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Abstract

The emotions experienced by primary school students have both positive and negative
effects on learning processes. Thus, to better understand learning processes, research
should consider emotions during class. Standard survey-based methods, such as self-
reports, are limited in terms of capturing the detailed trajectories of primary school
children’s emotions, as their abilities of self-reporting are developing and still limited.
Emotions can also be tracked by capturing emotional responses as they occur e.g. from
physiological reaction measured with sensor wristbands. This technology generates an
emotional responses typology based on continuously captured physiological data, such
as skin conductivity and skin temperature. However, such measurement methods need
to be validated before being used.

The present study thus attempted to validate this instrument with primary school
students. We used the BM Sensor Wristband technology, as its emotional response
typology is based on the categorical emotion and homeostasis approach. In our
research, we focus on the emotional responses that can be distinguished by the BM
Typology and that can influence learning processes. These emotional responses are:

“joy”, “curiosity”, “attention”, “fear”, “anger” and “passivity”.

Therefore, we induced emotional responses in primary school children through
specifically developed audio-visual stimuli. Using logistic mixed effects modelling, we
investigated the occurrence of opposing reactions. We observed that primary school
children’s reactions to audio-visual stimuli could be differentiated. We conclude that
primary school children’s emotional responses, such as ‘“joy”, “curiosity”,
“attention”, “fear”, “anger” and ‘passivity”, can be accurately measured by
evaluating physiological data.
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1. Introduction

Emotions are a foundation for cognitive resources, learning strategies, self-regulation, learning
performance and learning motivation, thus, emotional experiences are closely related to learning
processes (Ahmed et al., 2013; Tyng et al., 2017). Emotions relevant to the generation of knowledge
(epistemic emotions) and learning (achievement emotions) include enjoyment, anxiety, anger, boredom
and curiosity (Pekrun & Stephens, 2012; Pekrun & Linnenbrink-Garcia, 2012). Although, according to
Pekrun (2017), attention is not considered as an emotion, it is crucial for fundamental processes of
engagement in learning (Steinmayr et al., 2010; Posner & Rothbart, 2005).

Emotions are mostly surveyed using questionnaires, such as standardized self-report scales
(Pekrun & Biihner, 2014). This measurement approach, which has been used successfully, seems to
have its limits when it comes to capturing emotions at the moment they emerge. First, students who are
to report on their overall perceived emotional experiences evaluate their emotions retrospectively. In
these retrospective analyses, subjects are asked to remember a situation in which they experienced these
emotions. Such sources are submitted to selective memory. Events and considerations that occur
between the originally experienced emotion and the remembered emotion can lead to a differing
evaluation (Moosbrugger & Kelava, 2012). In addition, participants often state the sum of their
experiences, although fluctuations may occur during the process itself (Brandstitter et al., 2018). Thus,
it is difficult to capture emotions in detail in the course of learning processes (D Mello et al., 2007;
Lohrmann, 2008). Moreover, capturing primary school students’ emotions during learning must take
into account children’s limited working memory. Hence, it may be even more difficult to measure and
classify emotional experiences by classical survey methods, such as questionnaires (Turner & Trucano,
2014). Consequently, we must find a way to capture emotional experiences not only retrospectively but
additionally also during learning in order to analyse the fluctuation of emotions more closely
(Linnenbrink-Garcia et al., 2016).

Therefore, we could use measuring devices that go beyond self-reports (Jarvela et al., 2010;
Paris & Turner, 1994; Winne & Perry, 2000). Recent emotion research has developed instruments that
offer a solution for measuring emotional reactions using physiological data in real time without self-
report bias. Various manufacturers offer devices for tracking physiological data, with the possibility to
use this information for the recognition of emotional reactions. Although these analyses always remain
interpretive, such evaluations could contribute to emotion analysis. Jarvenoja et al. (2018) captured skin
conductivity using the Empatica E4 wristband (Empatica Inc., Cambridge, MA) to analyse the intensity
of emotional responses in cooperative learning situations. The Empatica device is focused on providing
physiological parameters like skin conductivity or heart rate to indicate arousal changes. However, it
does not provide indicators for the interpretation of physiological data in emotional terms like fear or
joy, relevant in school achievement research.

Another device that captures emotional responses through physiological reactions is the Sensor
Wristband from Bodymonitor. In contrast to the Empatica E4 wristband, the BM Sensor Wristband
offers, according to the manufacturer, an emotion classification of physiological data. Thus, we examine
emotions that are part of the BM repertoire, which allows to identify high arousal responses such as
appetitive arousal (“joy”/“curiosity”) and aversive arousal (‘“fear”/“anger”), as well as low arousal
responses such as deactivation (“passivity”’) and homeostasis (“attention”). In addition, the wristband
can be adjusted to different wrist sizes of children. In the following, we examine the theoretical
foundation of these emotions.

