y P Y - Has stored knowledge
_ May need support to - Developing content reengage content and value
engage, from others and } lg:/‘g’ll(fﬁ%e sense of . };ﬁ; \S/,;(Eleed knowledge - Reflective about content
instruction contentI’Js v%lue - Reflective about content B Likely to recognize
Learner - May be reflexively aware Likely able to be B Focused on own others’ contributions to
characteristics of experience Y discipline

- May experience positive
or negative feelings

- May not persevere in
face of challenges

- May want to be told
what to do

supported by others to
find connections to
content based on prior
skills and knowledge

- Likely to have positive
feelings

- May want to be told
what to do

questions

- Have positive feelings

- May not persevere in
face of challenges

- May not want feedback
from others

- Self-regulates easily to
reframe questions and
seek answers

- Can persevere through
challenges to meet goals

- Appreciates and may
actively seek feedback

Source: Adapted from Renninger & Hidi (2016).

In the context of learning and education, interest has been identified as a precursor to
engagement over time [6], characterized by increased focus and attention [17], increased
cognitive and affective functioning [13], increased persistent effort and motivation [18],
and a desire to find out more about a novel area [19].

2.2. Measuring Interest

Interest relates to an individual’s neurological or physiological reactions in response
to people, the environment, or specific tasks, manifesting itself behaviorally as increased
attention, effort, and changes in affect [13].

Presently, the most commonly used measurement for interest is self-report question-
naires [13]. Some examples of such measures being used in previous studies include the
Motivated Strategies for Learning Questionnaire [20], the Student Interest Scale [21], and
the Situational Interest Measure [19]. Typically, the administration of questionnaires is
considered to be a relatively inexpensive and easy to administer form of data collection in
classrooms, making it a commonly used method of data collection [22]. On the other hand,
questionnaires are usually self-reported and are heavily dependent on the limitations of
the consciousness of individuals and how they perceive themselves [23]. Language and
understanding of words and phrases may be interpreted differently across cultures, and be
affected by individual beliefs, memory and social pressure as well [22].

In particular for the measurement of interest, Renninger and Bachrach [24] stated that
experiences that trigger interest are also usually unanticipated and evanescent, making it
challenging to identify and report, even for the individuals themselves. They then went
on to suggest that it is imperative for interest research to move beyond the use of self-
report measures toward more observational methods to better recognize the factors within
learning environments that lead to an increase in interest. An emerging field of research
that can complement these self-report measures is that of neurophysiological measures.
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2.3. Neurophysiological Measures

The learning process is not an isolated process only occurring within the brain, but
also involves temporal activation of various structures within the nervous system [25]. For
example, memory and emotion are interdependent in nature, with studies demonstrating
that individuals are more likely to remember emotionally charged events, irrespective
of whether the emotion experienced was a positive or a negative one [26]. Given that
significant outcomes of education involve learning, engagement, and motivation, the study
of neuroscience and psychological knowledge has been gaining much interest over the
years, with the hope of improving learning outcomes of students [27]. Neurophysiological
signals have been recognized to be effective indicators for various cognitive functions such
as emotion and attention [28], and has been found to be an appropriate measure for tracing
students’ cognitive states in a less invasive and more ecologically accurate manner [29].
One such neurophysiological measure, which will be measured in this study, is that of
electrodermal activity. Developments in research and technology of such physiological
measures have led to many opportunities to measure various physiological responses of
an individual in real time [30], thereby creating many new pathways and possibilities for
education research.

2.4. Electrodermal Activity

Electrodermal activity (EDA) describes changes in the electrical conductance of the
skin, and consists of both slow changes in the basal skin conductance level (SCL) as well as
more rapid changes known as skin conductance responses (SCR) [31,32]. SCR are the result
of physiological responses toward a transient stimulus [33], making it possible to use these
data to identify specific types and duration of an activity that caused an arousal response.

The skin is the primary interface between individuals and the external environment,
and is involved in several important biological processes such as the immune system,
sensory-motor exploration and thermoregulation [34]. In order to effectively accomplish
its many functions, the skin is densely innervated with autonomic innervation of the
eccrine sweat glands, which manifests in changes in skin conductance on the surface of
the skin [34]. Skin conductivity is induced by moisture produced by the eccrine sweat
glands, which occur automatically in individuals, and are most responsive to emotional
arousal [35]. Even though there may not be visible sweat on the surface of the skin, sweat
is a good conductor of electricity, and the filling of sweat glands due to an autonomic
response results in low-resistance parallel pathways, which increases the conductance
of an applied current [36], thereby making it possible for EDA readings to be picked up
by sensors.

