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Letter from the Editor

In Richard E. Nisbett’s The geography of thought: how Asians and West-
erners think differently...and why, a common, recurring theme is that
human beings are governed by culture. Their perceptions, behaviour,
and biases are heavily influenced by the environment around them.
Even how they think of themselves are influenced by the people they
surround themselves with.

Similarly, in cognitive science, how we see ourselves is deter-
mined by the type of vehicle we place ourselves in—language, behav-
iour, theories of mind. All of this accumulates in cognition, the heart
and soul of what studying Cognitive Science means.

It is our pleasure to introduce the 2023 edition of the Canadian
Undergraduate Journal of Cognitive Science. This year’s volume ex-
plores 11 papers, each one presenting numerous exciting areas with-
in Cognitive Science and engaging with contemporary thoughts and
ideas. These papers are presented with accompanying pieces of cog-
nitive science-themed artwork and header doodles, all created by
undergraduate students from universities across Canada.

Throughout this journal, our student authors look at and discuss
cognition through a lens that is unique to them, a lens that encom-
passes their individuality and the various influences in their life.
From analyses of learning to unconscious preferences, from under-
standing the chimpanzee mind to communicating through emojis,
each paper presents a different perspective on cognition.

We hope that as you read through the next 11 papers, each dis-
cussing a different angle and story of cognition, you can gain a deep-

er, and more varied, understanding of what Cognitive Science is.

Hilary J. H. Tsui & Mark Giles, Editors-in-Chief
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Abstract

This exploratory study investigated whether younger and older people dif-
fer in the extent to which their comprehension of emojis activates associated
affective content based on the priming effects of the participants in an affec-
tive emoji-word priming experiment. No notable priming effect on accura-
cy and reaction time (RT) was observed in the emoji-word priming experi-
ment among the two age groups, suggesting that emojis do not significantly
influence the results of linguistic processing among people in different gen-
erations. However, several limitations in the research method, experiment
design, and procedure were identified. Future research on age and emojis

with comprehensive approaches is encouraged.

Keywords: age, emoji, priming, linguistic processing.
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Introduction

Emojis are digital pictograms developed from emoticons and inter-
nationalized since 2009 (Giannoulis & Wilde, 2019). They have been
widely adopted to compensate for the boundaries of expressing emo-
tions unambiguously through words under the demand for speed and
the dearth of nonverbal cues in online text communication
(Karpinska et al., 2019). Over 90% of the online population across the
globe uses emojis in everyday interactions (Daniel, 2021); however,
interpretations of emojis vary across people of different back-
grounds, resulting in inconsistent interpretations and sometimes
miscommunication (Danesi, 2017).

With the increase of the global ageing population, variations of
emoji usage and interpretations among people of different ages have
drawn scholars’ attention in the past decade. Several corpus-based
studies have described age differences in emoji usage in terms of fre-
quency, preference, and valence interpretation, which defines as an
individual’s subjective attitude toward an entity, either positive or
negative (American Psychological Association, n.d.). Younger users
tend to include more emojis in texts than older users (Ldopez-
Santamaria et al., 2019) and prefer using emojis representing emo-
tions, as opposed to older people who favour emojis portraying peo-
ple and objects. This was shown in the research of Sun (2021) that
younger people tended to employ “smile” emojis with positive con-
notations to express negative meanings, while older people are more
likely to use them to demonstrate positive feelings. Some survey-
based research has also observed similar patterns (e.g. Herring &
Dainas, 2020). Nevertheless, contrary to these results, a number of
other investigations using similar approaches have failed to observe
notable age differences in emoji use and understanding (e.g. Gallud et

al,, 2018; Jaeger et al., 2018; Weif et al., 2020).
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Age influence on emoji usage and interpretations remains
indefinite based on the irreconcilable results of the previous studies
with traditional corpus- and survey-based methods since they in-
volve numerous variations such as applications, contexts, and digital
devices. It implies a need for a different approach to emoji research
regarding age, which can remove the impact of possible variations in
daily communication. Priming is one of the examples. It is a tool con-
veying the processing of how a stimulus (prime) impacts one’s reac-
tion to a subsequent stimulus (target) in terms of speed based on their
relatedness (Janiszewski & Wyer, 2014). If a respondent reacts faster
to a target preceded by a related prime than the one after an unrelat-
ed prime, the related prime activates the target. Recently, Yang et al.
(2021) published the first emoji study with a priming approach. An
affective priming experiment was implemented on young people in
China aged 19 to 26. With evidence from Event-Related Potentials
(ERPs), the study shows that emojis contain affective content (the
involvement of emotion and feelings) (American Psychological Asso-
ciation, n.d.), which thus helps facilitate the processing of subsequent
affective words with a similar valence. However, age differences were
not taken into account in the research.

This research takes the priming approach of Yang et al. (2021) as
a reference in order to see whether younger and older people differ
in the extent to which their comprehension of emojis activates asso-
ciated affective content. Similar to Yang et al. (2021), participants
read target words (positive or negative affective words) preceded by
related or unrelated emoji primes; as this is an exploratory study, I
measured their reaction times rather than event-related brain poten-
tials. If participants respond faster to words preceded by a related
emoji than words preceded by an unrelated emoji, this would be evi-

dence that participants accessed the affective content of the emoji
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and that it aided in lexical access. Furthermore, if the size of this re-
action time difference (the priming effect) differs between younger
and older speakers, it would be evidence of an age-based difference
in the comprehension of emojis. In addition to the emoji-word prim-
ing task, participants also completed a traditional word-word prim-
ing task, in which they read words preceded by related or unrelated
words; this is a control task to ensure priming, in general, is observa-

ble in the sample.
Methods
Participants

Twenty Cantonese native speakers in Hong Kong recruited from The
Hong Kong Polytechnic University campus and personal connections
participated in the priming experiment without remuneration. As
Gallud et al. (2018) suggested, smartphone owners are six times more
likely to use emojis than people without a smartphone. According to
the report of the Census and Statistics Department (2020), the two
youngest and the two oldest age groups in which the percentage of
persons who had at least one smartphone exceeded 95% in 2019 are
aged 15-24, aged 25-34, and aged 45-54, aged 55-64 respectively.
Participants were categorized into two age groups, i.e. “younger”
people aged 18 to 30 and “older” people aged 50 to 64. The younger
group incorporated 11 participants (6 women and 5 men), and the
older group included 9 participants (5 women and 4 men). All partici-
pants were reported as frequent emoji users who have not had any
visual impairment nor reading disorders and did not respond to the

pre-test beforehand in the pre-experiment questionnaire.
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Materials
Emoji Version

Smileys and hand gesture emojis in yellow skin tone, the default col-
our of “people emojis” among the six skin tones (Evans, 2017), in the
WhatsApp version released in August of 2021 (version 2.21.16.20),
were adopted for two reasons: emojis representing faces and human
beings are the most commonly used emojis on the Internet (Miller et
al., 2016), and WhatsApp Messenger is the most prevalent social net-
working and instant messaging app in Hong Kong (SimilarWeb,
2021). To evade possible influences due to variations of display on
different devices, as noted by Miller et al. (2016), all emojis in the
study were shown in JPEG format downloaded from the website of

Emojipedia.
Pre-test for the selection of emoji stimuli

As some emojis may have different connotations for different people,
and the connotations of emojis are continuously changing (Danesi,
2017; Gallud et al., 2018), I first conducted a norming pre-test to
identify emojis that the younger and older groups would be likely to
interpret in similar ways to ensure that the stimuli in the priming
experiment would be emojis with well-agreed-upon affective va-
lence. In line with Yang et al. (2021), an online survey titled “Personal
Interpretation of Emojis” in traditional Chinese without a time limit
was created with  QuestionPro (available at  https://
www.questionpro.com/t/AUATuZpN2N ). Respondents were re-
quired to rate the positiveness of 129 emojis (97 smileys and 32 hand
gestures) on a 7-point Likert Scale individually, based on their sub-
jective opinions.

A total of 29 valid responses were collected from Hong Kong

native Cantonese speakers with frequent exposure to emojis within


https://www.questionpro.com/t/AUATuZpN2N
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the university community (9 younger women, 5 younger men, 9 old-
er women, and 6 older men), none of whom took part in the priming
experiment afterwards. The average positivity score of each emoji
among the two age groups was calculated respectively by averaging
the Likert scale ratings across participants within the group, and the
average positivity score among older people was subtracted from the
average positivity score among younger people to quantify the extent
to which a given emoji’s interpretation differed between younger and
older respondents. The smaller the absolute value of the difference,
the more comparable the perceptions among the two parties are. Fig-
ure 1 summarizes the results of the pre-test, which were considered

for picking emoji stimuli in the priming experiment afterwards.
Stimuli

[ selected 80 emojis (59 smileys and 21 hand gestures) whose positivi-
ty difference scores differed by less than 0.6 between younger and
older respondents and whose valences had average positivity scores
across below 3 or above 4 on the 7-point Likert scale. Another 40
emojis were picked randomly from the remaining smiley and hand
gesture emojis to be used as the primes for nonword filler targets, i.e.
vocabulary items that do not exist in the world. Twenty non-smiley
and non-hand-gesture emojis were utilized in the practice section to
avoid any possible unwanted activation before the actual experiment.
All emoji stimuli were displayed in JPEG format with 160 X 160 pix-
els on a white background during the experiment.

For word stimulj, I picked 40 vocabulary items for the 80 emoji
primes from the latest version of the Chinese Valence-Arousal Words
(CVAW) system, CVAW 4.0, which incorporates more than 5,000
affective Chinese vocabulary items with valence scores ranging from
1 (least positive) to 9 (most positive) (Yu et al, 2016). Another 200

non-affective Chinese words were used for i) 120 word stimulj, in-
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Absolute difference in average positivity score
between younger people and older people
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Figure 1. A histogram summarizing the comparison of the average positivity score
between the two groups, i.e. average positivity score of younger people of the emoji
minus average positivity score of older people of the emoji (rounded to the nearest

two decimal places).

cluding 40 word targets, 40 congruent word primes, 40 incongruent
word primes; ii) 40 word stimuli in the practice trials, encompassing
5 as word targets of congruent emoji primes, 5 as word targets of
incongruent emoji primes, 10 as word primes for nonword filler tar-
gets, 10 as word primes for 5 congruent word targets and 5 incon-
gruent word targets; as well as iii) 40 word primes for the nonword
filler targets. The relatedness between word primes and targets is
based on their meanings. Some examples are shown in Table 1. Only
two-character Chinese vocabulary items were involved in the experi-
ment to minimize the variations and limitations caused by the num-
ber of characters of the word stimuli. All word targets shown in
SimSun, font size 20, in black on a white background in the experi-
ment. The full list of primes and targets in different conditions can be
found in the Appendices.

The design of emoji-word pairs considered the positivity scores
of the pre-test and the mean of valence scores of the Chinese vocabu-
lary items in the CVAW system. Emojis with a higher final average

score were matched with terms with a higher valence rating to make



Canadian Undergraduate Journal of Cognitive Science 19
up the congruent pairs and lower valence scores to make up the in-
congruent pairs. Some examples of the matching are summarized in

Table 2.

Table 1: Examples of the matching of word-word pairs

Word target Congruent word prime Incongruent word
(English translation) (English translation) prime
BE (lipstick) AHRE (rouge blush) MEZ (drying)
A (sun) H 5% (moon) 4R (tablet)
BE (ballet) £ (dance) JZZJE (cancer)
iEE) (sports) ZIK (football) 3L (thesis)

A total of 200 trials evenly mixing emoji-word pairs and word-
word pairs were incorporated in the experiment. The first 40 trials
after the instructions at the beginning were for practice, followed by
160 randomized trials comprised of 20 congruent emoji-word pairs,
20 congruent word-word pairs, 20 incongruent emoji-word pairs, 20
incongruent word-word pairs, 40 emoji-nonword pairs and 40 word
-nonword pairs. The stimuli were arranged into multiple lists in a
Latin square design, so that no participant saw the same word or

emoji twice and each word appeared in each condition. (For example,
the target word #&#p “colourful” was preceded by an affectively con-

gruent emoji for half of the participants and by an affectively incon-

gruent emoji for the other half of participants).
Design and procedure

The experiment was conducted via DMDX (Forster & Forster, 2003).

The participants’ task was to indicate, as quickly and accurately as
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possible, whether each target word was a real Chinese word or a
nonword. Participants made their responses by pressing the left or
right Shift key only when they saw the target. They did not have to
press anything when the prime was displayed. All primes were shown
on screen for 360 milliseconds before the occurrence of the target,
which disappeared when participants pressed a Shift key or the
timeout duration (i.e. 2500 milliseconds) passed. After a 200-
millisecond inter-trial interval, the prime of the next trial appeared.

Different coloured stickers were employed to assist participants
in finishing the experiment quickly and accurately by lowering the
efforts required to memorize the rules over the entire task. Partici-
pants were instructed to press the corresponding coloured rectangle
stickers to indicate the validity of formed Chinese vocabulary items:
a green sticker placed on the right Shift key to indicate correct items,
and a red sticker placed on the left Shift key to indicate incorrect
items. Usage of the green and red stickers on the two Shift keys was
highlighted in the Cantonese introductory speech before the com-
mencement of the experiment. During the experiment, no feedback
was provided for participants’ response times or errors in order to
minimize distractions.