In emotion research, two dominant approaches describe the generation of emotions, namely the
categorical (Ekman, 1999; Panksepp, 1982) and the dimensional theory of emotions (Barrett, 2006;
Pekrun, et al., 2014; Russell, 1980; Scherer, 1999). Both approaches see emotional reactions as a result
of the brain's appraisal processes of external and internal stimuli. In the dimensional approach, the
appraisal process leads to a subjective, positive or negative evaluation of the stimuli and thus, emotional
labelling depends on subjective interpretation.
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In the categorical approach, it is assumed that there are separate basic appraisal-response sets
(also called emotional responses) that have evolved as functional systems for survival in an evolutionary
process. Although there is no consensus on how many elementary emotional responses there are (Von
Scheve, 2014), they are supposed to encompass a) high-arousal responses, which have appetitive and
aversive aspects, and b) low-arousal responses (Lee & Lang, 2009; Oxendine, 1970). A) High-arousal
responses include emotions such as fear, joy, anger and surprise (Piérkowska & Wrobel, 2017;
Zillmann, 2008), which are also referred to as basic emotions according to Ekman and Cordaro (2011).
B) According to Levenson (2006), low arousal responses include homeostasis, where the body is
generally alert and physiological responses are balanced, which can be understood as attention.
Furthermore, low arousal responses include deactivation, where the central nervous system withdraws
when no other emotional responses occur for a period of time, this can be understood as passivity.

There is consensus that emotional responses are automatic, continuous neural evaluative
processes (Izard, 1993; Lang & Bradley, 2010; LeDoux, 1998; Ortony & Turner, 1990), that unfold in
multiple dimensions, namely as changes in physiological data (skin conductivity, skin temperature, heart
rate) and musculoskeletal systems (posture, gestures, facial expressions). Moreover, these physiological
responses are supposed to effect motivational tendencies and subjective feelings (Levenson, 2003,
2014). Changes in skin conductivity, skin temperature and heartrate can signify a wide variety of
neurophysiological processes, such as the level of arousal (high and low) (Kotodziej et al., 2019) and
the quality of arousal (appetitive or aversive) (Hayes et al., 2014). Thus, their measurement may give
insights into various emotions.

The emotional responses that can be captured by the BM Sensor Wristband via physiological
data play an important role in learning research. Some students learn successfully, while others have
difficulties developing and activating resources to be academically successful (Pintrich, 2003) Positive
predictors of learning are joy, curiosity and attention. Joy is one of the basic emotions that arise as a
reaction to a pleasant situation (Ekman, 1982). Joy in learning can enable children to focus their attention
on the task at hand and thus promote deep immersion in the learning content (Roth, 2011; Sturm, 2005).
Hascher & Brandenberger (2018) examined the effectiveness of computer-assisted individualization in
teaching mathematics on the performance and emotions of fifth-grade students. These researchers
observed that learning progress triggered joy and that joy, in turn, had a positive effect on learning
progress. Curiosity can be defined as an intrinsic desire to acquire new knowledge and sensory
information (Engel, 2011). For example, Eren & Coskun (2016) have shown that curiosity, which
reflects an “urge to know”, is significantly linked to university students' learning, commitment,
performance goals, and knowledge acquisition and a deeper understanding of the knowledge content.
Finally, attention is a decisive factor for learning because it enables students to engage with learning
content in the first place (Briinken & Seufert, 2006). Jamet et al. (2008) showed that directing attention
through the use of typographic highlighting facilitates the learning of vocabulary by undergraduate
students.

Negative predictors of learning are fear, anger and passivity (Eren & Coskun, 2016; G6tz et al.,
2007; Mulryan, 1992). Fear is one of the basic emotions that arises when a threat of harm appears,
whether physical or psychological, real or imagined (Ekman, 1982). In learning, fear can have a negative
effect because it is associated with the use of rigid strategies that lose themselves in detail and do not
promote creative, independent and holistic learning (Go6tz et al., 2007). Students report that of all
negative emotions, they experience anxiety most often (Pekrun et al., 2002), which is closely related to
fear (Horwitz, 2013). Eysenck et al. (2005) showed that undergraduate students with high anxiety levels
had significantly poorer access to their memory systems for task processing and made significantly more
mistakes than the group with low anxiety levels. Anger is one of the basic emotions that arises when we
are prevented from pursuing a goal and/or treated unfairly (Ekman, 1982). Anger may arise whenever
obstacles to learning occur that students perceive as unnecessary or arbitrary, which may be the case if
performance requirements are perceived to be too high or if performance assessments are not
comprehensible. To summarize, anger in learning can lead to task-irrelevant thinking and hinder interest,
intrinsic motivation and self-regulated learning (Pekrun, 2018). In a survey with undergraduate students,
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Pekrun et al. (2011) showed that anger correlated negatively with intrinsic motivation, elaboration and
self-regulation. Furthermore, anger correlated negatively with students' overall self-reported learning
efforts and academic achievement. Finally, passivity is related to off-task behaviour in learning and thus
hinders learning (Riley et al., 2011). Mulryan (1992) showed, in a study of cooperative small group
teaching in mathematics with primary school children, that especially low-performing children showed
a high degree of passive behaviour in class. According to (Sidelinger & Booth-Butterfield, 2010)
engagement in class should be encouraged instead of passivity, in order to increase students' learning
success.