Numerous studies have found EDA to be an effective indicator of attention and
cognitive or emotional arousal [34,37-39]. More recent studies have also found positive
correlations between SCL and students’ academic performance [29], and student achieve-
ment during examinations [40]. Arousal, as measured by SCL, is therefore a possible
measure of interest as it involves attention, engagement, and positive affect, which are
positively correlated with arousal [29,40,41]. A number of classroom-based studies have
also suggested EDA conductivity as a valid proxy for engagement and interest [42,43].
A study by Cain and Lee [36] also found that situational interest produces a significant
increase in physiological arousal, which was captured as increasing EDA readings.

Traditionally, EDA has been measured at the palmar regions of the hands such as
the fingers, where the sweat glands’ density is the most concentrated [44]. Electrodes
are applied to the skin using gels and a current is applied in order to obtain an EDA
reading, which is measured in microSiemens (uS). However, this method of obtaining data
is impractical as the gels may wear off over time, affecting the signals being recorded [45].
As a result, much of this sort of research has typically been conducted in a controlled
laboratory setting [28].

However, advances in technology has enabled a more ecologically valid and practical
method of measuring EDA at the wrist. A number of studies have determined that utilizing
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the skin’s natural hydration and measuring EDA at the wrist is significantly correlated
with EDA measured at the fingers [46,47]. These findings suggest that an EDA sensor worn
on the wrist in the form of a watch or wristband is a possible alternative measure of EDA.

3. Methodology

The findings of this paper are part of a PhD study examining the impact of interest-
driven learning on students’ learning and motivation in an informal learning environment
where the process is emphasized over the final product [48]. A design-based approach was
chosen to develop a curriculum to incorporate research and practitioner input in order
to provide an experience that can cultivate interest in students. Design-based research
(DBR) facilitates the impact and translation of educational research into improved teaching
practices [49], enabling the testing and inception of research and theory in classroom
settings [50]. This approach was chosen because it involves and capitalizes on the strengths
of both researchers and practitioners [49] to produce the best possible intervention that
will benefit students the most. The first author worked closely with the teacher to develop
a set of 10 STEM-based lessons using the micro:bit, which is a handheld programmable
computer tool to teach coding in a fun and non-intimidating manner.

3.1. Context and Participants

This study took place in a specialized high school offering technical subjects such
as retail, robotics, and technology, as well as the usual academic subjects such as math
and science. This school and its staff believe in nurturing the joy of learning, instead
of simply focusing on students’ final grades, through the cultivation of an enjoyable
learning environment to cultivate interest in learning. The participants were from a class
of 22 Secondary 1 students who came together once a week for two hours for this coding
class. This paper will examine two case studies to examine the use of EDA as a measure
of interest.

The first student, Daniel (pseudonym), is a 13-year-old male with a positive attitude
in class, always offering help to his classmates whenever he completes his tasks earlier.
Based on the self-reported STEM Interest Survey, he reported a low interest in STEM
subjects, recording the second lowest mean score out of the whole class. However, the
lesson observations and EDA recordings collected throughout the term showed otherwise,
with him having a high interest in the subject.

The second student, Alex (pseudonym), is a 13 year old male who has a playful
disposition who sometimes has a sleepy look of disinterest in class. Based on the STEM
Interest Survey, this student reported a high interest in STEM subjects, obtaining the second
highest mean score out of the whole class. However, based on the lesson observations and
EDA readings, he did not seem interested in the class activities.

In order to prevent any bias of responses, the students were not told that this study
was to test their interest. They were informed that the wristbands will be used to measure
their sweat levels during the lessons, and that they had to complete some surveys over the
course of the term.

All subjects gave their informed consent for inclusion before they participated in
the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by University of Queensland Human Ethics Committee B
(Approval number: 2018002401).