All recruited participants completed a short pre-experiment
questionnaire in traditional Chinese on Google Forms to provide
their demographic background information. Eligible participants
were then invited to their most convenient indoor area without
much background noise to take the priming experiment on a porta-
ble 14” ASUS X407U laptop. Participants were only told that they
would work on a short task judging Chinese vocabulary; the invita-
tion and instructions did not emphasize emojis or priming. To mini-
mize the influence of stress on their judgements and reaction times

(RT) during the task, the experimenters created a pressure-free envi-
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ronment by leaving the participants alone and unsupervised. The
entire process took approximately 10 to 15 minutes per participant.
All accuracy and reaction times (RT) data were collected and
gathered in .azk files for further analysis. Only trials with correct
responses were included in the RT analysis, as the RT for targets in-
volving invalid and incorrect responses (i.e. not reacting to the target
within 2500 milliseconds, the time-out duration, or judging a non-
word target as a correctly formed Chinese vocabulary item by press-
ing the inconsistent right Shift key or vice versa) may not reflect
priming effects accurately. Data were visualized using R (R Core

Team, 2022), Excel, and GraphPad Prism.
Results
Accuracy

The percentage of accuracy in responding to the targets in four con-
ditions among younger and older age groups is depicted in Figure 2.
Generally, the two groups achieved more than 80% accuracy when
reacting to the targets in either condition during the experiment.
However, older people tended to have a lower accuracy percentage in
the emoji-word priming experiment (around 80% in both conditions)
than in the word-word task (close to 90% in both conditions), while
younger people, in general, attained over 90% accuracy in all four
conditions.

Figure 2 shows that people responded more accurately to related
targets than unrelated targets, particularly among older participants.
Although priming effects were mostly predicted in reaction times,
not in accuracy, the results indicate a consistency with a priming ef-
fect. In order to examine whether this apparent priming effect in ac-
curacy is robust across participants, two graphs of individual priming

effects in accuracy were made, as illustrated in Figure 3 (Weissgerber
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Percentage of accuracy in responding to targets in each condition
across two age groups

Emaji-related [l Emoji-unrelated [l Word-related [} Word-unrelated

Percentage (%)

Young Older

Age group

Figure 2. Percentage of accuracy in responding to targets in each condi-
tion across two age groups.

et al., 2015; Politzer-Ahles & Piccinini, 2018). Most priming effects in
the accuracy of all participants are zero or close to zero (£5% - £10%),
and the apparent large priming effect for words among older partici-
pants was driven by just two participants and was not present in the
others. I therefore concluded that there is not a substantial priming

effect on accuracy rates in either group.
Reaction times

Figure 4 shows the average reaction time (RT) for each condition of
younger people and older people, offering a broad picture of the re-
sults of the priming experiment. On average, both age groups seem to
have priming effects on the word-word priming task. For younger
people, the average RT of the targets with congruent word primes is
26 milliseconds faster than that of the targets with incongruent word
primes, while for older people, the average RT of the targets with
congruent word primes is 43 milliseconds quicker than that of the
targets with incongruent word primes. However, for the emoji-word

priming task, the two groups tend to react to targets congruent to the
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Figure 3. The priming effects in accuracy (unrelated minus related) of each
participant among the younger people group in both priming tasks. Dots
above zero mean participants reacted more accurately in unrelated condi-
tion than the related condition. Dots are slightly jittered both horizontally

and vertically to avoid completely overlapping one another.

emoji primes 22— 25 milliseconds slower than those with incongru-
ent emoji primes, suggesting that, on average, priming effects might
not occur in the emoji-word priming task among the two age groups.

Two graphs of individual priming effects were also created to
evaluate how robust these results are across participants
(Weissgerber et al,, 2015; Politzer-Ahles & Piccinini, 2018). Figure 5
illustrates the priming effects of each participant among the younger
group in the two tasks. Among the 11 younger participants, the prim-
ing effects of nine participants (82%) are positive in the word-word
priming task, demonstrating strong evidence that a semantic congru-
ent word stimulus can facilitate the processing of the subsequent
word stimulus among younger people. In the emoji-word priming
task, the number of the positive and the negative priming effects tend
to distribute evenly: five younger participants’ priming effects are
above zero, while the remaining six are the opposite, suggesting that

there is no notable priming effect in the emoji-word priming experi-
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Average reaction time (RT) for each condition in two age groups
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Figure 4. Average reaction time (RT) for each condition in two age groups.
ment. A valence-congruent emoji stimulus tends not to activate the
processing of the ensuing word stimulus as a semantic congruent
word among younger people.

The priming effects of each individual in the older group in the
two tasks are depicted in Figure 6. Five out of nine participants show
a positive priming effect in the word-word priming task. Although
the remaining four reveal a negative priming effect, the numbers are
close to zero, whereas the participants with positive priming effects
tended to have quite large effects (note also that the magnitude of the
priming effect for words is larger in this group than it is in the
younger group, 43 ms vs. 26 ms). A semantic congruent word stimu-
lus can also stimulate the processing of the succeeding word stimulus
among older people. In the emoji-word priming task, five partici-
pants have a positive priming effect, while the other four possess a
priming effect below zero. Similar to younger people, the number of
individuals with a positive priming effect and those with a negative
priming effect in the older group tend to distribute evenly. The prim-

ing effects of older people in the emoji-word priming task are not



26 Age Influence on the Effect of Emojis
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Figure 5. The priming effects (unrelated minus related) of each participant
among the younger people group in both priming tasks. Dots above zero

indicate participants who had priming effects in the expected direction.
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Figure 6. The priming effects (unrelated minus related) of each participant
among the older people group in both priming tasks. Dots above zero indi-

cate participants who had priming effects in the expected direction.
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substantial, showing that an emotional word is not necessarily facili-
tated by a prior emoji with a congruent affective content among old-
er people.

Table 3 briefly summarizes the priming effects of younger people
and older people in the two priming tasks. The result presents that
age influence was not identified in terms of the impact of emojis on

processing the succeeding affective vocabulary items.

Priming effect

Emoji-word priming Word-word priming
task task
Younger people No notable priming effect Positive
Older people No notable priming effect Tend to be positive

Table 3: A summary of priming effects of the two age groups in the two

tasks

Discussion

The present study examined priming between emojis and words, as
well as priming between word pairs, in both younger and older read-
ers. For emoji-word pairs, neither group showed a priming effect:
responses to words preceded by related emojis were no faster than
responses to words preceded by unrelated emojis. On the other hand,
for word pairs, both groups of participants showed priming effects,
with faster reaction times to words preceded by related primes rather
than unrelated primes.

The notion that age is not the only but perhaps one of the deter-
minants causing miscommunication arising from emojis is rein-
forced, which is in line with previous studies suggesting that apart
from age differences and the potential factors that this study attempt-

ed to evade (i.e. variations of cultural background and platform di-
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versity), other multifarious factors can generate misunderstandings
led by emojis, such as the unceasing development of the definition of
emojis (Gallud et al, 2018), communication contexts (Gawne &
McCulloch, 2019), personal habits and the social relationship be-
tween the sender and the receiver in the interaction (Herring & Dain-
as, 2020). Since numerous factors other than age may affect the influ-
ence of emojis on words, the differences within an age group seem
more perceptible than the differences between the two age groups.
This may explain the diverse distribution of priming effects in the
emoji-word priming task within each age group in Figures 5 and 6.

Without a notable priming effect in the emoji-word priming task
in both age groups, the assumption that emojis can function as adjec-
tives is challenged. Since the outcomes suggest that a valence-
congruent emoji tends not to activate the processing of the subse-
quent word stimulus as a congruent word prime, this research tends
to contradict the belief that emojis are more than complementary and
have the ability to somewhat replace words (e.g. Danesi, 2017; Thur-
low & Jaroski, 2020; Albert, 2020). Rather, it agrees with the idea that
emojis cannot replace words on a large scale (McCulloch, 2016) and
are mainly “auxiliary means of communication” (Bai et al., 2019, p. 4).
As a complement to written messages, when emojis are employed
individually as a visual prime without a particular context as they
were in the experiment, they may not possess a certain emotional
content and tend not to facilitate the processing of the following vo-
cabulary items with a congruent
valence content linguistically.

The selection of lexical decision task for the emoji-word priming
experiment might also influence the results. Although a lexical deci-
sion task, classifying whether the target is a real word or a nonword,

can help reflect a reliable priming effect in the affective priming par-
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adigm, the small magnitude limits the results, even with a rigorous
control procedure (Ferré & Sanchez-Casas, 2014). Perhaps employ-
ing typical tasks, such as the evaluative decision task, in the affective
priming paradigm, can help obtain more robust and significant re-
sults. The evaluative decision task, or the “affective word categoriza-
tion task” (Yang et al., 2021) involves asking participants to deter-
mine whether the target is positive or negative. Moreover, the design
of the word-word priming control task impacts the outcomes of
priming effects since the relationship between primes and targets in
the two experiments is different. In the emoji-word priming task,
primes and targets are related in terms of meanings’ positiveness, but
they are congruent in terms of meanings in the word-word priming
task, resulting in a more noticeable positive priming effect in the
word-word task than in the emoji-word experiment.

An isolated priming experiment may not be sufficient to mani-
fest age influence on the effect of emojis on the subsequent affective
words exhaustively. In the research of Yang et al. (2021), no priming
effects were demonstrated in the behavioural data of the priming
experiment, but the capability of emojis to boost the attentional level
in succeeding texts with a congruent meaning was concluded with
the electroencephalogram (EEG) data, suggesting that congruent
emojis do not affect the results of linguistic processing but enrich the
attentional level and facilitate better processing due to fewer cogni-
tive demands than incongruent emojis. A future study with proper
control task design and EEG data collection is needed to investigate
the effect of emojis on affective vocabulary items comprehensively.

Several other limitations of the experiment may have also hin-
dered the results, such as the variation in venues where the experi-
ment was conducted and the inconsistent backgrounds of the materi-

als. The valence scores in the CVAW system developed in Taiwan
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might not apply to the perceptions of Hong Kong people pragmati-
cally. As a result, some emoji-word pairs might not be congruent or
incongruent for some participants, leading to inaccurate priming
effects. Ideally, the experiment should be implemented in a designat-
ed language laboratory, with different pre-test tasks. Instead of only
requiring participants to rate the positivity of each emoji with the 7-
point Likert scale, the experiment should either ask respondents to
score both the selected emojis and adjectives or request them to
choose the most related adjectives in the emojis provided. This
change might facilitate the design of the emoji-word trials in the
priming experiment and ensure the pairs are congruent or incongru-
ent in the Hong Kong context.

Finally, the present findings suggest some future research topics
regarding the relationship between age and emojis. Interestingly, the
average RT of the two conditions in the emoji-word priming experi-
ment among older people are much longer than that of younger peo-
ple, compared to the corresponding average RT of the two conditions
in the word-word priming task, as depicted in Figure 4. It tends to be
related to the findings of Koch et al. (2022) that younger people pre-
fer employing emojis that help convey emotions while older people
favour those representing people and objects. As younger people are
more likely to use smiley and hand gesture emojis to give emotional
meanings rather than to illustrate objects and people, older people,
even those who claim to be frequent emoji users, may not be familiar
with the selected emojis in the experiment. This unfamiliarity with
the selected emojis in the experiment could have distracted them
during the lexical decision task, ending up with a longer RT. Howev-
er, this is a speculative suggestion, and a future study with a proper
approach and design should be done to examine and provide a more

concrete conclusion on the relevant issues.
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Conclusion

In summary, the present exploratory study attempted to investigate
whether age-based differences in the comprehension of emojis, espe-
cially smiley and hand gesture emojis, exist. By using an affective
emoji-word priming experiment with a semantic word-word prim-
ing task as a control comparison after a pre-test grasping the latest
general definitions of emojis in Hong Kong based on the reaction
times (RT) and priming effects of each individual and on average, no
notable priming effect was indicated in the emoji-word priming ex-
periment for both age groups, which showed a certain extent of posi-
tive priming effects in the word-word priming task. The results sug-
gest that emojis do not significantly impact the outcomes of linguistic
processing. However, limitations of the experiment design and pro-
cedure might affect the outcomes, and the isolated priming experi-
ment is not enough to conclude the effect of emojis on affective
words besides linguistic processing. Future studies regarding age and
emojis with comprehensive design and advanced statistical analysis

methods are highly recommended.
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Head

A single mind’s where we are stuck

To know others’ thoughts, we're out of luck
But research has shown
Shared goals that are known

4Fs: to feed, fight, flee, and mate

Two Heads
The astonishing power of the brain
Where thoughts run through like a train
But the head and the lips
That sit at one’s hips
Force logical thought to chicane

Head (Part 1)

Angel Martin
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Abstract

Mind wandering is a pervasive phenomenon, accounting for as much as 50%
of the total waking lifespan. While not necessarily harmful, in a context
where one engages in an attentionally demanding task, mind wandering can
be costly. Preliminary studies have shown that mindfulness can reduce the
number of mind wandering episodes. There is less evidence, however, for
how mindfulness affects mind wandering episodes themselves. This is most-
ly due to mind wandering being treated as a dichotomy: either attention is
decoupled from the external environment or it is not. In this study, we use
eye-tracking to pilot a method for investigating mind wandering in a con-
tinuous, rather than binary, manner. Subsequently, we measure how mind-
fulness affects the intensity of mind wandering episodes. Six university stu-
dents completed a reading task and had to report whether they were mind-
wandering every time a probe popped up. Prior to the task, participants in
the mindfulness group had to go through a 10-minute audio-based guided
meditation. Eye-tracking was used to analyze 10 seconds of eye movements
prior to when participants indicated that they were mind wandering. It was
found that eye movement behaviours typical for mind wandering episodes
(prolonged fixation duration and decreased fixation count) were generally
lesser for mind wandering episodes of participants in the mindfulness con-

dition compared to the control condition.