Thus, exploring emotional responses such as appetitive arousal (‘“joy”/“curiosity”) and aversive
arousal (“fear”/“anger”), as well as deactivation (“passivity”’) and homeostasis (“attention”) with the
BM Sensor Wristband might give valuable insights into students’ emotions during learning. However,
the use of sensor wristbands might be viewed critically (Endedijk et al., 2018). This is particularly
important if learning processes are to be analysed in authentic environments. For example, teacher's
praise might be a more or less positive stimulus for students depending on teacher, task, social context,
personal thoughts, peer behaviour and physical needs. Therefore, it is necessary to determine what
triggers emotional responses in order to analyse physiological reactions. Moreover, movement of wrists
or arms might drown the measurement of physiological reactions with young students who tend to move
more intensely than adults. Since the measurement is based on the function of the sweat glands,
physiological differences between adults and children may occur (Falk, 1998). Accordingly, such
devices should be tested in advance with regard to their use and the transferability of the measurement
procedure from adults to young children. Additionally, testing such devices are a first step towards their
implementation in authentic learning settings. Therefore, we conducted a study in which we validated
the use of the BM Sensor Wristband on primary school children.

2. Rationale of the study

In our study, we have targeted at evoking the emotional responses "curiosity", "passivity",
"attention", "anger", "joy" and "fear" with different stimuli. We coupled "curiosity" with "passivity",
"attention" with "anger" and "joy" with "fear" according to the manufacturer's suggestion in order to
check whether the probability of one of the emotional responses occurring during the respective stimulus
is higher than during a reference stimulus. Furthermore, these comparisons are also be supported by

literature. Studies on learning situations have shown that

(® Learning outcomes are influenced by curiosity and passivity. Curiosity promotes learning
performance and knowledge exploration (Markey & Loewenstein, 2014; Krapp & Prenzel,
2011). Passivity, however, prevents a focus on the current learning situation (Lewalter &
Schreyer, 2000; Mulryan, 1992).

(® To be able to process learning tasks, attention is essential (Lombrozo, 2016; Roth, 2011; Rosler
et al., 2009), but anger can also develop. Whenever students feel anger, their attention may
decrease (Mees, 2020; Siyez, 2017).

® Joy and fear occur regularly in everyday school life. G6tz et al. (2004) showed that students
experience different levels of fear and joy during learning. While the performance expectations
of some students are positive (joy), other students are afraid of failure (fear) (Lohrmann et al.,
2011).
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3. Research question

Can primary school children’s emotional responses be accurately measured using physiological
data with the BM Sensor Wristband?

We hypothesize that when comparing two contrasting emotional responses, the probability of
occurrence of the induced response is higher than in the non-induced response.

4. Method and data

4.1. BM Sensor Wristband and BM emotion classification

Based on the categorial emotion theory (Levenson, 2011; Panksepp & Watt, 2011), the BM
technology generates a typology of six different emotional responses based on continuously captured
physiological data, such as skin conductivity and skin temperature, via a sensor wristband (Figure 1).
The emotional response typology categories (Table 1) include appetitive responses: “joy”, “curiosity”

b
99 (13

and aversive responses: “fear”, “anger”), homeostasis (“attention”) and deactivation (“passivity”).
Appetitive and aversive responses (“joy”, “curiosity”, “fear” and “anger”) are typically short-term
reactions (Ekman, 1999, Martinent et al., 2012); therefore, data on the occurrence (“moments”) can be
recorded. The homeostasis and deactivation responses (“attention” and “passivity”) are sequential
episodes that can be classified after a certain period of time (Janig, 2008). Therefore, for “attention” and

“passivity” the duration (“periods”) must also be recorded.