3.2. Intervention Curriculum

The curriculum was co-designed by the researcher and teacher, which afforded the
opportunity for the creation of STEM-specific lessons in order to explore interest-based
learning. This allowed for input from the teacher to cater the content to be suitable and
relevant to students’ learning. The resulting curriculum was a 10-week series of STEM
lessons with one lesson per week. These lessons include segments of formal instruction
to facilitate the teaching of new concepts, hands-on segments, and two assessments. The
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lessons are planned in a formulative manner where the students will start with the basics
of STEM such as basic circuitry and coding, culminating in the final session where students
will be tasked with creating a final project using the knowledge they have accumulated
over the whole term.

3.3. Measures

The STEM-Interest survey. The survey was adapted from Renninger and Schofield’s [51]
STEM Tipping Point Survey, and was used to determine changes to students” interest
over the course of the intervention. The original STEM Tipping Point Survey measured
college students’ perceptions of their STEM coursework and was used to determine why
some continued to pursue a career in STEM but not others. The STEM-Interest survey was
adapted to make it more relevant for high school students in a Singapore context, and was
used to determine students’ interest development and motivation toward STEM.

EDA data. Empatica E4 wristbands were used to obtain EDA data from the four
students. These wristbands are able to measure various physiological data such as blood
volume, pulse, skin temperature, and EDA [52], and can be worn in a non-invasive manner
like a watch. This makes it ideal for this study as it offers ecological validity, enabling the
students to participate in class activities without any form of hindrance or inconvenience.
A peak detection platform, EDA Explorer, was used to identify EDA peaks in the data
collected, which are assumed to correspond to increased arousal, and more specifically
SCR. An algorithm within this platform that was developed from machine learning through
the use of data reviewed by EDA experts was able to identify and remove potential noisy
artefacts such as excessive movements, ensuring the peaks recorded were accurate [53].
The detection of peaks would suggest a sudden response to a specific stimulus, which
has been observed in traditional laboratory-based studies [54]. This study assumes that a
peak would correspond to a stimulus that triggers interest, leading to increased arousal.
The absence of a peak would therefore signify a lack of interest in the specific activity or
stimulus. In order for the EDA readings to be recorded as peaks, the readings had to be
at an amplitude of at least 1.0 uS with a 1.0 s offset. This means that the readings would
have to increase for at least 1 s before a peak and decrease for 1 s after a peak in order to be
identified as a peak, which will be demarcated by a green vertical line, as seen in Figure 2.

EDA with Peaks marked

N

\

W\MMMN . M i ‘M‘”W TS
d N

20 40 60 80
Time (min)

Figure 2. Sample EDA data from EDA explorer at an amplitude threshold of 1.0 uS.

As recommended by Lee and colleagues [54], a filter was applied to exclude peaks which
did not exceed 1.0 uS, as these readings were considered to be due to low skin conductivity.

Lesson observations. As the school leaders were not comfortable with having their
students and teachers video recorded, they only allowed the researcher to take notes from
lesson observations. These field notes were used to triangulate the EDA data and results
from the STEM-Interest survey to determine student engagement and interest as they
participated in the activities, as they provided context into what specific activities may have
caused physiological arousal in the students, as recorded through the EDA data. Students’
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engagement, attention, and interest were obtained from these observations, which were
triangulated together with the EDA data as a measure of student interest.

3.4. Research Design

The students in this study were given a pre- and post-survey to measure their interest
in STEM subjects, complemented by lesson observations and physiological measures in the
form of EDA data. Interest will be measured over the course of the 10-week intervention.
Based on the pre-survey and recommendations from the teacher, four students were
selected to be given the Empatica E4 wristbands to measure their EDA levels. Over the
10 weeks, the researcher observed the students and took down field notes, with the four
students being issued the Empatica E4 wristbands to capture their physiological signals
such as EDA and heart rate. The wristbands were handed out to the students at the start of
the lesson and collected back at the end of the lesson. The data were then transferred from
the wristbands to a secure server via USB and downloaded for analysis.

4. Results

This paper will examine two case studies to demonstrate the possible implication of
using physiological data as a measure of interest.