Keywords: mind wandering, mindfulness, eye tracking.
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Introduction
Mind wandering
Prevalence and status quo of the field

Mind wandering is the ubiquitous phenomenon of when the atten-
tion drifts from the task at hand to other unrelated trains of thought
(Christoff, 2012; Smallwood & Schooler, 2015). The contents of mind
wandering can vary from fantasizing about winning the lottery to
deliberate planning about future events, such as thinking about what
to make for dinner (Barnett & Kaufman, 2020; Mooneyham &
Schooler, 2013). Other typical examples of mind wandering include
walking into a room and forgetting why you went there, thinking
about family-related manners while driving to work, or reading a
paragraph of text and then realizing that none of the read text had
been meaningfully processed. The prevalence of mind wandering is
so pronounced, that 96% of American adults experience mind wan-
dering on a daily basis (Singer & McCraven, 1961), further under-
scored by the estimate of mind wandering occupying up to 50% of
the contents of the awake mind (Barnett & Kaufman, 2020; Kill-
ingsworth & Gilbert, 2010; Klinger, 2009; Klinger & Cox, 1987;
McMillan et al., 2013). It is therefore perplexing that it is only in the
past decade that mind wandering has gained significant traction as a
topic of study within the academic community (Smallwood &
Schooler, 2006, 2015). A viable explanation to this might be that it is
due to the reverberations from the behaviourist era of cognitive re-
search, which had a pronounced skepticism directed toward the
study of the inner workings of the mind, the scientific community
has been more tentative toward studying mind wandering (Callard et
al., 2012; Smallwood & Schooler, 2015).
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Another challenge that the field faces is similar to the one of cre-
ativity, which has faced problems with incoherent terminology: there
are a plethora of different terms for the same cognitive phenomenon
(Barnett & Kaufman, 2020). A multitude of the words are synonyms
of each other while some of the terms slightly differ from each other
in their definitions. The terminology has such a lack of consistency
that a multitude of researchers have in their article included an ex-
tensive nomenclature of the different terms used within the field
(e.g., Christoff, 2012; Gruberger et al., 2011). This variability is show-
cased by the following, non-exhaustive list of terms that have been
used in lieu of “mind wandering” “daydreaming, spontaneous
thought, fantasy, zoning out, thought intrusions, task-irrelevant
thoughts, perceptual decoupling, stimulus-independent thought, un-
conscious thought, internally generated thoughts, offline thought,
incidental self-processing, undirected thought, and self-generated
thought” (Barnett & Kaufman, 2020, p. 6). To address this complica-
tion, Barnett and Kaufman (2020) propose “mind wandering” to be
the preferred term in onward research to build common phraseology
within the field and to facilitate “current researchers to connect their
work with the work of scholars who trod similar paths before
them” (McMillan et al., 2013, p. 1). As a continuation, they proceed to
posit that the two most essential components of mind wandering are
intentionality (whether the mind wandering is deliberate or sponta-
neous) and plausibility (how close the contents of the mind wander-
ing episode are to reality)” (Barnett & Kaufman, 2020, p. 7). However,
multiple authors more so emphasize the stimulus-dependence aspect
of mind wandering (Christoff, 2012; Mason et al., 2007; Smallwood
& Schooler, 2015). Stimulus-independent thought (SIT) is the term
used when the internal mental contents occur with little to no rela-

tion to external events. In other words, it is when the train of thought
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is decoupled from current sensory information (known as perceptual
decoupling) (Antrobus, 1968; Christoff, 2012; Schooler et al., 2011;
Teasdale et al., 1993). Conversely, stimulus-dependent thought (also
referred to as stimulus-oriented thought) “reflects attention towards
the current external sensory environment” (Christoff, 2012, p. 53).

There are other proposals on how the taxonomy of mind wan-
dering should be structured (e.g., Smallwood & Schooler, 2015), but a
full assessment of the different taxonomy used within the field is be-
yond the scope of this paper—the above delineation was simply to
outline the status quo of mind wandering and the difficulties that the
field faces. For the remainder of this paper, in alignment with the
abovementioned proposal by Barnett and Kaufman, the term “mind
wandering” will be employed when referring to the mental phenome-
non of when one’s thoughts and attention shift away from the task at
hand.

The behavioural and neurocognitive response to mind
wandering

Due to mind wandering being such a common mental occurrence, it
has been an incentive for researchers to investigate the width and
depth of how both behavioural and neurocognitive measures are af-
fected. In their study investigating mind wandering’s influence on
general aptitude, Mrazek and colleagues (2012) found working
memory capacity (WMC, measured with complex span tasks) and the
reported amount of mind wandering episodes to be significantly neg-
atively correlated, a relationship which since has been replicated nu-
merous times (McVay & Kane, 2012; Robison & Unsworth, 2018). In
addition, they found that measures of gF (fluid

intelligence, measured using Raven’s Progressive Matrices [RPM])
were significantly negatively correlated with mind wandering. Both

of these measures were found to be correlated with the participants’
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SAT (Scholastic Aptitude Test) scores. By employing structural equa-
tion modelling based on the measures of general aptitude and mind
wandering occurrences, they extracted two latent variables: one de-
noting mind wandering episodes during the WMC and gF tasks and
the other denoting general aptitude based on these two measures,
along with SAT scores. The latent variable of mind wandering was
found to explain 49% of the variance in the latent variable of general
aptitude. By extrapolating these results, it is plausible that mind wan-
dering would be correlated with deficits in cognitive performance in
other areas, contingent on the predictive power that the aforemen-
tioned measures of general aptitude have on performance in a wide
variety of contexts (Conway et al., 2008; Deary et al.,, 2007; Frey &
Detterman, 2004; Kane et al., 2005; Rohde & Thompson, 2007;
Schmitt et al., 2009; te Nijenhuis et al., 2007). This proposition is in
line with mind wandering being linked to reduced reading perfor-
mance and comprehension (McVay & Kane, 2012; Reichle et al,,
2010; Smallwood, McSpadden, et al., 2008), reduction of retention of
new information in academic settings (Seli, Wammes, et al., 2016;
Smallwood et al., 2007), and reduced driving performance, including
increased risk of causing traffic accidents (Galera et al., 2012; Yanko
& Spalek, 2014) and medical malpractice (Smallwood et al., 2011).

A possible account of the interrelation between mind wandering
and diminution in cognitive performance is that problem-solving
and working memory involve recruitment of executive resources
(Alvarez & Emory, 2006), which is also the case for mind wandering
(Smallwood & Schooler, 2006). Mind wandering therefore competes
with the task at hand, such as a lecture or a complex span task, for the
coordination and control of working memory resources, which can
result in performance impairment (Kane et al., 2007; Mrazek, Small-
wood, Franklin, et al., 2012; Smallwood & Schooler, 2006). The pri-
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oritization of allocating cognitive resources on either the task at hand
or mind wandering rely on a number of different factors, such as the
incentive for attending the task at hand (e.g., if an individual is not
motivated to attend a lecture, they are more likely to move their at-
tention to task-unrelated thoughts that are more aligned with their
goals) (Seli, Wammes, et al., 2016; Smallwood et al., 2007) or the de-
mands of the task at hand (e.g., a proficient driver is more likely to
switch their attention to unrelated thoughts, such as planning what to
make for dinner, than to attend the undemanding task of driving the
car) (Kane et al,, 2007; Levinson et al., 2012; Mrazek, Smallwood,
Franklin, et al., 2012; Smallwood & Schooler, 2006; Teasdale et al.,
1995).

Multiple studies that have investigated the neurocognitive re-
sponse to mind wandering have found evidence that the brain areas
involved with mind wandering overlap with areas constituting the
default mode network (DMN), a set of cortical regions where activity
within is associated with the absence of a task or when the brain is “at
rest” (Mason et al., 2007; Seli et al., 2016). Researchers have mapped
the most prominent constituents of the DMN, which include the me-
dial prefrontal cortex (medial PFC), the posterior cingulate/
precuneus region, and the temporoparietal junction (TPJ), and found
strong evidence for neural activity in this network is associated with
mind wandering episodes (Christoff et al, 2009a; Christoff, 2012;
Fox et al,, 2015; Mason et al., 2007; McKiernan et al., 2006; Raichle et
al., 2001). Additionally, recruitment of the frontoparietal-control
network, which comprises the dorsolateral PFC and the dorsal ante-
rior cingulate (a network associated with executive control)
(Schooler et al,, 2011), has also been observed during mind wander-
ing (Christoff et al., 2009a; Fox et al., 2015). This positive functional

connectivity between these two networks “might represent a dynam-
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ic interplay whereby executive control regions guide, evaluate, and
select among the various spontaneous streams of thoughts, memo-
ries, and imaginings offered up to consciousness by the DMN” (Fox
et al., 2015, p. 617). Evidence from a brain imaging study has also
showcased the negative functional connectivity between the DMN
and the primary sensory cortices, which is an indication of the per-
ceptual decoupling that coincides with mind wandering (Christoff,
2012; Schooler et al.,, 2011). This correlation is supported by results
from a study conducted by Smallwood and colleagues (2008), where
the amplitude of a late positive component of the event-related po-
tential (ERP) (known as the P3), which is associated with task-
relevant cortical processing, was found to be significantly reduced
during mind wandering compared to on-task cognition. This trend
was also present for both of the amplitudes of the visual P1 and audi-
tory N1 ERP components, which are associated with sensory-level
processing of visual and auditory information, respectively (Kam et
al,, 2011) (Figure 1).

The above findings of decreased neurocognitive response to ex-
ternal stimuli depict the cognitive mechanics behind mind wander-
ing: When attention is shifted from the external sensory environment
to internal trains of thought, due to an interplay between the DMIN
and executive function, it interferes with the online processing of
sensory information. Exactly what role perceptual decoupling plays
in mind wandering has yet to be assessed, although some specula-
tions have been put forth: One possibility is that perceptual decou-
pling is necessary in terms of the generation and sustainment of mind
wandering. According to this view, perceptual decoupling displays
the “flexible reorganization of processes to facilitate a conscious fo-
cus on self-generated information” (Smallwood & Schooler, 2015, p.

501). Similar to when attention prioritizes one modality of sensory
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Figure 1. Differences in task-evoked neural responses between SIT (stimulus-
independent thought, i.e. mind wandering) and on-task cognition. EEG measure-
ments exhibit lower amplitudes in the P3, P1, and N1 ERP components during
mind wandering, indicating that the mental phenomenon tends to be decoupled
from perceptual information from the external environment. Abbreviations: Cz,
central midline electrode (according to the International 10-20 system for EEG
recording, localized by the central region); Pz, posterior midline electrode (localized
by the parietal lobe); PO2, posterior right lateral electrode (localized by the parietal
-occipital lobe); SIT, stimulus-independent thought; EEG, electroencephalography;
ERPD, event-related potential. (Figure reprinted from Schooler et al., 2011).

information over another to receive preferential processing (Posner
& Petersen, 1990), perceptual decoupling may enable mind wander-
ing by interfering with the processing of information unrelated to its
contents (i.e., external sensory information). Another account is that
perceptual decoupling is not a process whose main function is to in-
sulate mind wandering from the external environment, but more so a
corollary of the limited resources of the attentional system (Franklin

et al.,, 2013; Smallwood & Schooler, 2015).

The neurocognitive activation profile of mind wandering is simi-
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lar to the one of creative thinking, where the parallel recruitment of
the DMN and executive brain regions is also present (Christoff,
2012; Kounios et al., 2006; Kounios et al., 2008; Subramaniam et al.,
2009). This similarity illuminates one of the beneficial aspects of
mind wandering, namely its relation to incubation, creative problem-
solving, and ideation (Gable et al., 2019; Schooler et al., 2011). Evi-
dence for this relationship was found through the meta-analysis con-
ducted by Sio and Ormerod (2009), which showed that the creative
benefits of incubation intervals are greatest when individuals are oc-
cupied by a non-demanding (and thus mind-wandering-inducing)
task relative to either a demanding task or no task at all (Schooler et
al,, 2011). Another beneficial aspect of mind wandering is that since it
is often occupied with autobiographical future thinking
(D’Argembeau et al., 2011; Smallwood, Beach, et al., 2008), it is be-
lieved that this type of mental simulation can prepare the individual
for different potential future outcomes, or in other words, plan
ahead, thus functioning as a tool which is necessary to successfully
navigate the complex social world” (Schooler et al,, 2011, p. 321).
The case of mind wandering is therefore not simply something
to be encapsulated as a purely detrimental phenomenon, but that it
also comprises positive aspects. This is although the case for the ma-
jority of the research there has been on mind wandering: In their re-
view of two decades of articles that addressed the costs and benefits
of mind wandering, Mooneyham and Schooler (2013) found 30 pa-
pers that focused on the negative aspects of mind wandering whereas
they only found 6 that addressed the possible benefits. One of the
paradoxical features of mind wandering is that even though it poses
some beneficial aspects, as outlined above, it is nevertheless detri-
mental to the goals of the moment, such as reading a book, complet-

ing a written assignment, or other tasks of everyday life. An im-
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portant research question that has emanated from this conflict is
whether it is possible to retain the positive aspects of mind wander-
ing while diminishing the negative ones—to be able to tune the atten-
tional system in order to both have the ability to engage in imagina-
tive simulation while concurrently curtailing the detrimental conse-
quences of losing focus on the goals of the moment. Initial research
on mindfulness has shown auspicious results indicating it could serve
as an efficacious technique for ameliorating the negative impact
mind wandering has on cognitive performance, both in terms of
reading comprehension and working memory capacity (Jha et al,