LY 4
Figure 1. BM Sensor Wristband.
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Table 1
BM typology of emotional responses.
SC¥ST® based emotion . BM .
emotional response . . Perceived as
response classification
.. jo “joy”
Appetitive responses oy - . “J Yo ’s “moments”
curiosity, surprise curiosity
fear “fear”
Aversive responses « " “moments”
anger, stress anger
attention, vigilance, well-
9 g b “moments”

Homeostasis being, hedonic pleasure “attention” o~
and “periods

passivity, disinterest, shut-
Deactivation off, mental withdrawal, “passivity
tired, deeply relaxed

’ “moments”
and “periods”

Notes. * Skin Conductance. ® Skin Temperature.

4.2. Stimuli

Validated stimuli, such as those defined by the International Affective Digitized Sounds (IADS-
2) and the International Affective Picture System (IAPS) and the Geneva Affective Picture Database
(GAPED), could not be employed because these stimuli were developed by using responses of the adult
population. Since the participants in this study were primary school students, the stimuli had to be
adapted to their age and stage of development (see Table 2). The adapted stimuli were evaluated by 25
adult experts. Each expert was presented with a selection of various stimuli on a screen in a quiet room.
Each example was then rated for its supposed effect on emotional responses in children of primary
school age. In addition, 12 children (M = 8.9, SD = 1.34, 67% female) were interviewed regarding their
occurring emotions when monitoring the stimuli. In this way, their physical reactions, such as facial
expressions and gestures, could also be evaluated. This selection procedure resulted in the stimuli listed
in Table 2. Finding stimuli for anger and fear was particularly challenging. To provoke anger, we had a
stimulus in which the children were promised a gift that they ended up not receiving. However, this led
to sadness and disappointment rather than anger. It was only when we inserted the repetitive counting
task that the students reported perceived anger. To provoke fear, we told the children a scary story with
spooky pictures. However, this story generated many laughs and thus rather joy instead of fear. Thus,
we developed a video clip showing Shere Khan attacking Mowgli and evaluated the reaction by the 25
adult experts and the 12 children. Based on their feedback, we decided to use this fear stimulus instead.
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Table 2

Overview of the stimuli

BM classification Stimuli Content and duration

(13 29

Joy

e i Video: magic trick (34 sec)
curiosity Video: magic trick resolution (39 sec)

Picture and sound of mewling kittens (13 sec)

N Watching a car draw-by-numbers video: (25

“attention” T
R sec)
“foar” Video: Shere Khan attacking Mowgli (26
sec)
12 5 Repeated counting task: Count correctly to
“anger” ten (and you will get a treat), feedback:
something was wrong

“passivity” N Watching a picture of a light bulb (20 sec)

4.3. Sample

This study used repetitive measurements and was initially conducted with children of the first
to fourth grade children, which corresponds to the four years of primary school in Germany (Sample 1).
Subsequently, as a validation and specification of these results, we repeated the study with third and
fourth grade children (Sample 2). Standard procedures were used for recruiting participants: Written
informed consent, approved by the university institutional review board and the school board, was
obtained from the parents of each participant. Students were drawn from 6 primary schools in rural
Germany. Participation in the study was voluntary, and the students were able to revoke their consent
at any time during the course.
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Sample 1 consisted of 113 children between 5.2 and 11.4 years of age (M =28.7, SD=1.12, 58%
female). Sample 2 consisted of 164 children between 8.1 and 11.2 years of age (M = 9.9, SD = .66,
56.7% female).

4.4. Procedure

The study was conducted in a classroom in the primary school that the children attended. The
students’ desks and chairs were arranged in rows. Two workplaces that were separated through blinds
were assembled on each table, so that each child was as undisturbed as possible. Each workplace
consisted of a tablet PC, a BM Sensor Wristband, and headphones. A group of maximum 10 students
each were welcomed into the classroom and assigned to a workplace. Next, the sensor wristbands were
strapped on. The children were told that they would be playing a computer game with different tasks
and that they would receive candy as a reward. Before the game was started, the teacher explained the
different tasks and ensured that everyone understood. It was also made clear that when the children were
finished, they would have to remain quietly at their places until everyone had finished. Since the school
staff was informed about the implementation of the study, the survey was not disturbed from outside. If
a child needed help, the child was spoken to very quietly at the workplace as not to disturb others. This
was noted in the study protocol. If a child needed substantial help (more than once), the data was not
included in the study (sample 1: 2 cases; sample 2: 0 cases). To start, the children put on headphones
and opened the app on the tablet PC. Although the children worked in parallel, each worked at their own
pace according to how quickly they completed each task. The stimuli were presented in the following
order to mix the expected positive and negative emotional responses:

“curiosity” (magic trick)

“passivity” (light bulb)

“fear” (Shere Khan is attacking Mowgli)
“joy” (mewling kittens)

“anger” (repeated counting)

“attention” (car draw-by-numbers)

AN e

Moreover, each stimulus was followed by a flower/balloon/fish draw-by-numbers video with
the aim of avoiding spill-over effects over consecutive emotional responses and to re-establish attention
and the baseline.