4.1. Case Study 1: Daniel

Despite reporting that he had low interest in STEM topics, Daniel was observed to be
attentive and thoroughly engaged throughout all the lessons. He was engaged regardless
of the activity being done, from watching a video on the Internet of Things, to hands on
activities of coding on the micro:bit, and even when the teacher was simply doing face-
to-face teaching with the class. This observation was further supported by the EDA data
collected where multiple EDA peaks were recorded in every single lesson, which showed
that he had regular segments over the term where there were cognitive and emotional
arousal during the lessons. For example, during one lesson when the class was given time
to tinker around with the micro:bit to create a logo, Daniel was fully engaged in the activity
and was excited to share his logo with his friends.

Daniel was also motivated throughout most of the lessons to complete the tasks given.
In the eighth lesson of the term, the teacher posed a challenge for the students to code and
create an alarm system using micro:bit. Even though this task was relatively advanced
for him, Daniel eagerly took up the challenge and was greatly motivated to try to code
the alarm system. Even though he was observed becoming stuck and frustrated and on
the verge of giving up, he recovered from that quickly and began trying again. Despite
being clearly frustrated, Daniel persevered and kept trying until the teacher intervened
to help by altering the task. This showed that there was a deep and intrinsic interest that
motivated him to persist in the task despite not being able to complete it successfully.

Regarding the EDA data recorded, Daniel had multiple EDA peaks in all the lessons
recorded, with a total of 54 peaks being recorded, which indicated that there were numerous
episodes during the lessons that caught his interest. As compared to Alex, who only
had four peaks recorded throughout all the lessons, Daniel experienced relatively more
instances where his interest was triggered.

Figure 3 shows the EDA recordings for lesson 8, where the students were tasked to
create an alarm system. As can be seen, the first peak recorded (1.96 uS) was around the
10-min mark, which was when the teacher explained the task to the class. This shows
that Daniel was excited by the task, and was keen to engage in it. The second EDA peak
(4.93 uS) was recorded at around the 15-min mark, which was when Daniel began working
on the task and was greatly focused on attempting to code the alarm system. This was one
out of many examples that indicated Daniel’s high level of arousal, and in turn, of interest
and excitement toward the tasks and activities in the class.
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Figure 3. Daniel’s EDA peaks recorded in lesson 8.

Based on the STEM Interest Survey results (Table 2), Daniel showed an increase in
his mean score, from 2.27 to 3.00 (out of 5), indicating that there was an increase in his
interest by the end of the term as compared to at the beginning. A detailed look at the
survey questions can provide some insights into Daniel’s changing interest toward STEM
subjects. One question (Q4) asked “How much fun is math, science, or engineering for
you?”, to which Daniel initially responded with a “2” during the pre-test, but by the end
of the term, his response was a “4” on the post-test. Another question (Q7) asked “How
much do you enjoy hands-on activities and experiments in math, science, and engineering
subjects?”, which appeared to increase from a “3” to a “5” by the end of the term. A possible
explanation for this increase could be that as Daniel became more adept in his ability to
code using the micro:bit, he gained confidence when given new tasks by the teacher. As he
was able to successfully complete increasingly complex tasks, he may have developed a
positive outlook toward STEM subjects and gained a deeper interest through this process.

Table 2. STEM Interest Survey results for Daniel.

S016_Pre S016_Mid S016_Post

Q1
Q2
Q3
Q4
Q5
Qo6
Q7
Q8
Q9
Q10
Q1
Q12
Q13
Q14
Q15

Mean

NP FRPRFRPRFRPFNWWWWRFRONWNDW
0 = NN WO R UTN N R R W
O R R RN BB GNWER RO

N
N
N
(=}
W

Based on Renninger and Hidi’s four-phase model of interest [13], Daniel was observed
to begin the term at phase one (triggered situational interest) when he was introduced
to the various STEM topics. As the term progressed, through the regular re-engagement
with the content every lesson, he began to develop content knowledge and eventually
progressed to phase two (maintained situational interest). With the stored knowledge, he
began to reengage with the content independently, as observed when he was tinkering
with the micro:bit whenever the teacher gave the class free time in class, which are traits
of an emerging individual interest (phase three). At the end of the term, Daniel not only
continued to work independently to constantly reengage with the content, but he was
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able to persevere through challenges he faced, which marks a well-developed individual
interest (phase four).