2010; Mrazek et al., 2013).
Mindfulness

Mindfulness is the notion of a mental mode that is broadly defined as
“receptive attention to and awareness of present events and experi-
ence” (Good et al., 2016, p. 116). The concept dates back several mil-
lennia and has its roots in Buddhist traditions, where conscious at-
tention and awareness are actively cultivated through mindfulness
practice, typically in the form of meditation (Schmidt, 2011). Being in
a mindful state of cognitive processing is hallmarked by attending
stimuli simply “as they are”, meaning that it is involved with experi-
ential processing as opposed to conceptual processing: “It does not
compare, categorize, or evaluate, nor does it contemplate, introspect,
reflect, or ruminate upon events or experiences based on
memory” (Brown et al., 2007, p. 213; Good et al,, 2016). Furthermore,
it is being aware of thoughts as thoughts, without engaging in them,
but simply being a neutral observer of the contents of one’s own
mind (Brown et al., 2007). Another key aspect imputed to mindful-
ness is its attentional flexibility, which is the ability to direct one’s
attention to different levels. In other words, using visual perception

as an analogy, one can choose to hyperfocus on one object in a visual
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scenery, such as an individual leaf on a tree, thus centring one’s atten-
tion on one of the lowest levels. With attentional flexibility, the spot-
light focus of attention can be widened from focusing on the branch,
to the whole tree, and on to the whole forest, thus adeptly shifting
between the different levels or scopes of attention. In that way, by
using attention more mindfully, one can cultivate a more meta-aware
and neutral view of one’s own thoughts and emotions, and analyze
them from a distance without acting upon them (Brown et al., 2007;
Good et al., 2016). This phenomenological account of increased at-
tentional control is congruent with the findings of mindfulness prac-
tice being linked to betterment of attentional control in terms of re-
ductions in habitual allocation of attention and attention to distract-
ing information (Jha et al., 2007; Tang et al., 2007; Wadlinger & Isaa-
cowitz, 2011; Zylowska et al,, 2008). Neurocognitive measures of
mindfulness are in accordance with this finding as brain imaging
studies have shown activation in brain regions are associated with
executive function, namely the PFC and the ACC, of which selective
attention is a component process (Alvarez & Emory, 2006; Zeidan,
2015). Another area that seems to benefit from mindfulness practice
is cognitive capacity, showcased by observed increments in measure-
ments of WMC (Jha et al,, 2010; Roeser et al., 2013) and gF (Gard et
al., 2014; Tang et al., 2007) followed by meditation, which is hypothe-
sized to be due to the augmentation of the attentional control in-
duced by mindful practice (Good et al., 2016; see also Jha, 2002; Red-
ick & Engle, 2006). Consequently, these findings substantiate the
positive relationship between mindfulness and cognitive perfor-
mance (Mrazek et al., 2013; Smallwood & Schooler, 2015), since
measures of WMC and gF are positively correlated with performance
in a variety of contexts, as mentioned previously, such as SAT score
(Smallwood et al., 2007; Smallwood & Schooler, 2006).
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By juxtaposing the above findings with the cognitive correlates
of mind wandering, as outlined in the previous section, it is possible
to draw out similarities between the two mental states, although in
opposite directions: Mind wandering is negatively correlated with
scores of WMC and gF along with general performance, while mind-
fulness is positively correlated with these same measures. This seem-
ing polarity indicates that these are two opposing constructs; this is
further highlighted by the robust findings of significant dampening
of activity in the DMN for all levels of mindfulness (Brefczynski-
Lewis et al., 2007; Brewer et al.,, 2011; Farb et al., 2007, 2010; Garri-
son et al, 2013; Grant et al,, 2011; Pagnoni, 2012; Tang et al., 2009;
Taylor et al., 2013; Zeidan et al., 2011) along with increased activity
in brain regions involved in sensory processing (Brewer et al., 2011;
Hasenkamp & Barsalou, 2012; Manna et al, 2010; Zeidan, 2015),
since mind wandering is linked to increased activity in the DMN and
perceptual decoupling (i.e. curtailed neural response to sensory infor-
mation). There is therefore substantial evidence to warrant an in-
quiry into whether mindfulness practice is a viable option to amelio-
rate the detrimental effects of mind wandering. Such an investigation
has already taken place: Mrazek and colleagues (2012) found that
mindfulness training significantly decreased the amount of mind
wandering episodes whereas Rahl and colleagues (2017) showed that
mindfulness training had beneficial effects on behavioural measures
of mind wandering performance outcomes, thus establishing “a caus-
al relationship between the cultivation of mindfulness and subse-
quent reduction in mind wandering” (Mrazek, Smallwood, & School-
er, 2012, p. 446). To give an account of the neural mechanisms be-
hind this causal relationship between mindfulness practice and mind
wandering, Brewer and colleagues (2011) hypothesize that the damp-
ening of the activity in the DMN induced by mindfulness is the basis
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of the observed mitigation of mind wandering, although future re-

search is needed to directly test whether this is the case or not.
Gauging effects

The previous section suggests mindfulness practice is promising in
ameliorating mind wandering. It is unclear, however, how great the
effect of mindfulness is on the reduction of mind wandering.

It has been previously shown (Mrazek et al., 2013) that mindful-
ness can reduce the number of mind wandering episodes in healthy
individuals. It should be noted that this study investigates the effect
of mindfulness on the occurrence of mind wandering episodes, ra-
ther than the intensity or strength of these episodes.

Indeed, most mind wandering research deals with mind wander-
ing in a binary nature: whether the participant is currently mind

wandering or not.
A false dichotomy?

The mind is generally described as consisting of different cognitive
processes organized at different hierarchical levels, from early per-
ceptual-motor processes to abstract representations at higher levels
(Gazzaniga, 2009). Mind wandering, however, is dominantly treated

as a dichotomy.

[Tlhe dichotomy-hypothesis proposes that different levels of
cognitive processing are decoupled from external input in an all
-or-none fashion: during task focus all hierarchical levels of
cognitive processing are coupled to the external environment,
but when the mind wanders this coupling breaks down at all

levels. (Schad et al., 2012, p. 180)

The above quote is from an article by Schad et al. (2012), appro-
priately titled “Mind wanders weakly, mind wanders deeply”. The
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study addresses the problem of the dichotomy hypothesis and intro-
duces a model of graded attentional decoupling, which predicts that
cognitive processing of external input fails at different hierarchical
levels. This leads to different degrees of attentional decoupling—
from weak to deep—which is supported by the findings of the study.

An additional argument for the continuous nature of mind wan-
dering can be drawn from the dampening effects mindfulness has on
activity in the DMN; since activation of the DMN can be measured
in a continuous matter, one could argue that this should be extended
to measuring mind wandering on different levels, since the two have
shown to be positively correlated (Brewer et al,, 2011; Raichle et al,
2001).

Furthermore, the continuous nature of mind wandering has been
showcased in a tDCS study by Filmer et al. (2019). The effect of stim-
ulation polarity and the intensity on mind wandering was investigat-
ed, where mind wandering was assessed via a probe asking “To what
extent have you experienced task-unrelated thoughts prior to the
probe? 1 (minimal) - 4 (maximal)” (Filmer et al., 2019). Indeed, it was
found that increments in tDCS intensity led to linear increases in the
reported extent of experienced mind wandering.

The prevalence of the dichotomy-hypothesis within the field of
mind wandering can be attributed to the most commonly used meth-
od used for detecting mind wandering episodes, namely probes ap-
pearing during tasks with a dichotomous “Yes/No” answer option

(e.g., Levinson et al., 2012; Uzzaman & Joordens, 2011).
Self-reports

The most widely used method for collecting mind-wandering data is
the so-called probe-caught method, which involves sampling the par-
ticipants for whether their focus is currently on- or off-task at ran-

dom intervals during the task.
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Whilst an inherently subjective measure, the probe-caught meth-
od has been shown to correlate with objective methods of mind wan-
dering detection: performance measures such as reaction times
(Cheyne et al.,, 2006), text comprehension (Smallwood, McSpadden,
et al,, 2008), memory (Risko et al., 2012) and physiological measures
such as eye movements (Reichle et al., 2010; Smilek et al., 2010).

The probe itself often consists of a simple binary question on
whether the subject's attention is currently directed or not directed
toward the task. In some cases, binary response is replaced with a
scale (e.g., a 5-point Likert scale, see Mrazek, Smallwood, & Schooler,
2012). Even more rarely do the measurements include participants’
reports of the contents of their thoughts at the time of the probe
(Klinger, 1984).

Another approach is the self-caught method, which is based on
participants indicating, at any moment during the execution of the
task, whether their attention has shifted (Giambra, 1989). The ad-
vantage of this method over the probe-caught method is that there
can be an unlimited number of reports, as the reports are not limited
by probe placement. However, this type of reporting requires the
participants to be aware of their internal state, which is also referred
to as meta-awareness (Schooler, 2002), which people often fail to
achieve. This lack of self-awareness of mind wandering episodes is
thought to be caused by mind wandering recruiting the brain regions
that are necessary in order to notice its occurrence (Schooler et al.,
2011).

Utilizing self-reports is a necessary measure required to detect
mind wandering episodes. But it is only that—a measure for detec-
tion. In order to escape the dichotomy problem, self-report methods
should be enriched with other sources of data (Hawkins et al., 2015).

These would include posture (Seli et al., 2014), reading speed (Kopp
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et al, 2015), brain activity (Christoff et al, 2009), eye movements
(Foulsham et al., 2013a), eye blinks (Frank et al., 2015), and pupil di-
ameter (Franklin, Broadway, et al., 2013).

As seen above, in addition to industry-established self-caught and
probe-caught techniques, mind wandering can be confidently detected
using multiple ocular metrics, which speaks to the reliability and ro-
bustness of utilizing eye-tracking. Indeed, multiple studies (Bixler &
D’Mello, 2014; Schad et al., 2012; Uzzaman & Joordens, 2011), since
the mainstream introduction of the method by Reichle and col-
leagues (2010), have used eye-tracking to investigate mind wandering
episodes. Considering the reliability of both methods, this study re-
lies on both reports by participants and eye-tracking metrics to examine

the effect mindfulness has on mind wandering.
Dissecting mind wandering using eye movements

The confidence in the ability to measure mind wandering using eye-
tracking stems from decades of research on how eye movements are
modulated by attention (Corbetta et al., 1998). What is specifically
useful in the case of mind wandering detection, is that whenever at-
tention shifts from an external stimulus (e.g., a text) to an internal
stimulus (e.g., a thought), the change is reflected by overt embodied
components whereby external input is blocked at the sensory level—
the movement of the eyes (Just & Carpenter, 1980).

One of the theorized functions of eye blinks is to modulate the
trade-offs between attention to mind wandering thoughts and to ex-
ternal, task-related stimuli. This trade-off is achieved physically by
the closing of the eyelids and through the suppression of neural ac-
tivity of visual processing before and after the actual lid closure
(Smilek et al., 2010).

It has been shown that eye movements during reading exhibit a

consistent pattern, which is impacted by lexical features such as word
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length and word frequency (Rayner, 1998). In an episode of mind
wandering, the regularity of eye movements breaks down, and people
tend to, for example, focus on low-frequency words for a shorter
time span and vice-versa, indicating inadequate processing of the
text, or “mindless reading” (Schad et al, 2012). Such propensity can
be related to perceptual decoupling, since the decrement of time
spent fixated on the infrequent words indicates that the attentional
resources are being allocated to other processes unrelated to the ex-
ternal stimuli, i.e., mind wandering.

Whilst utilization of such non-standard variables has been pro-
ductive for studying the ocular-motoric nature of lexical processing,
standard variables of eye gaze, such as fixation duration and fixation
count, have been shown to be differentiable between episodes of
mind wandering and reading. People tend to have fewer and longer
fixations during mind wandering episodes, indicating the state of
being “zoned-out” and thus being interrupted from in-depth text
comprehension (Reichle et al, 1998, 2010; Uzzaman & Joordens,
2011).

The field of mind wandering research has been dominantly fixed
on viewing mind wandering categorically. As showcased in the previ-
ous sections, recent literature has justifiably argued for a more con-
tinuous look at mind wandering. Eye-tracking is perfectly suited to
do that in an ecologically valid setting, as opposed to fMRI scans,
where the participant is confined to complete the experiment in a
noisy and poky setting. The employment of eye-tracking allows us to
dissect mind wandering episodes moment-to-moment and compare
one mind wandering episode to another one. Thus, it is possible to
shed light on the question of how great the effect of mindfulness is

on mind wandering.
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Present study

This pilot study leverages previous insights from eye-tracking studies
investigating mind wandering to 1) investigate the effect mindfulness
has on mind wandering, and 2) showcase how eye-tracking can be
used to look at mind wandering in a continuous, rather than binary,
manner.

It has been shown that during mind wandering episodes, fixation
duration tends to increase and fixation count tends to decrease
(Reichle et al., 2010). It is also known that mindfulness reduces the
activity of the default mode network, a brain area associated with
mind wandering (Tomasino et al., 2013), and that oculomotor and
attentional processes are tightly integrated at a neural level (Corbetta
et al,, 1998). Taking this into consideration, we predict that the effect
mind wandering has on eye movement behaviours will be lessened in
participants who underwent a guided meditation session prior to the

experiment.

H1I: Total fixation count during a mind wandering episode will be
generally greater for participants in the mindfulness condition compared to

the participants in the control condition

H2: Fixation duration during a mind wandering episode will be gener-
ally shorter for participants in the mindfulness condition compared to the

participants in the control condition

Methods

Participants

Six undergraduates (50% female and 50% male, with a mean age of 23
years and a range of 22-25 years) from Aarhus University participat-

ed in the experiment. All subjects were proficient English speakers
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with normal, uncorrected vision. None of the participants had an in-
depth familiarity with the text used in the study. The participants
were assigned to either the experimental or control condition using a

stratified random procedure.
Apparatus

An EyeLink 1000 eye-tracker (SR Research, Ottawa, Ontario, Cana-
da) monitored the gaze location of participants’ dominant eye during
reading. The sampling rate was set at 500Hz. Participants viewed the
stimuli binocularly on a monitor 60 cm away from their eyes; a chin

and forehead rest was used to minimize head movements.
Materials
Mindfulness Exercise

A pre-recorded, 10-minute long, audio-based guided meditation
from the Waking Up! application was played for the participants in
the experimental condition. The specific meditation used in the ex-
periment consisted of welcoming the participant, instructing the par-
ticipants on how to direct and maintain their attention on their
breathing, allowing the participant to practice on his/her own, and
reminding the participant of the task (maintaining their attention on
their breathing) every 2 to 3 minutes.

Participants in the control condition proceeded straight to the

eye-tracker calibration routine and subsequent reading task.
Experiment

The experimental set-up was re-created from a study by Uzzaman
and Joordens (2011), which was successful in inducing and observing
mind wandering episodes in subjects, and differentiating between

mind wandering and focused reading episodes using eye movement

Uhttps://www.wakingup.com/
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patterns. The only addition made to the experimental set-up was the
inclusion of the meditation session. The experiment was pro-
grammed in Python (v 3.10.1) using the PsychoPy environment and

conducted on a computer.
Stimulus

Participants read the first 12 pages of War and Peace by Leo Tolstoy,
which were presented on a computer screen with a resolution of
1680 x 1050. The pages were read in a single sitting. Each participant
read the text at their own pace, with a mean duration of 27.5 minutes

to complete all 12 pages.
Procedure

A research assistant greeted the participants, outlined the procedure,
and acquired informed consent. The participants in the experimental
condition had to go through a 10-minute guided meditation. Partici-
pants in the control condition proceeded straight to the calibration of
the eye tracker. Calibration involved locating the dominant eye of the
participant and subsequent calibration of the eye tracker to the indi-
vidual pattern of the participants’ eye movements.