According to Nakasone et al. (2005), acquiring and analysing physiological data always faces
the so-called baseline problem. The baseline problem implies that it is difficult to identify a response
(the baseline) to which physiological changes can be compared. Therefore, the event-related skin
conductance responses (SCR values) were first transformed into phi values using the transformation
procedure for area correction (Lykken, 1972) in order to compare the responses of different subjects.
Afterwards, the current SCR reaction intensity was calculated. These express the average increase in
skin conductivity per unit of time (i.e. per second). The data could then be reduced to response peaks
(local maxima) in an individual response curve.

4.5. Physiological measurement

The BM Sensor Wristband acquired the physiological data. The original wristband has been
adapted for usage with children (Figure 2). The overall size of the wristband was reduced, as it was
originally developed to fit adults’ wrists. In addition, the length of the wristband can be extended to fit
wrists of different sizes. A child-friendly fabric was employed for the complete wristband (textile
housing and extension). By wearing the wristband, the following parameters were captured at a 10-Hz
rate: skin conductance, skin temperature, ambient temperature, 3-dimensional acceleration, and pressure
force on electrodes. This raw data was stored locally on the SD card of the wristband.
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Figure 2. Child-compatible BM Sensor Wristband.

4.6. Data preparation

By using two different kinds of electronic devices (tablet PC and sensor wristband), two types
of data was generated:

a) Subjective choice data via normal computer-human interaction of the developed application.
For each child, the interaction with the tablet PC application was automatically protocolled in a
data matrix with one line for each action. Each action was time stamped.

b) Physiological parameter data in tab-delimited ASCII format. As the capture rate was 10 Hz, the
data matrix consisted of one line for each reading, which means that one second of data
collection led to 10 observation lines. As children wore the wristband for 45 minutes, one block
of emotional response induction was recorded for a duration of 45 minutes, which resulted in
45*%60*10 = 27 000 observations. After automated purge of changing contact quality related
artefacts, skin conductance and skin temperature were used to reach a classification according
to the BM emotional responses classification system. BM automatically applied its algorithm
and, using interval wise regressions, provided a dataset where raw physiological reaction data
were replaced by ratio-scaled scores of emotional responses, such as “joy”, “curiosity”, fear”
and “anger”, as well as binary information regarding “attention” and/or “passivity”, given on a
moment-by-moment basis. However, due to the manufacturer, we are not able to present the
algorithm.

As both the tablet PC application data and wristband parameter data were time-stamped, data
could then be merged via corelating timestamps. This approach enabled the analysis of the physiological
data by intervals, which were characterized by their concurrent stimulus presentation. If technical errors
occurred, for example, if there was an instruction or application error or time stamps were missing, these
cases were excluded from the analyses (sample 1:4 cases; sample 2:13 cases).

4.7. Methods of analyses

To evaluate the validity of the BM emotional responses classification, statistical analyses were
performed by contrasting the outcomes of emotional response classification for the inductive stimulus
interval with the classification outcome for a reference stimulus interval.

Hence, we used the following contrasts:
& magic trick vs. light bulb, focusing on “curiosity” and “passivity”
& yepeated counting task vs. car draw-by-numbers video, focusing on “anger” and “attention”

& Shere Khan attacking Mowgli video clip vs. mewling kittens image, focusing on “fear” and “joy”
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For the emotional responses “joy”, “curiosity”, “fear” and “anger”, as well as “attention” and
“passivity”, binary information regarding occurrence on a moment-by-moment basis was analysed. For
“attention” and “passivity”’, which were perceived as time periods, the durations of these episodes were
analysed. The merged data matrix led to a hierarchically multilevel data set with subject as level 1 and
measurement time as level 2. According to Singer & Willett (2003), this is adequate for this type of
multilevel data structure, contrast effects were estimated by running mixed models. In the case of ratio-
scaled dependent variables (duration of episodes), linear regression mixed models were applied; in the
case of binary occurrence of emotional responses, logistic regression mixed models were utilized. The
dependent variable was the occurrence of an emotional response (yes/no) and the predictive variable
was the respective stimulus.

5. Results

5.1. Descriptive Statistics

Table 3 provides an overview of the occurrence rates of emotional responses during the selected
stimuli that show that the occurrence of emotional responses is rather low with a large standard
deviation. Focusing on the coupling of the emotional responses suggested by the manufacturer of the
BM sensor wristband, the descriptive data supports the examination of the contrasts between "curiosity"
and "passivity", "attention" and "anger" as well as "joy" and "fear", as we found that the frequency and
duration of each emotional response seems higher during the induced stimulus than during the reference
stimulus.