4.2. Case Study 2: Alex

Alex was observed to be more easily distracted and markedly less engaged as com-
pared to Daniel, despite stating that he had a high interest in STEM subjects. For instance,
during the third lesson, when the teacher was showing a video on the Internet of Things
to the class, the whole class was observed to be attentive to the video, but Alex appeared
uninterested and was staring into space. He behaved in a similar manner when the teacher
was engaged in frontal teaching, and at the same time, he was observed to be chatting with
friends even while the teacher was talking. However, he was noticeably more engaged
during the hands-on activities, where he showed more interest in exploring the micro:bit
and its functions. By the end of the term, during Lesson 8, when tasked to create an
alarm system, Alex was fully engaged throughout the whole lesson, even without any
intervention from the teacher. This was a vast difference compared to his attitude at the
start of the term.

Alex appeared to lack motivation during the lessons initially, which can be seen when
he simply gave up and reverted to asking his classmates for help when he was unable to
manage a task. However, over the term, he became increasingly motivated. By the final
lesson of the term, he was on-task for most of the lesson, and when his classmates talked
or distracted him, he would ask them to stop fooling around so that he could work on
his task.

Alex did not have many EDA peaks recorded over the term, totaling only four peaks,
and for the instances that peaks were recorded, they were not directly related to the lesson
content. The peaks recorded were when Alex asked his peers for help coding his micro:bit
as he was not paying attention to the instructions and when he was fooling around with
his friends. However, there was one peak during Lesson 7 that was during a session where
the teacher was doing revision with the class for an upcoming test.

Lastly, based on the STEM Interest Survey (Table 3), there was not much change in
the total mean score at the end of the term. However, the individual questions are able
to provide more nuanced insights into Alex’s interest in STEM. Q4 asked “How much
fun is math, science, or engineering for you?”, which showed a gradual decrease as the
term progressed. One possible reason for this decrease could be due to the increasing
difficulty of tasks set as the term progressed, which Alex may have found too difficult to
complete, and as a result felt that the activities were not as fun. Q7 garnered a consistently
high response of “6”, to the question “How much do you enjoy hands-on activities and
experiments in math, science, and engineering subjects?”, which was supported by the
lesson observations showing that he was engaged during hands-on activities.

Tracing Alex’s interest development journey using the four-phase model of interest
development, he began the term at phase one (triggered situational interest), where he
was observed to engage with the lesson activities only momentarily and requiring direct
instruction from the teacher and support from his peers. Over the term, he was observed
to progress to phase two (maintained situational interest), where he began to develop an
appreciation of the value of content knowledge. While he still required support from his
peers, he developed a more positive disposition toward the lessons. However, by the end
of the term, his interest was observed to be maintained at phase two.
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Table 3. STEM Interest Survey results for Alex.

S009_Pre S009_Mid S009_Post

Q1
Q2
Q3
Q4
Q5
Qo6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15

Mean
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|68}
S

5. Discussion

The study provides an interesting insight into a number of areas. Firstly, it highlights
the difference in responses between using a self-report questionnaire and the physiological
measure of EDA. The two case studies highlighted both showed that there were different
responses between the students’ self-report and their EDA readings. For instance, based
on the lesson observations, Daniel was found to have a high level of interest in STEM-
based subjects, which was in direct contrast with his responses to the survey. This was
similar to Alex, who responded in the survey that he was interested in STEM subjects, but
whose behavior and EDA readings showed otherwise. One possible explanation was that
Alex may have been responding to the survey questions based on what he thinks is an
acceptable response for the teacher. Another possible reason could be that students may
have interpreted the questions in the survey differently due to factors like memory, beliefs,
or pressure from peers, which concurs with prior research [22].

A physiological measure may therefore be able to paint a more accurate picture
of student interest as compared to self-report surveys by overcoming limitations from
misinterpretation [22], how individuals perceive themselves [23] or simply because they
may be unaware of their own interest being triggered [24]. Based on the case studies, the
EDA readings more closely mirrored the behavior and reactions of the students during the
lessons. For example, Daniel was observed to be highly engaged and motivated throughout
the term, which was reflected in his EDA readings, which recorded multiple peaks in all of
the lessons. On the other hand, Alex displayed minimal interest and motivation during the
lessons, which was reflected in the low number of EDA peaks recorded throughout the term.
Compared to the survey results, the EDA readings are able to provide data that are more
congruent with what was observed. This is especially so for identifying situational interest,
with the EDA peaks being able to determine specific activities causing a spike in their EDA
levels, which can be attributed to “triggers” of interest. With a more accurate identification
of “triggers” of interest, researchers are able to better recognize specific activities that spark
interest and possibly contribute to the development of interest in students. Teachers or
curriculum planners are able to utilize these findings to create targeted activities that are of
greater interest to students. However, a caveat is that this is based only on two case studies,
and though the possibilities appear promising, additional work with a larger sample size
and data is needed to generalize these findings to a wider population.