After calibration, participants proceeded to the reading part of
the experiment. Before the showcase of the first page, participants

were shown information about:

e  What they are going to read

e How to switch between pages

e The description of the prompt that will appear at random inter-
vals to ask whether the participant is zoned out

e How to answer the prompt

e The definition of mind wandering to support participants in an-

swering the prompt accurately
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Following the instructions, participants proceeded to read the 12
pages of the text at their own pace. Every 2 to 3 minutes (time sam-
pled randomly from a uniform distribution) a probe would appear in

the middle of the screen asking:

“ARE YOU ZONED OUT AT THIS PARTICULAR MOMENT?
Y/N”

The participants had to press the respective “Y” or “N” keys on
the keyboard to answer the probe. The participants were unable to
continue reading without answering the probe. The probe could only
appear 20 seconds after the participants have shifted to the page, as a

new page would refresh attention.
Variables
Eye-tracking

Six standard eye-movement variables were collected: fixation dura-
tion, fixation start (time), fixation end (time), and fixation position (X
& Y coordinates). Whilst previous studies (Reichle et al., 2010; Uz-
zaman & Joordens, 2011) included additional non-standard variables
such as within-word regressions and run-count to measure mind
wandering, the general consensus is that the fixation duration and
fixation count is a sufficient amount of eye-tracking metrics needed

to assess mind wandering episodes.
Results
Behavioural measures

Table 1 shows descriptive behavioural measures for each participant:
whether the participant was in the control or mindfulness group, the
number of probes received, and the number of probes that caught the
participant zoning out (probe-caught zone outs). In order to adjust

for the difference between the total number of probes shown to the
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participant, the ratio between the number of probes and probe-

caught zone outs is provided.
Eye movement measures

Measurements of participants’ eye movements were filtered to in-
clude only the periods of 12 seconds preceding the answer to the
probe until 2 seconds preceding the answer to the probe. The reason
behind excluding the 2 seconds before the showcase of the probe is
that we employ a conservative estimate that it might take up to 2 sec-
onds to reflect about whether one was mind wandering and answer
the probe. Moreover, previous research (Reichle et al., 2010) suggests
that significant differences in eye movement patterns between mind
wandering and normal reading episodes go as far back as 120 sec-
onds prior to the display of the probe. One period includes multiple
individual fixations with fixation coordinates, start time, end time,
and total duration for each respective fixation. Furthermore, periods
were categorized into either control or experimental conditions.

The two variables analyzed were fixation duration and fixation
count. Whilst, as previously mentioned, other studies have used other
standard and non-standard variables, fixation duration and fixation
count have been shown to robustly differentiate episodes of mind
wandering from normal reading (Foulsham et al., 2013b; Rayner,
1998; Reichle et al., 1998; Uzzaman & Joordens, 2011a).

All periods preceding probes answered as “N” (as in “not mind
wandering at this particular moment”) were filtered out, as this study
aims to look at mind wandering episodes only. Thus, we are left with
mind wandering episodes from both control and experimental
groups.

We used a mixed-effects linear regression model to analyze the
differences between the two.

To answer H1, a linear mixed effects regression model predicting



Canadian Undergraduate Journal of Cognitive Science 59
fixation count from condition (control or mindfulness) was construct-
ed. ID was included as a random intercept to account for individual

differences. The syntax of the described model was the following:
Fixation Count ~ Condition + (1|ID)

A significant effect on participants' fixation count by condition,
in the hypothesized direction, was found: b = 0.19 (SE = 0.09), z =
1.99, p < .05. The relationship is plotted in Figure 2.

To answer H2, a nearly identical linear regression model pre
dicting fixation duration from the condition was constructed. syntax

was the following:
Fixation Duration ~ Condition + (1|ID)

An effect in the hypothesized direction, approaching signifi-
cance, was found by condition on participants' fixation duration, b =
-0.14 (SE = 0.1341), t = -1.1, p > .05. The relationship is plotted in
Figure 3.

Discussion

In this pilot study, we investigated the effects mindfulness meditation
has on mind wandering episodes during reading. Mind
wandering has been dominantly treated as a dichotomy, where atten-
tion is either decoupled from the external stimuli or not. Subsequent-
ly, the effects of potential interventions for mind wandering have
been evaluated in terms of the number of occurrences of mind wan-
dering episodes. The central aim of this study is to showcase eye-
tracking as a viable method for investigating the continuous nature
of mind wandering and to provide an in-depth look at the effects
mindfulness meditation has on mind wandering.

This was achieved by first recreating an experimental set-up by
Uzzaman and Joordens (2011) to induce and detect mind wandering

episodes in participants during reading. Mind wandering episodes
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Figure 2. A boxplot of fixations counts during mind wandering episodes in the
two conditions. Condition 1 is the control condition, meaning that no meditation
session was performed prior to the experimental task. Condition 2 is the mindful-
ness condition, meaning that a 10-minute guided meditation session was carried
out prior to the experimental task. The Y-axis indicates the number of fixations
made during the 10-second probe period (as described earlier in this section).

400 -

300 -
Condition

Control

Duration

= Mindfulness

Time
Figure 3. Time series of fixation duration throughout mind wandering episodes
in the two conditions. The X-axis is the time in seconds of the probe period, while
the Y-axis specifies the fixation duration measured in milliseconds. The grey areas
enwrapping the graphs of the two conditions are the associated confidence inter-

vals of the fixation duration.
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were detected using the probe-caught method where participants are
sampled at semi-random intervals about whether they are currently
mind wandering or not. One limitation of the study is the lack of
control for the expectancy effect in regard to the occurrence of the
probes. Even though this experimental set-up has been successfully
used in the past (Uzzaman & Joordens, 2011), a debrief with one of
the participants revealed that the expectation of the appearance of
the probes impacted the reading experience, negatively impacting the
ecological validity of the experimental set-up. Participants were di-
vided into control and mindfulness groups, where the mindfulness
group completed a short, mindfulness meditation prior to the task.
Finally, eye-tracking was used to analyze periods of 10 seconds prior
to participants answering affirmatively to the probe.

Another limitation of the study is that the procedure used for
inducing mind wandering was not validated. In order to validate the
procedure, the 10s periods preceding probes which were answered
as “N” by participants, meaning they did not mind wander at the time
of the probe, would need to be compared to 10s periods of probes
where the answer was affirmative. The procedure was, however, val-
idated in previous studies (Uzzaman & Joordens, 2011).

It was predicted that the eye movement behaviours typical for
mind wandering—increased fixation duration and decreased fixation
count—would be of lesser magnitude for participants in the mindful-

ness condition.
Mindfulness for mind wandering

It was found that fixation count during mind wandering episodes in
the mindfulness group was significantly greater than in the control
group, supporting our first prediction (H1). In addition, fixation du-
ration was found to be shorter in the mindfulness group, with the

effect approaching significance, thus supporting to a certain extent
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our second prediction (H2). Both eye movement behaviour traits as-
sociated with mind wandering—increased fixation duration and de-
creased fixation count—were less extreme in the mindfulness condi-
tion, indicating the present effect of mindfulness.

These findings of reduced mind wandering as measured by eye
movement behaviours are congruent with accounts that mindfulness
training leads to reduced activation of the default mode network, an
area often associated with mind wandering (Christoff et al., 2009). It
is known that attentional and oculomotor processes are tightly inte-
grated at the neural level (Corbetta et al., 1998). However, the exact
relationship between the default mode network and eye movement
behaviours remains unclear. Future work on neural correlates of
mind wandering should take these into consideration and investigate
how they interact with default mode network activity. Reduced acti-
vation of the default mode network was observed in long-term medi-
tators and individuals who completed a two-week mindfulness train-
ing (Brefczynski-Lewis et al., 2007; Tang et al., 2009). Our results
showcase that reduction in mind wandering can be achieved with as
little as 10 minutes of meditation prior to the task. Future research
should validate the results by directly measuring the activity of the
default mode network post the 10-minute guided meditation session.
If the efficacy of such a short mindfulness exercise is demonstrated, it
would be important to compare the effects of a short mindfulness
exercise versus a long one. One could imagine that mindfulness and
gains associated with it follow a power law; each unit of gain requires
progressively more effort or time. Comparing mindfulness exercises
of different durations would potentially indicate the optimal dura-
tion for the practice. It is important to add that the inquiry suggested
above would require a specific task context (such as working

memory (Mrazek et al., 2013), emotional information processing
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(Pavlov et al., 2015), or affective experience (Jha et al., 2010)), as we
can not expect the effects to exactly be the same for tasks that engage
different cognitive processes.

One obvious limitation of this pilot study was its small sample
size of 6 participants, which is not enough to reliably determine
whether the observed behaviours would generalize across the general

population.
Approaching mind wandering continuously

Mind wandering is dominantly treated as a dichotomy and, subse-
quently, measured in a binary manner (Christoff, 2012; Levinson et
al,, 2012; Reichle et al., 2010; Smallwood & Schooler, 2015; Uzzaman
& Joordens, 2011). Recently, graded and/or continuous models of
mind wandering have been put forward (Mittner et al., 2016; Schad
et al, 2012). New models, however, require new methods. When
viewing mind wandering in terms of, for example, intensity, estab-
lished binary self-reports of mind wandering are insufficient. Eye-
tracking is a method perfectly suited to fill this gap. It is relatively
inexpensive with high ecological validity and has been used exten-
sively in mind wandering research. Albeit, mostly to research eye
movement patterns of mind wandering when compared to non-mind
wandering episodes. This pilot study suggests that the same behav-
iours can be used to compare mind wandering episodes to one an-
other. Future research could rely on this method to evaluate other
interventions for mind wandering, such as intelligent interfaces
(D’'Mello et al., 2016), mindfulness therapy with a specific focus on
acceptance practice (Rahl et al,, 2017), or to further investigate the
link between depression and mind wandering (Killingsworth & Gil-

bert, 2010).
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Efficacy of an online, single-session meditation

This study also makes a contribution to the question of whether
online, app-based meditation sessions are effective, and specifically
whether single sessions are effective in evoking increased mindful-
ness in participants.

While the efficacy of guided meditations by Waking Up have not
been previously assessed, the specific meditation used for the purpos-
es of the experiment (attention-to-breathing) is the primary medita-
tion type used in Headspace, another mindfulness-based application
whose efficacy has been shown in prior studies (Morrison Wylde et
al., 2017; H. Taylor et al,, 2022; Yang et al., 2018).

However, recently, a study by Mohd Zahid Juri (2022) showed
no improvement in attention regulation in subjects who underwent a
single session of guided meditation by Headspace.

Further investigation into the efficacy of single, guided medita-
tion sessions is required to make confident conclusions on the mat-

ter.
Conclusion

This study aimed to investigate how mindfulness affects mind wan-
dering measured by online external metrics provided by the eye-
tracking equipment utilized. Even though we acknowledge several
limitations to our experimental set-up, this pilot study showed pre-
liminary findings of the effects that short mindfulness practice has on
mind wandering, namely that the eye-tracking measures associated
with mind wandering while reading (i.e., prolonged fixation duration
and reduced fixation count), were found to be less pronounced in the
experimental condition, where participants completed a 10-minute
guided meditation prior to the commencement of the reading. This

study thus builds on top of and combines previous research on meas-
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uring mind wandering with eye-tracking technology along with the
ameliorating effects of mindfulness. Furthermore, it also goes beyond
the established dichotomous model of mind wandering by drawing
upon new evidence that points toward a novel, continuous under-
standing of the ubiquitous mental phenomenon. Future investiga-
tions will possibly provide more evidence for such a theoretical

standpoint, such as a fully-fledged version of this pilot study.
Closing remark

We hope you did not mind wander too much while reading this pa-

per. If you did, then don’t worry—it happens to all of us.
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H3ad
Were to be stung by a bee
You'd no doubt yell ‘Owee’
Certain scientists would ask
Were you up to the task
Was that scream shaped like bouba or kiki

Forehead
That machine encased in the forehead
Meat circuits making hope and dread
And when you're asleep
Is it electric sheep
Or broken consciousness leaving you dead

Head (Part 2)

Angel Martin
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Abstract

Although insight is recognized by most cognitive psychologists, the mecha-
nisms and rationale behind its action remain unclear. Based on existing the-
ories, this article proposes a new potential theory for understanding the role
of insight. The theory suggests that insight recategorizes problems by dis-
covering analogies. Correct categorization can lead to new and useful infor-
mation, bring cognitive agents to effective search domains, and help find the
right solution. Among this, prior experience and training are necessary for
correct categorization. Lack of prior experience or relevant experience may
result in the inability to perform effective recategorization and thus may fail
to bring correct answers. Categorization theory also fits in with other theo-
ries. It can explain the difference between insight problems and non-insight
problems and can be proved by several classical experiments to explain dif-

ferent phenomena.

Keywords: analogies, insight, recategorization.
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Introduction

Most people have experienced in their lives that, after struggling with
a problem for a while, they suddenly had a flash of inspiration and
noticed a new way to find the solution. Although it is hard to de-
scribe in words, psychologists have given this "AHA!" phenomenon a
name: insight. To be specific, insight is a sudden, unexpected thought
that positively affects problem-solving, making the problem solver
feel easeful and confident about an otherwise intractable problem
(Topolinski & Reber, 2010). At the same time, problems that cannot
be worked out using general or intuitive strategies and require in-
sight to solve them are called insight problems (Shen et al., 2016).
Scholars have reached a relatively consistent view on the defini-
tion of insight, but there are still disputes over the details and mecha-
nism behind the insight. Gestalt psychologists like Kohler (1929) be-
lieve that insight is like “looking into" a problem, which means paying
attention to the problem and restructuring it. Maier (1931) proposed
that when dealing with the problem, the relevant prior knowledge
will transfer to the current problem and benefit the problem-solving
process, which implies that insight might be related to previous expe-
rience. However, Karl Dunker (1945) believed that fixation is the
blinding effect of past experience and prevents us from solving the
problem, and the center of insight is how to reconstruct or formulate
the goal or problem. Insight is an essential part of problem-solving
and is often associated with innovation (Kheirandish & Mousavi,
2018). A better understanding of insight will not only help us under-
stand general problem-solving processes but may also potentially
improve the likelihood of innovation or the ability to solve complex
problems. As for how insight leads people to the correct solution, this
essay proposes a concept named categorization to explain how in-

sight works after reviewing all of these theories. Notably, categoriza-
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tion is a long-standing concept in cognitive psychology. If we can
show that insight and categorization are somehow related, then we
can transfer the vast amount of research that already exists on cate-
gorization to the insight problem and thus discover more potential
explanations.