Table 3
Means (M) and standard deviations (SD) for the overall occurrence (moments) and durations of
contrasted Emotional Responses during the selected stimuli

Stimuli Emotional response
Sample I  Sample2 Sample 1  Sample 2 Sample 1 Sample 2
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
moments of “anger” T;?;iztsn?f duration of “attention” (sec.)
car draw-by- .023 .054 .629 725 15.005 11.767
numbers (.170) (.226) (-483) (-447) (7.343) (7.487)
. .034 114 .507 .655 9.372
rep. counting (181) (318) (500) (475) (3.605) 6.322 (3.409)
moments of moments of . e
R w e duration of “passivity” (sec.)
curiosity passivity
. .034 .048 .149 132 10.445
light bulb (227) (224) (356) (339) (6.703) 4.276 (3.512)
o .063 .053 .090 .061 10.195
magic trick (243) (213) (325) (326) (7.803) 4.036 (3.161)
moments of “fear” moments of “joy”
mewling 011 .031 .073 .061
kittens (.105) (.175) (:260) (.240)
Shere Khan .028 .094 .049 .069
(.165) (.291) (.216) (.270)
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5.2. Contrasts between magic trick and image of a light bulb: “curiosity” and “passivity”

The first analysed stimuli were magic trick and light bulb (see Table 4). We calculated the
occurrence of emotional responses such as “curiosity” and “passivity” during the stimulus magic trick
compared to the stimulus light bulb. The results showed for both samples, that the prevalence of
moments for "curiosity" was higher and "passivity" was lower during the magic trick stimulus compared
to the /ight bulb stimulus. The results for the duration of periods of “passivity” showed that “passivity”
periods were shorter during the magic trick stimulus than during the light bulb stimulus.

Table 4

“Curiosity” and “passivity” during watching a magic trick video compared to looking at an
image of a light bulb

BM Emotional
Response Prevalence of Moments * Duration of Periods®
Classification
odd ratio* (SD) b-coefficient” (SD)
Sample 1°¢ Sample 29 Sample 1°¢ Sample 2¢
“curiosity” 1.853** (.211) 1.230* (.085)
“passivity” S99%** (1043)  .310%** (.047) -2.513%*%* (.063) -1.360%** (.161)

Notes. * Logistic mixed effect model. ® Mixed effect model. ¢ 1st - 4th graders. ¢ 3rd and 4th
graders. *** p<.001, ** p<.01, * p<.05

5.3. Contrasts between repeated counting task and car draw-by-numbers: “anger” and
“attention”

The second analysed stimuli were repeated counting and car draw-by-numbers (see Table 5).
We calculated the occurrence of emotional responses, such as “anger” and “attention”, during the
stimulus repeated counting compared to the stimulus car draw-by-numbers. The results showed for both
samples, that the prevalence of moments for "anger" was higher and "attention" was lower during the
repeated counting stimulus compared to the car draw-by-numbers stimulus. The results for the duration
of periods of “attention” showed that “attention” periods were shorter during the repeated counting
stimulus than during the car draw-by-numbers.
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Table 5

“Anger” and “attention” during repeated counting compared with the viewing of numbers
getting connected with strokes to form the picture of a car

BM Emotional

Response Prevalence of Moments * Duration of Periods"
Classification
odd ratio“ (SD) b-coefficient® (SD)
Sample 1°¢ Sample 29 Sample 1°¢ Sample 2¢
“Anger” 1.482% (.219)  2.34*** (.940)
“Attention” S32%*¥* (1037)  .63*¥** (.019)  -57.29*%** (3.462)  -58.3*** (4.810)

Notes. * Logistic mixed effect model. ® Mixed effect model. © Ist - 4th graders. ¢ 3rd and 4th
graders. ¥** p<.001, * p<.05

5.4. Contrasts between Shere Khan attacking Mowgli and mewling kittens: “fear” and “joy”

The third analysed stimulus was Shere Khan attacking Mowgli and mewling kittens. We
calculated the occurrence of emotional responses, such as “fear” and “joy”, during the stimulus Shere
Khan attacking Mowgli compared to the stimulus mewling kittens (see Table 6). The results showed for
sample 1 that the prevalence of moments for "fear" was higher and "joy" was lower during the Shere
Khan attacking Mowgli stimulus compared to the mewling kittens stimulus. In sample 2, the results
pointed in the same direction, however, the contrast was not significant. “Fear” and “joy" were not
perceived as episodes; therefore, their duration was not analysed.
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Table 6