The use of such measures opens up numerous possibilities for using more ecologically
valid and non-invasive measures of interest development, which can possibly benefit both
researchers and practitioners. The E4 wristbands are easy to operate, requiring the users to
simply turn on the wristband and put it on like a watch. The students only took a few short
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moments to get used to the E4, and they were able to participate in the lesson without any
additional restrictions. The data were automatically stored in in the device, and the battery
life of up to 32 h will enable data recording for a whole day of school.

Another possible affordance of using EDA as a measure for interest is that it may
be able to provide a more objective dimension to qualitative case studies. Rather than
the typical measures of observations, video or audio recordings, which may be subject
to differing forms of interpretation, the use of EDA may be able to provide a measure
that is more unbiased in nature. For example, a student who is completely uninterested
in STEM subjects can “fake” a response on a self-report questionnaire, but it would be
more challenging to engineer a physiological response, which is different from what is
really being felt. The use of physiological measures such as EDA may therefore be able to
alleviate the problem of education research being commonly viewed as too subjective in
nature and being determined largely by personal beliefs [55].

A significant implication for interest research is in the use of EDA as a novel method
for tracking interest. For instance, through the use of the E4 wristband, students are able to
wear them for relatively long periods of time, such as throughout a school day. Researchers
will thus be able to obtain regular and consistent data on students’ arousal toward various
stimuli they may have experienced throughout the day. This will provide a rich source of
data that can be analyzed at a greater depth, with possible affordances including measuring
students’ cognitive or emotional arousal throughout the day, providing researchers and
practitioners with valuable data on what specific activities or content is able to better
engage students. Such information can enable practitioners and curriculum planners to
create lessons and activities that better engage students.

Overall, the use of EDA as a measure of interest is a relatively effective method of
identifying and possibly tracking interest development. However, it should be noted that a
limitation is that currently, EDA readings will still have to be triangulated with behavioral
observations in order to contextualize the data. For instance, when a teacher asks a student
a question and an EDA peak is recorded, it may mean that the student is either eager to
answer, or afraid of being called out to answer the question. The behavioral data recorded
would therefore be able to provide more context to interpret such data, which would not
make much sense without a given context.

Another limitation and possible future area of research is for the conduct of a con-
trolled laboratory study to obtain a baseline EDA reading of students at rest in order to
more accurately differentiate instances of interest or disinterest. Even though the use of
the EDA Explorer is able to remove potential noise from the readings captured, every
study population may potentially have different EDA baseline levels. The recording of a
baseline EDA reading in a controlled laboratory setting will therefore allow us to provide
a more accurate reading of the changes in EDA as a result of interest within a specific
study population.

Another limitation is that the current study is based on case studies of a small popula-
tion size. A study with a larger population size would be able to provide a more in-depth
analysis of physiological changes during periods of interest, and would be ideal to further
validate the effectiveness of EDA as a measure for interest development. A possible direc-
tion could be to also trial the use of the E4 bands in a formal academic setting in order to
assess student interest for typical school subjects such as mathematics or English, as an
alternative manner of assessment of engagement.

6. Conclusions

The findings from the study provide promising insights into the possibilities of using
physiological measures to trace student learning and interest development by introducing
EDA as a possible indicator for interest. From the preliminary data collected for the study,
EDA is found to be a relatively objective and possibly effective measure of interest as
compared to the traditional method of self-report surveys. These physiological measures
are more adept at meeting the demands of more personalized and targeted trajectories of
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learning and assessment, offering a more nuanced and possibly more illuminating method
of understanding how and why humans take interest in certain subjects but not others, and
through this process, cultivate the value of lifelong learning.
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