The definition of categorization here is similar but has subtle
differences with the object categorization. In object categorization,
people can put things with similar properties into the same category
according to their perception and predict other properties through
the category (Rosch et al., 1976). Cognitive agents may solve prob-
lems in a similar way. For example, by obtaining additional infor-
mation about the solution by categorizing problems. I claim a thesis
that analogical insight can help cognitive agents recategorize difficult
problems and search for relevant information and correct solutions
in the correct categorization. This article will verify the existence of
categorization in problem-solving based on several classical experi-
ments and give a potential explanation of how it relates to insight.
Before starting the verification, [ will first comb through the relevant
content from past studies and explain the complete process of cate-

gorization.

Literature Review of Categorization and
Problem-Solving

Categorization in Solving Non-Insight Problems

Think back to the math tests that students complete in school. Rather
than simply asking what 20 times 3 equals, the question is more like-
ly to ask: If there are twenty students in the class and each student
has three oranges, how many oranges are there in total in class?
Teachers around the world tend to use semantic alignment to help

students understand mathematical problems, using heuristics to help
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students relate situational models to mathematical models
(Tyumeneva et al., 2017). The use of heuristics means that students
can solve problems with limited time and information, using conven-
tions or standard routines from the past (Kheirandish & Mousavi,
2018). In Tyumeneva et al.'s study (2017), mathematics textbooks
would use discrete objects, such as marbles, to represent integer
problems, and objects that can be continuous, such as water and tem-
perature, to represent decimal and fraction problems. When objects
with semantically symmetric relationships, such as tulips and roses,
are mentioned, people are more likely to associate them with addi-
tion and subtraction problems. In contrast, when objects that have
semantically asymmetric relationships, such as tulips and vases, are
mentioned, people are more likely to associate them with multiplica-
tion and division problems. Although such mathematical problems
are non-insight problems, they are relevant for analyzing the solution
of general problems. We can conclude from these examples that the
semantic information in the questions can help one categorize the
problems by analogy.

The benefits of categorizing problems are similar to that of cate-
gorizing objects. Just as categorizing objects allows for predicting
their properties (Rosch et al., 1976), categorizing problems allows for
having more information relevant to solving them. For example, cat-
egorizing a problem under a semantic scenario model as a multiplica-
tion problem allows cognitive agents to be accessed to multiplication
tables, multiplication exchange laws, multiplication distribution laws,
and other laws or solution techniques. This theory
presents a pattern that is similar to the information differentiation in
object categorization and recognition. In object categorization, the
categorization can be classified into different levels. If an object is at

the basic level, then it is likely to have a superordinate level and some
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subordinate levels (Murphy & Brownell, 1985). For example, the su-
perordinate level of a chair could be furniture, while the subordinate
level could contain barstools, quad chairs, rocking chairs, gaming
chairs, and so on. The different levels of categorization contain dif-
ferent information. The subordinate level has more specific infor-
mation and can list more attributes to the object, while the superor-
dinate level contains more information that distinguishes it from
other categories, but also makes the subordinate categories less dis-
tinctive (Murphy & Brownell, 1985). Therefore, if problems are mis-
categorized, the information that can help solve them will not be ob-
tained and processed correctly, and the problem will become diffi-
cult. If this theory is applied to the insight problem, the reason why it
is difficult to solve may be due to the wrong categorization. I will
provide more details and discuss this hypothesis further in the subse-

quent parts of this article.
Categorization in Solving Insight Problems

Reviewing analogical insight is a good starting point to understand-
ing how insight can help achieve ingenious categorization and bring
the cognitive agents to the right answer. In many experiments which
examine insight, scholars have found that participants rarely transfer
relevant information to an insight problem without explicit prompts
(Needham & Begg, 1991). The lack of spontaneous analogical transfer
may lead to the inability of cognitive agents to put valid information
and insightful questions into the same category, and therefore the
problem cannot be solved correctly.

Two classic cases of insight can prove this thesis. The first case is
Duncker's radiation problem (Duncker, 1945). In this scenario, doc-
tors need to treat tumors with laser radiation, but the needed laser
power can also damage other normal tissues. The medical problem

about radiation is difficult for most people to address because few of
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them have information about radiation and medicine. However, a
story of military action could cause insight (Gick & Holyoak, 1980).
When attacking a fortress, the entire army cannot follow the same
path. The army was therefore divided into small groups, which
marched along different roads and eventually met up at the target.
After providing hints about the military problem of the army occupa-
tion of the fortress, the participants were able to draw an analogy
between the radiation problem and the military problem and solve it
(Gick & Holyoak, 1980). In the process, participants likely placed
both problems into the same category and therefore received more
information about the dispersed transport. Another example is Ruth-
erford's discovery of the nucleus. Although other theories already
existed, Rutherford's pioneering analogy between the hyperbolic mo-
tion path of a particle and the motion path of a comet led to a theory
that was later verified to be correct (Dietrich, 2010). Where most
people are unable to make the connection between atoms and com-
ets, Rutherford was able to see the two problems as the same catego-
ry and apply the known information of comets to the atomic prob-
lem. This unique analogical insight made it possible for him to crack
the puzzle. Some researchers have shown that analogy and categori-
zation are highly similar and that they both contain similarity-based
migration mechanisms (Ramscar & Yarlett, 2003). There are also
studies that unify the two, arguing that analogy-making is a type of
categorization, while spontaneous analogy generates insight and new
knowledge (Dietrich, 2010). Thus, the argument that what insight
brings to a cognitive agent may be a new understanding of problem
categorization, which in turn helps to solve the insight problem, is
reasonable. Next, I will apply this theory in several classical experi-

ments.
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Application of Categorization in Classic Insight
Problems

Changing Categorization in Mutilated Checkerboard
Problem

Figure 1. The mutilated checkerboard problem.

In the mutilated checkerboard (MC) problem experiment, the two
opposite corners of the 8 x 8 board were removed, and subjects were
asked to cover the entire board with rectangular dominoes which
could cover two adjacent squares (Kaplan & Simon, 1990). If this was
not possible, subjects needed to explain the reason. In the experi-
ment, the researchers gave four representations of the board to ma-
nipulate the cues. The four representations included a completely
blank board, a board colored in black and white, a board marked
with "black" or "pink" on adjacent squares, and a board marked with
‘bread" or "butter" on adjacent squares. As the researchers predicted,

the bread-and-butter hint group solved the problem the fastest, fol-
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lowed by the black-and-pink group, the black-and-white group, and
the blank group. The researchers believed that the participants were
inspired by the problem setting and the experimental cues, which
made them realize that two adjacent squares of the checkerboard
represented some parity. As a result, the insight about parity helped
participants extend their searching space by changing the representa-
tion of the board, prompting them to solve the problem.

This explanation is reasonable, but how insight motivated sub-
jects to change the representation of the problem and how it expand-
ed the search domain still needs to be discussed. Categorization theo-
ry can further explain this process. Using the bread-and-butter group
as an example, it is more likely that insight is what brought them to
an analogy. After comparing adjacent grids to bread and butter, sub-
jects would find it more appropriate to categorize the MC problem
into the parity problem rather than into a coverage problem. In fact,
how they name this category of problem is not the most important.
The crucial point is that information about the parity is pulled out
after the subjects have recategorized the questions. Subjects may re-
call knowledge about parity, such as pairwise occurrences and re-
mainders. If the problem is not recategorized, subjects may still use
the knowledge and information used to solve the covering problem
to try to solve the MC problem, and then they will not be able to ap-
proach the correct solution.

Analogical insight and categorization also explain the differences
created by the four sets of board representations. Since bread and
butter was a more common parity imagery, it was more likely to al-
low for analogy and knowledge transfer, which also accelerated the
rethinking of categorization. In contrast, the blank group, due to the
lack of examples that could be used for analogy, made it difficult for

subjects to spontaneously form analogical insights and to recatego-
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rize.

The example of the MC problem brings up an additional
thought. If subjects do not have knowledge about parity, will they
never be able to solve the problem? Intuitively, the answer is yes. Be-
cause without knowledge about the category of parity, subjects can-
not classify MC problems as parity problems and cannot obtain new
information. Regarding this assumption, the 9-dots problem and its

training may give more support.
Changing Categorization in 9-Dots Problem

In their paper on examining fixation, Weisberg and Alba (1981) con-
ducted a series of experiments on the 9-dots problem. This experi-
ment gave a three-in-three nine-point diagram and asked the partici-
pants to connect all the dots with four straight lines without lifting
the pen. Weisberg and Alba (1981) found that despite being given
hints to get out of the square and being told that they had exhausted
all possibilities in the square, the subjects still had difficulty finding
the correct answer. However, if some simple training is provided to
familiarize subjects in advance with how to solve concatenation
problems in a non-dot-to-dot pattern, the success rate will increase.
This phenomenon is consistent with the analogous insight and recat-
egorization about parity in the MC problem. Recategorization of
problems and gaining additional information was possible only after
subjects had known the basics of parity and were able to see analo-
gies in the hints. However, most people have only experienced solv-
ing dot-to-dot pattern concatenation problems, for example in a cell
phone gesture password unlocking, and they lack experience with
non-dot-to-dot patterns. This goes some way to explaining why
training is helpful in solving insight problems. Past experience in fact
provides the necessary conditions for analogy and categorization,

increasing the likelihood that the subject will correctly recategorize
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Figure 2. The 9-dots problem.

the problem. In their paper, Weisberg and Alba (1981) argue that re-
moving fixation does not produce an immediate solution, and they
refute the theory that fixation makes the insight problem difficult.
But the delay in the emergence of a solution could also be attributed
to the fact that, even if the problem is correctly categorized, the cog-
nitive agents still need time to search for and integrate the solution
under the correct categorization.

In Weisberg and Alba's follow-up experiments (1981), they also
tried different training situations. They found that if the training
provided was still in a dot-to-dot pattern but had the same shape as
the actual problem, subjects could still improve their problem-
solving skills. Conversely, if the training was in a dot-to-dot pattern
but had a different shape than the actual problem, not only did it not
improve problem-solving ability, but it had a negative effect. The
researchers explained this by the fact that past experience is trans-
ferred to the present problem-solving strategy. This result demon-

strates in another way that analogical insight allows for the recatego-
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rization of the problems. In the case of the dot-to-dot pattern with
the same shape training sets, the insight brought to the subjects by
past experience was not to categorize the 9-dots problems into cate-
gories beyond the dot-to-dot pattern (or beyond the square), but
simply to categorize the training and actual problems as connected
problems of the same shape. Thus, the insight expected by the re-
searcher, which led to recategorization, did not occur during prob-
lem solving. Based on the same logic, in the case of the dot-to-dot
pattern with the different shape training sets, subjects could neither
recategorize the 9-dots problem into a beyond dot-to-dot pattern
nor recategorize it into the same shape pattern as in the past experi-
ence, so the problem-solving ability decreased.

In a more recently conducted set of experiments, scholars have
similarly demonstrated that the lack of a priori experience is one of
the major factors in making the insight problem more difficult
(Kershaw & Ohlsson, 2004). We can observe that a priori experience
is necessary for resolving insights, and there are studies that show
that it is also necessary for correct categorization (Bornstein & Mash,
2010). Therefore, we can demonstrate that there may be a connection

between solving insight problems and categorization.
Changing Categorization and the “Small-World” Model

Schilling's “small-world" model and theory (2005) have similar logic
to the categorization thesis. She argues that insight emerges with
atypical associations in problem solving, which create representa-
tional shortcuts in the recombination and the search of problems. In
her article, the recombination of problems means that the cognitive
agents make a connection between two closely related ideas in order
to find a solution. This connection may be unexpected, which is what
insight brings to the "AHA!”. And in the categorization thesis, recate-

gorization behaves like recombination. In fact, the recategorization
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brought by an analogy insight is also the rapid abstraction and com-
bination of two seemingly unrelated problems, so as to categorize the
problems that cannot be distinguished at first sight into the correct
category and obtain relevant information.

Several of the experimental examples used by Schilling (2005)
can likewise be explained by categorization. For example, the apes
were given a hoe and food was placed out of their reach. The apes
were more likely to learn to use the hoe to reach the food if the re-
searchers let them play with the stick and discovered how it func-
tioned. Schilling's (2005) theory suggests that apes discovered the
functional similarities between hoes and sticks, created associations
and recombined them, and learned to solve the problem of obtaining
food. And the categorization thesis could explain that apes gained
analogical insight in using sticks and solved the problem by dividing
the hoe and the food problem into a category which was used to
reach the food. Other examples can also be explained using similar
logic. Thus, the small-world model and categorization thesis can be
viewed as different interpretations of the same set of logics, and both

are valuable.
Connections to Other Theories

The categorization thesis can also fit in well with other theories.
Firstly, most of the problems that are difficult to be solved belong to
ill-defined problems. Ill-defined problems may have several draw-
backs, such as unclear definitions of the initial state or goal state, or
unclear potential pathways. However, the recategorization can trans-
form the ill-defined problem into a well-defined problem. For exam-
ple, in the MC problem, it is challenging for participants to identify
all potential pathways to solve the problem. Also, they don’t know
whether the answer to the problem is possible or impossible, so the

goal state is also not clear. But after mastering the details of parity,
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participants narrowed down their pathway of actions and realized
that the goal state is to prove the parity of the board. At this point, the
MC problem becomes well-defined.