“Fear” and “joy” during watching the scene of Shere Khan attacking Mowgli
compared to looking at mewling kittens

BM Emotional

Response Prevalence of Moments *
Classification
odd ratio® (SD)
Sample 1° Sample 2 ¢
“fear” 2.801%** (.786) 3.25%* (1.548)
“joy” 394%** (.066) 1.154 (.353)

Notes. * Logistic mixed effect model. ® st - 4th graders. ©3rd and 4th graders.
% p<.001, ** p<.01

6. Discussion

Overall, our results indicate that emotional responses can be analysed validly based on
physiological data such as skin conductivity and skin temperature in primary school children. Thus, they
confirm and expand the findings of Bergner et al. (2013) and Li et al. (2016), who examined this
measurement method on adults. Hence, the measurement of physiological data could contribute to a
more accurate recording of emotions in young children, which has been highlighted as an important
requirement for understanding emotional and motivational processes during learning (Turner &
Trucano, 2014). Young children’s developmental constraints, which have an impact on retrospective
recording methods such as self-reports (D’Mello & Graesser, 2007; Turner & Trucano, 2014), could
thus be avoided. Therefore, by using the BM system, we hope to have identified a way to go beyond
self-reports (Jarvenoja et al., 2018).

The results showed that, the respective induced emotional responses occurred primarily during
the corresponding stimulus, however, the values of the descriptive statistics are rather low. Considering
that these are mean values that also include subjects with a value of 0, i.e. who showed no reaction, the
results are plausible. Interpreting the results of the descriptive data, it was noticeable that both the
induced and the non-induced emotional responses occur during the stimuli. This could be possible
because a) spontaneous or non-specific changes also occur in the absence of an identifiable stimulus
(Boucsein, 2012), and b) stimuli enhance specific emotional responses, but these do not always occur
exclusively (Kreibig, 2014). Accordingly, although our results indicate that the emotional responses
occurred primarily during the corresponding stimulus, we cannot be sure that these emotional responses
were exclusively based on the stimuli.

In both samples, according to the contrasting analysis, emotional responses “curiosity”,
“attention”, “fear”, “anger” and “passivity” were high or low, respectively. Thus, we assume that our
expectations on the emotional induction outcome of different stimuli were met. Accordingly, in the light
of the studies by Kreibig (2010) and Immordino-Yang & Christodoulou (2014), we managed to evaluate
emotional responses via physiological data. However, although the expected fear-producing stimulus

(Shere Khan attacking Mowgli), induced more “fear” and less “joy” response moments than the joy-
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producing stimulus (mewling kittens), the value for "joy" was not significant in sample 2. The
interpretation of the results of the non-significant value for "joy" could possibly be based on the different
age composition. It could be possible that older children experienced similar amounts of “joy” during
the two stimuli Shere Kan attacking Mowgli and mewling kittens. Possibly, the older children were
aware that the film scene was fictional and therefore not really dangerous but also funny. To better
investigate the “joy” responses compared to the “fear” responses, a different stimulus should be chosen
for older students in future studies.

In sum, capturing physiological data and thus drawing conclusions regarding individual
emotional experiences during learning can provide a more accurate understanding of the occurrence of
different emotional responses and how these can influence learning. If it were possible in future studies
to systematically and comprehensively analyse the dynamic interplay of emotional activities with regard
to learning processes more precisely, we will be able to better understand the learning processes of
children. This research would be especially beneficial if the learning processes of younger children are
to be studied, as they still have limited working memory capacity, and their emotional responses are
often difficult to capture through conventional self-reports (D’Mello & Graesser, 2007; Turner &
Trucano, 2014). Hence, the analysis of emotional responses during learning using physiological data
may help to elucidate why some students learn successfully, while others have difficulties developing
the resources to be academically successful (Pintrich, 2003). The capture and analyses of emotional
responses can provide initial insights into the frequency with which emotions occur during learning.
Our study can be understood as a first step towards measuring and understanding primary school
children’s emotional responses using physiological data.

In future studies, the BM system might enable us to investigate the occurrence of emotions and
learning processes more closely, as stipulated by Pintrich (2003). If we can capture emotional responses
via physiological reactions in primary school-age children, we would be able to associate them with
learning outcomes. Achieving a better understanding of the wide variety of emotions and fundamental
processes of engagement in learning that arise during children's learning processes, such as joy,
curiosity, attention, fear, anger, or passivity, may help us design learning environments that are more
suitable for primary school children and help them improve their learning (Rodriguez et al., 2012; Shen
et al., 2009). Thus, in a future study, we want to examine emotional responses during learning in more
detail. This research may help to determine appropriate teaching methods to support children's learning
processes according to their needs.