Second, some scholars argue that experts who are proficient in a
particular field may have a more difficult time solving insight prob-
lems in that field because they are bound by their fixed experiences
(Schilling, 2005). This is consistent with the characteristics of catego-
rization. As mentioned above, categorization includes many different
levels. Experts usually have a very detailed knowledge of their field,
so they may tend to focus on the subordinate level rather than the
superordinate level when categorizing problems. Thus, despite hav-
ing accurate and detailed knowledge, it is more difficult for experts
to see similarities between some categories, and make it more diffi-
cult to gain analogical insight.

Analogical insight and categorization theory can likewise be sup-
ported by physiological findings. It has been shown that, based on
fMRI and EEG, sudden insights emerge when the resolver sees previ-
ously unseen connections (Bowden et al., 2005). This "connection" is
likely to represent the occurrence of association, which is evidence
for the existence of analogical insight. Both the small-world model
and categorization thesis explain the process by which such associa-
tions occur, which is by relating features of other problems or things
to the problem at hand. Recategorization, then, is likely to occur
when dealing with insight problems.

Categorization theory can also explain the difference between
insightful and non-insightful questions. As demonstrated in the 9-
dots problem, training improves the ability of cognitive agents to
solve insight problems and reduces reaction time (Weisberg & Alba,
1981). Automation may occur if a lot of training is repeated

(Schilling, 2005). This automated phenomenon in fact transforms
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insight questions into non-insight questions specific to individuals,
such as students who can automatically relate water and marbles to
the characteristics of decimals and integers after a few years of math

classes.
Conclusion and Discussion

Overall, the thesis suggests that the insight mechanism may be relat-
ed to the cognitive agent's categorization of the problem. In the case
of non-insight problems, the cognitive agent's categorization of the
problem based on previous experience is usually fast and correct.
However, for insight problems, the categorization of the problem
may be vague or misleading. Therefore, the intuitive categorization is
likely to be wrong, making it difficult for the cognitive agent to ob-
tain information relevant to problem-solving. Thus, in previous ex-
periments, miscategorization caused many participants to search in
domains that did not contain the correct answer, resulting in a solu-
tion that could not be found even if exhausted. At this point, the solu-
tion will emerge if participants realize that they are miscategorizing
the problem and put it back into the correct category by analogy.
This unconscious act of making analogies and correctly categorizing
them may explain the generation of insight.

It is noteworthy that each cognitive agent may have different
methods and strategies for categorizing problems, and this feature is
very similar to the logic by which people categorize objects. Experts
in a particular problem category are more likely to focus on the sub-
ordinate level rather than the superordinate level when categorizing
problems. This is because they have too much knowledge about their
familiar categorization, making it harder to detect errors in their su-
perordinate level of categorization. It is also more difficult for them
to gain analogical insight and change their problem categorization.

On the other hand, if cognitive agents lack knowledge of the correct
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category to which the problem belongs, they cannot recategorize the
problem and obtain more valid information through the new catego-
rization.

As mentioned above, the MC problem, the 9-dots problem, the
small-world theory, and other theories are consistent with the cate-
gorization theory. Thus, we can tentatively conclude that the thesis
that analogical insight allows cognitive agents to recategorize
problems has more information about the problem and being able to
solve them is potentially correct. The establishment of the categori-
zation theory means we can transfer theories about object categori-
zation to the study of insight to further explore the human cognitive
system. This knowledge transfer can help us better understand how
cognitive agents approach problems. In addition, potential benefits
may arise from the study of the insight principle. For example, it has
been suggested that the realization of innovation may involve trans-
forming unknown relations into always relations (Kheirandish &
Mousavi, 2018), which is similar to the theory of recategorization. If
the categorization theory proves to be correct, then we may be able
to improve people's learning and innovation abilities by understand-
ing problem categorization. If the understanding of insight is applied
to computer science, we may be able to improve existing algorithms.
In linguistics, the word-based hints used in the previous experiments
may help expose more findings on how people process words seman-
tically.

However, more research on this theory can still be conducted in
the future. For example, experiments could be conducted to demon-
strate whether this recategorization exists, or more physiological
studies could be conducted to explain the insight phenomenon. Pos-
sible experiments and studies include self-report and brain activity

studies. For example, in subsequent experiments, researchers could



Canadian Undergraduate Journal of Cognitive Science 89
ask participants to describe or record their thought processes before
and after the "AHA moment" to analyze whether they are involved in
categorizing the problem. We can also compare the brain regions that
are active during insight problem solving with those that are active
during object categorization to determine if the same brain struc-
tures are involved. If we can show that there is a process overlap be-
tween categorization and insight, then the categorization theory is

likely to be valid.
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Abstract

Despite research identifying relationships between attention, perception,
and video game behaviours, no studies have examined gameplay in relation
to attentional breadth — whether one sees “the forest” or “the trees”. Draw-
ing on attentional breadth research, I conducted an observational study
investigating the relationship between global/local bias and gameplay be-
haviour. I hypothesized that global bias, as calculated by global scores on the
hierarchical shapes task (HST), would be positively correlated with the
breadth of game exploration in an open-world computer game, as calculat-
ed by the range of activity attempts, area visits, and character interactions.
Twenty university students participated remotely by playing a 75-
minute screen-recorded computer game. Additionally, participants com-
pleted the HST, a computerized cognitive task measuring naturally-
occurring attentional breadth, followed by questionnaires assessing extra-
version, openness to experience, and attitudes of horizontal/vertical indi-
vidualism and collectivism. As predicted, there was a positive correlation
between global bias and breadth of explorative gameplay, but the correla-
tion was weak and not statistically significant. However, after controlling
for extraversion, openness to experience, video game experience, and atti-
tudes of horizontal/vertical individualism and collectivism, attentional
breadth explained 10-20% unique variability in participants’ global and
local gameplay behaviours. These results suggest that naturally-occurring
attentional breadth can predict behaviour in an open-world video

game, independent of certain personality traits and social attitudes. .

Keywords: attentional breadth, global/local bias, extraversion, open-
ness to experience, individualism and collectivism, video game behav-

iour.
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Introduction

Human individuality is humorously conveyed by the old saying, “You
are absolutely unique. Just like everyone else.”! In the field of psy-
chology, this uniqueness is explored by studying individual differ-
ences. Individual differences are empirical representations of the
ways by which psychological traits vary from person to person (see
more in Stangor, 2012). Personality traits are commonly studied as
individual differences variables (e.g., Ashton & Lee, 2001, 2007).
Nonetheless, a highly broad range of traits aside from personality can
be measured in individual differences studies. For example, cognitive
variables such as attention and working memory have been used as
individual differences measures in research studies (e.g., Nunez et
al, 2015; Moosbugger et al., 2006), especially in relation to educa-
tional studies and health sciences (e.g., Kyndt et al.,, 2012; NICHD
Early Child Care Research Network, 2005).

Global/Local Cognitive Processing

Attentional breadth is a cognitive trait that represents a person’s ten-
dency to view “the forest or the trees”. People perceive visual stimuli
on a “global” level (the forest) or on a “local” level (the trees). Specifi-
cally, global bias refers to a holistic perceptual style such that
one allocates their attention more broadly to the item or scene as a
whole. On the other hand, local bias refers to a perceptual style that
focuses on the elements that comprise an item or scene by allocating
attention more narrowly. This trait naturally differs between individ-
uals and is measured using computerized tasks.

Attentional breadth was first studied in 1977 by Navon, who

! Although widely quoted, there is no author to whom this quotation can be origi-
nally attributed. See more at: https://quoteinvestigator.com/2014/11/10/you-

unique/
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constructed the Navon Letters Task (NLT), one of the most recog-
nized measures of global/local bias (see Figure 1a for an example of a
congruent and an incongruent Navon letter). Navon’s research
demonstrated a global precedence effect where individuals typically
prioritize the global level over the local level. Individuals show faster
reaction times when identifying letters that are congruent (.e.,
the same letter at the global and the local levels) versus incongruent
(i.e., different letters at the global and local levels), and this congru-
ency effect increases when they are asked to report the local level
than when they are asked to report the global level. The greater inter-
ference by the global level suggested that global processing received
greater attentional priority.

Kimchi and Palmer (1982) constructed another measure of atten-
tional breadth called the Hierarchical Shapes Task (HST). On each
trial of the HST, participants are shown stimuli consisting of a
standard hierarchical shape item above two comparison hierarchical
shape items from which participants are asked to select the one they
think best matches the standard (see Figure 1b). Each image was
composed of smaller squares or triangles forming a larger square
or triangle. One comparison item matches the standard at a local
level whereas the other matches the standard at a global level. The
researchers calculated global bias by taking the total number of selec-
tions that matched at the global level. Thus, a higher number of glob-
al selections indicates a higher degree of global bias. Attentional
breadth as measured by the NLT and HST remains relatively stable
and constant over time within an individual (Dale & Arnell, 2013).
This consistency is such that some people have a consistent bias to
allocate attention to the global level or the local level, while others
have no bias, and this may vary with the nature of the stimuli (Poirel

et al.,, 2008).
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Figure 1. a) An example from the Navon Letters Task of a congruent item on the
left and an incongruent item on the right; b) An example from the Hierarchical
Shapes Task of a target item (top), a global selection (left), and a local selection
(right).

Previous literature has established how attentional breadth has
been associated with more than just the visual system. Rather, re-
searchers have discovered evidence on how it relates to cognitive
control and social behaviour. Taking a clinical approach, researchers
have found that local bias tends to be prevalent among individuals
affected by certain mental illnesses such as schizophrenia (Bellgrove
et al, 2003), obsessive-compulsive disorder (Yovel et al., 2005),
and autism spectrum disorder (Scherf et al., 2008). However, local
bias is associated with positive attributes as well. Past experimental
research has shown that experiencing a pleasant stimulus can in-
crease local bias by narrowing attentional breadth (Gable & Harmon-
Jones, 2008).

Regarding brain activity, several researchers have detected asso-
ciations between cortical activity measurements and global/local
processing. For example, Fink and colleagues (1996) investigated the
neural underpinnings of global/local processing and found that local
processing was emphasized in the left hemisphere, whereas global
processing was emphasized in the right hemisphere. Extending these

findings, Gable and Harmon-Jones (2008) observed that the combi-
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nation of positive affect and high approach motivation was associat-
ed with not only narrow attentional breadth, but also higher left
hemisphere activity in the frontal lobe. Expanding on this research,
Pitchford and Arnell (2018) revealed that activation of cognitive con-
trol mechanisms during an effortful control task narrows attentional
breadth in those with high approach-motivation. Specifically, when
individuals express high motivational approach tendencies, they re-
duce their attentional breadth if exerting high self-control, and
this relationship was found to be distinct from the link between left
frontal lobe activity and local processing. Relating to the local bias
associated with schizophrenia mentioned earlier, Choi and col-
leagues (2014) found that certain event-related potentials (ERPs) dur-
ing local processing differ in those with schizotypal traits compared
to a control group, suggesting that psychopathology influences at-

tentional breadth as a result of differences in brain activity.
Global/Local Bias and Real-World Behaviour

Moving beyond behaviours observed in lab settings, global/local pro-
cessing has also been shown to predict real-world social behaviours,
such as public health behaviours. Specifically, a recent individual
differences study on attentional breadth found that greater global
bias can predict greater compliance with COVID-19 public health
guidelines (Mendonca, 2021). This study found a positive correlation
between the HST global bias score and one’s compliance with public
health guidelines after controlling for political affiliation and other
factors. Similarly, other studies have found that asking participants
to attend to the global level of hierarchical stimuli led to them mak-
ing more monetary donations to charity than when participants
were asked to attend to the local level of these same stimuli
(Mukherjee et al., 2018). Another study showed how global bias re-
lates to holding prosocial attitudes (Colzato et al., 2010). This
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study showed that greater global processing on the NLT was associ-
ated with greater compassion and prosociality self-reported through
a social value orientation task. This evidence suggests that perceiv-
ing something globally may relate to acting globally. Nonetheless, the
literature has not yet studied attentional breadth in relation to virtu-

al behaviours, such as video game behaviour.
Video Game Behaviour

Video games have taken the interest of countless researchers, often to
examine cognition and behaviour. One reason is because video
games evolved from being purely a source of entertainment to being
useful in many real-world applications. For example, specialized vid-
eo games are being more frequently applied in educational settings
(Hutchison, 2007), where these games can engage students and
sometimes improve learning. Similarly, video games are being ap-
plied in healthcare settings (Halldorsson et al., 2021), where they are
used in special therapy programs. There are a number of reasons
why video game technology can provide these benefits. First, video
game experiences can help promote skills such as hand-eye coordina-
tion, working memory, and other cognitive skills (Benoit et al,
2020). Second, games can provide rich learning experiences due to
their interactive features and high interest among youth (Granic et
al,, 2014).

Video game behaviours often reflect who we are. This notion is
confirmed by research on video games that shows how in-game be-
haviour often reflects the personality and preferences of the player
(Teng et al.,, 2012). Zeigler-Hill and Monica (2015) studied avid video
game players and correlated their HEXACO personality scores in
relation to video game behaviour. Participants self-reported their
attitudes, behaviours, and feelings involved with the video

games they play on a regular basis. Their findings suggest that video
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game behaviours not only align with personality traits, but they are
also consistent and predictable.