7. Limitations

Capturing physiological data results in large, complex and context-specific data sets. The
evaluation of the raw data is a considerable challenge (Jirvenoja et al., 2018). The handling of missing
or blurred data using traditional statistical techniques, modern data mining and machine learning
techniques has not yet been sufficiently examined on this type of data (Azevedo, 2019). In addition, the
classification of physiological data as emotional responses, especially in different contexts, is still
insufficiently researched and have not been sufficiently empirically validated (Harley, 2015). In order
to complement standardized survey methods, it is essential to use measurement devices that reliably
capture physiological data and meet research standards (e.g., measurement frequency or filtering of
artefacts) (Gravina et al., 2017). Many commercially distributed devices are available, but we trusted
the BM Sensor Wristband, as it has already been used and tested on adults in cooperation with the Gesis
Leibniz Institute for the Social Sciences (Li et al., 2016; Papastefanou, 2013) generating validated
results. However, to achieve full validation of the sensor wristband, it would be necessary to perform
the same procedure with other devices available on the market and compare them. Besides, data are
interpreted based on the algorithms of the devices (Lohani et al., 2019). In this study, we note that we
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are not able to present the BM emotional response classification algorithm. This makes the evaluation
of the results much more difficult than if it could be presented, which is why we also verified our results
via a second sample. In addition, we have tried to be as careful as possible in selecting and evaluating
the stimuli. The actual study was based on the measurement of the physiological data of the emotional
responses of the students. However, tracking the facial expressions or gestures of the students during
the confrontation with the stimuli would certainly have provided further valuable insights into the
validity of the measurement. Accordingly, our study is only a first step in validating the BM sensor
wristband and further validation would be useful, for example by comparing occurring emotional
responses with the observation of students' facial expressions and gestures in authentic learning
situations.

The findings of the present study rely on two samples that consist of children from first to fourth
grade. For more specific applications, it might be worthwhile to analyse age-related subgroups
separately to control differential stimulus effects. However, this approach would require a larger sample.
With the second sample, we have attempted to take a first step in this direction. Moreover, these analyses
were group-based and findings that hold for groups cannot be generalized to within-person processes
(Hamaker, 2012). Therefore, the classification system might not be reliable enough to be used at the
level of the individual students and individual emotions.

Finally, the analysis was limited to six emotional responses and performed by comparing the
physiological data of two contrasting emotional responses and two contrasting stimuli with each other.
In addition, no counterbalance was created to the sequence of stimuli. However, students constantly
experience a variety of emotions, not only the selected six emotional responses but also others such as
hope, pride or shame which cannot be captured with the instrument. If such devices are to be used in
authentic learning situations, it will be even more difficult to identify the stimuli that trigger emotional
responses in the context of learning, as emotional responses can be based on any causal contexts, such
as teacher, task, social context, personal thoughts, peer behaviour and physical needs which cannot be
separated (Lewis, 2000). Moreover, the setup of the current study required a rather passive movement
behaviour of the children. In authentic learning environments, children might move more, which could
have an impact on skin conductance and thus emotional response data (Endedijk et al., 2018). Although
the BM Technology compensates movement artefacts by using simultaneously measured data on
electrode contact quality and acceleration (Nuiiez et al., 2018; Resch et al., 2015; Zeile et al., 2015),
further studies should consider this limitation. Accordingly, we cannot assume with certainty that the
instrument would function in an authentic learning situation which allows for more movement and
where the stimuli are not controlled. Thus, the combination with other forms of data collection (e.g.
video recordings or questionnaires) seems to be crucial and offers the possibility to expand and further
refine the use of emotion measurement procedures in educational research. (Harley, 2015).

7.1 Conclusions

Despite these limitations, the results of this study indicate that the BM system is capable of
validly measuring emotional responses via physiological data in primary school children. It can capture
multiple data sets per second without the selfreport bias, allowing rapid and dynamic transitions of
emotional responses to be tracked (Harley, 2019). The BM system as a physiological measuring device
offers a promising method in the context of learning research in capturing emotion responses at a
granular level (Harley, 2015). In the future, it might be possible to capture physiological responses and
their trajectories during teaching and learning processes and thus explore the reciprocal influence of
emotional responses and learning processes.
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Key points

(® Positive and negative emotions influence learning processes; thus, it is crucial to capture the
trajectories of emotional responses during learning.

(®  Children of primary school age still have limited capacity of working memory; thus, it is
difficult to capture emotional responses during learning.

®  We stimulated appetitive and aversive emotional responses in children of primary school age
with a specifically developed app.

®  We used this app to validate the BM Sensor Wristband, capturing emotional responses of
primary school children.

® We demonstrated that we were able to capture emotional responses of primary school
children with the BM Sensor Wristband.
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