Scholars are increasingly investigating the reciprocal nature of
cognition and behaviour in relation to video game experiences. Nu-
merous studies have covered the role of players’ attention in video
game performance. Bavelier and Green (2003) studied how video
game experience can boost cognitive traits such as selective atten-
tion. First, they noted that video game players exhibited greater ac-
curacy compared to controls on tasks such as the attentional
blink, suggesting they had more efficient attentional deployment
over time. Gamers also outperformed controls on the “useful field of
view task”, suggesting they had more efficient attentional deploy-
ment over space. Next, they exposed non-gamers to video game
training with action video games, which markedly improved their
selective attention on these tasks compared to a control group who
trained on the special puzzle video game, Tetris. In terms of disor-
dered cognition, a study by Segev and colleagues (2017) examined
participants’ video game behaviour in relation to the presence of
cognitive symptoms, finding that such symptoms correlated with
externalizing behaviours in a video game. These studies demonstrate

how cognitive traits can predict video game behaviour.
Doodle Champion Island Games

The video game selected for this study was “Doodle Champion Island
Games” (hereafter “Champion Island”), a Google Doodle video game
published on July 24th, 2021, to coincide with the Tokyo 2020 Sum-
mer Olympics.2In Champion Island, players explore a world
filled with seven sport mini-games, hundreds of citizens, and dozens

of side-quests. The sport mini games are based on sports featured in

2 The updated August 24th version was used for the present study: https://

www.google.com/doodles/doodle-champion-island-games-august-24
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the Tokyo Summer 2020 Olympics: rock climbing, artistic swim-
ming, archery, marathon, rugby, table tennis, and skateboarding.
Champion Island’s character and world design are based on concepts
from Japanese culture, folklore, and mythology. Participants are free
to choose where to travel, what sports to play, and other choices. The
reason for selecting Champion Island was because my research seeks
to involve unconventional, non-commercial video games in order for
cognitive science to foster knowledge on how the relevance and cul-
tural role of video games can be broadened beyond traditional, com-

mercial contexts.
The Present Study

As noted above, individual differences in global/local bias, as meas-
ured with the HST, have been shown to predict compliance with real
world public health behaviours such as social distancing and mask
wearing during the COVID-19 pandemic (Mendonca, 2021). Also, as
noted above, video gameplay reflects characteristics of the player
(Zeigler-Hill & Monica, 2015). The Champion Island open-world
video game is by far the most complex interactive Google Doo-
dle created to date (Walsh, 2021), and one where participants can
create their own experience through choosing which aspects of the
game they complete. Therefore, the question addressed in this work
was whether individual differences in global/local bias, measured by
the HST, could predict Champion Island gameplay behaviours given
that gameplay may relate to whether players perceive opportunities
and objectives in the game primarily from a global level or from
a local level. I hypothesized that attentional breadth would predict
breadth of gameplay behaviour such that higher global bias on the
HST would positively correlate with more globally-focused game-
play as define by a greater number of areas explored, interaction with

a greater number of characters, more games played, more quests un-
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dertaken and completed. Moreover, I hypothesized that global bias
on the HST would negatively correlate with locally-focused game-
play, as calculated by the participants’ maximum and average number
of attempts per sport. Finally, I predicted that extraversion and
openness to experience would positively correlate with NPC Inter-

actions and Total Areas Visited, respectively.
Methods
Participants

Twenty-six university students were recruited through the SONA
psychology research platform using a convenience sampling ap-
proach. Six participants were removed due to various exclusion cri-
teria (see Results), leaving seven male participants and 13 female par-
ticipants (Mage = 21.3 years; SD = 2.72) for analysis. English profi-
ciency was a requirement for participation, and was verified by the
researcher. Participants were compensated with SONA research par-
ticipation credit. Because this was a correlational study, all partici-
pants performed the same tasks under the same conditions. Notably,
participants completed all tasks via remote virtual participation us-
ing their own devices. The study was approved by the institution’s
Research Ethics Board. In accordance with ethical standards, all par-
ticipants provided informed consent prior to participating. Coders
signed a confidentiality agreement, participated in training, and used

a manual to complete their coding duties.?
Materials
Video Game: Champion Island

Using their own computer, all participants played the Champion Is-

land video game individually for 75 minutes while their screen was

3 This study was pre-registered, including methods and hypotheses, which can be
viewed at the following link: https://aspredicted.org/blind.php?x=XG6_MPV
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recorded. Coders later transcribed the recording by watching the
entire gameplay recording while filling out a checklist and tally
chart to track relevant behaviours (see Appendix A for checklist used
by coders). The tasks were selected based on in-game progress as
well as actions that relate to the psychological constructs of interest
(e.g., global/local bias and individualism-collectivism). For considera-
tion of data inclusion/exclusion, notes were taken if any interrup-

tions occurred (e.g., internet disconnection).

Sports Participation. Seven different sports can be attempt-
ed in the game. The number of sports attempted was scored out of 7
(“Sports Attempted”). The number of times each sport was attempted
was tallied and averaged across the sports that were attempted at
least once such that higher numbers reflected greater attempts/sport
played (AvgSportAttempts). The total number of sport attempts was
also calculated (TotalSportAttempts) as was the highest number
of times any single sport was played (MaxSportAttempts). A scroll
was obtained for each sport after successfully winning the event the
first time, and the number of scrolls earned was also recorded
(ScrollsEarned). We also recorded the average number of attempts
required to earn a scroll (PreScrollAttempts), and the average num-
ber of times a sport was played subsequent to earning the scroll, for

example to earn a higher score (PostScrollAttempts).

Trophy/Quest Participation. The game featured numerous
side-quests to complete and NPC characters with which to interact.
The number of interactions with an NPC was totalled (TalkNPC).
Quests could be completed for their own sake, or to earn trophies.
Quests were initiated when the player engages with an NPC, but not
all engagements with an NPC resulted in a quest opportunity, and
not all quests were undertaken, therefore the total number of

quests accepted was counted as a separate variable
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(TrophiesAttempted). Completing a quest automatically resulted in
earning a trophy. Therefore, the number of trophies
earned (TrophiesEarned) also measured the number of completed
quests.

Quests involved several steps and participants may have only
completed a portion of the steps without completing the quest. The
criteria for each step were defined objectively so that they were cod-
ed the exact same way for each participant. A step was defined by a
single, explicit action that was taken in the game to affect progress in
the quests. Accepting the quest was considered ‘Step 0’ because it
activated the rest of the steps, but it was not considered making the
same degree of progress as the other steps. The checklist for quests
consisted of a positive integer that listed the number of steps com-
pleted on a specific quest by the end of the gameplay duration
(TrophySteps) which was recorded for exploratory analyses. If a
quest had not been accepted, then that item of the checklist was left
blank. Finally, when an NPC had to be convinced of something
through specific dialogue choices, then talking to them and convinc-
ing them were considered separate steps because the actions and

consequences were independent.

Exploration. The coding checklist included whether each of
the seven main areas were visited as well as seven side areas and six
unlockable areas. How many of the 14 readily accessible areas had
been visited was recorded as “TotalAreas”. Coders also tallied the
number of times a participant visited their Team Base if they chose a

team.

Composite Global and Local Gameplay Measures.
For the operational definition of global gameplay, participants’ over-
all score of in-game global bias was estimated with a composite glob-

al measure calculated as the average of the standardized measures (z-
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scores) of number of different sports attempted (Sports Attempted),
number of quests accepted (Trophies Attempted), number of areas
visited (Total Areas), and number of NPC interactions (NPC Interac-
tions) in that for each of these scores higher scores are thought to
indicate more global bias. The main connection to the global bias
processing style is that participants perceive opportunities and ob-
jectives in the game holistically. This means that they have a broad
outlook on their possibilities in terms of sports and quests — examin-
ing the bigger picture — rather than fixating on specific opportuni-
ties, which resembles the local bias processing style. A compo-
site local gameplay measure was also calculated from the average of
the z-scores for max and average number of times each sport was

played.
Background Questionnaire

Participants typically vary in age, gender, and task-related experienc-
es (e.g., video games and competitive sports). Thus, a background
survey was developed to collect these data points (see Appendix B)
immediately prior to participants completing the attentional breadth

task and the attitude and personality questionnaires.
Attentional Breadth Cognitive Task

The Hierarchical Shapes Task (HST; Kimchi & Palmer, 1982) was
used to measure local global bias. In the task, participants viewed an
example trial, then completed 24 experimental trials (see Figure 1b).
For each trial, participants were shown three stimuli consisting of a
target stimulus centred above two adjacent stimulus options. Each
stimulus was composed of 3 or 4 small circles, squares, triangles, or
crosses (local level) forming the shape of a larger square or triangle
(global level). Participants were asked to select, based on their initial

instinct, which of the two options best matched the target shape. Of
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the 24 trials, 12 were filler trials intermixed with 12 test trials. Filler
trials had an objectively correct answer: the correct option matched
the target shape at either the global or local level, and the incorrect
option did not match the target at either level. The test trials includ-
ed two subjectively correct options, where one option matched the
target at the local level (e.g., both were made of small squares as in the
right option in Figure 1b), and the other choice matched the target at
the global level (e.g., both formed a larger square as in the left option
in Figure 1b). For both filler and test trials, the order of options
(whether global/local or the correct/incorrect appear on the right or
left) changed throughout the task to minimize confounds. Selecting
the option that matched the target at a local level indicates that the
participant had a bias for narrow attentional processing on that trial.
Conversely, selecting the global level option indicates a bias for
broad attentional processing. Participants’ overall HST score for
global bias was calculated by adding the number of global selections
on the test trials (from O to 12) such that a higher HST score signifies
greater global bias.

HEXACO Personality Domains Questionnaire

Scores on “extraversion” and “openness to experience” from the
HEXACO personality inventory (Lee & Ashton, 2007) were collected
using the 10 questions from each domain (Lee & Ashton, 2009). Ex-
traversion measures one’s tendency to enjoy social interaction and
hold  generally positive self-esteem. Openness to experience
measures an individual’s fondness of unconventional ideas and novel
experiences. All items were answered on a 5-point scale, rang-
ing from strongly disagree (1) to strongly agree (5). After reverse-
scoring negatively-keyed items, an average score for each of the two

domains was calculated.
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Horizontal-Vertical Individualism and Collectivism
Questionnaire

The Horizontal-Vertical Individualism and Collectivism (HVIC; Tri-
andis & Gelfand 1998) questionnaire measures collectivism and indi-
vidualism in two forms: horizontal and vertical. The questionnaire
included 4 statements for each of these categories where partici-
pants indicated the extent to which each statement accurately cap-
tured their attitude, feelings and behaviours on a 9-point scale rang-
ing from never (1) to always (9). Scores were averaged within each
subscale: horizontal individualism (HI), vertical individualism (VI),

horizontal collectivism (HC), and vertical collectivism (VC).
Procedure
Data Collection

Through a Microsoft Teams meeting, the experimenter first provid-
ed a brief game tutorial for Champion Island that clarified that par-
ticipants could play however they prefer. The experimenter provided
the participant with the online questionnaire link along with
their participant number. Prior to the experimenter leaving the vid-
eo call, participants were asked to share their screen (via screen-
sharing function of Teams) and turn off their audio/video dur-
ing gameplay. Participants were asked to play the game for 75
minutes, then close the Teams meeting and open the link to com-
plete the remainder of the study unrecorded using the Testable on-
line experiment platform. The questionnaire consisted of back-
ground questions (see Appendix B), 24 trials of the HST, questions on
the two HEXACO domains, followed by the HVIC questions.

Participants’ data was excluded from the sample if certain disruptive
events took place during the Champion Island gameplay: (a) their

internet connection or computer was troubled for more than 15
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minutes (non-consecutive); (b) they were inactive for more than 15
minutes (non consecutive); or, (c) they were not engaging properly,
such as doing something else on their computer other than the video
game. Additionally, participants’ data was removed from the sample
if they did not score at least 9 out of 12 on the HST filler trials where
there are objectively correct answers and pass at least two out of the

three attention checks embedded in the questionnaires.
Data Analysis

After data exclusions, coders carefully reviewed each gameplay re-
cording in order to code all the variables involved in the analysis. As
mentioned previously, coding the operationalized variables consist-
ed of filling in the checklist and tracking sheet. This was a structured
observational approach because the variables are predefined. Record-
ing was done mechanically by computer software, but the coding
was performed by humans. Thirty-five percent of the data files were
coded by two coders so that reliability estimates could be calculated.
Additionally, the correlations amongst the key global and local game-
play variables were examined to verify their suitability for inclusion
in the composite measures.

To test the hypotheses, Pearson’s r correlations were examined
between HST global scores and HVIC scores, HEXACO scores, the
composite global gameplay measure, and the composite local game-
play measure. Correlations between global and local gameplay
measures and the personality measures were also examined. In addi-
tion to correlation analyses, two multiple regression analyses were
conducted to examine whether attentional breadth scores on the
HST could predict global and local gameplay composite measures
over and above the HVIC scores, personality measures from HEXA-

CO, and prior video game experience.



Canadian Undergraduate Journal of Cognitive Science 107

Results

Overall, six participants were removed from the dataset. Three par-
ticipants failed the questionnaire attention checks, which suggested
their questionnaire data were not reliable. One participant failed to
obtain the minimum of 9 out of 12 correct responses on the filler
trials of the HST, which suggested improper completion of the HST.
One participant had previous progress on the game and their data
were deemed to be compromised. The sixth removal was due to

a recording glitch that lost over 15 minutes of footage.
Descriptive Statistics for Scale Measures

Descriptive statistics for the key measures of interest are listed in
Table 1. The sample had considerable variability in the HST scores
and extraversion, openness to experience, and HVIC questionnaire
scores. All of these means fall in the mid-range of the scales, and
the standard deviations and minimum and maximum values indicate
considerable spread with no ceiling or floor effects. With regard to
coded gameplay behaviours, all twenty participants attempted each
of the seven sports, which means that all participants also visited each
of the seven main areas on the game map. Hence, the two gameplay
variables of Sports Attempted and Main Areas suffered from ceiling
effects. On the other hand, participants showed a large range
of scores for the rest of the gameplay measures, including the com-
ponents of the global gameplay and local gameplay composite varia-
bles. Despite the Main Areas variable suffering from ceiling effects,
Total Areas remained suitable for analysis as a component of the
global gameplay composite variable because it consisted of the sum
of Main Areas and Side Areas, the latter of which had sizeable vari-

ance within the sample.
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Inter-rater Reliability for Coded Gameplay Variables

Gameplay data for seven participants (35%) were coded independent-
ly by two separate coders who produced two sets of scores that were
examined to create a final version of scores. The intraclass correla-
tions (ICC) were used to calculate inter-rater reliability. ICC is used
as a valid measure of inter-rater reliability in research designs
wherein only a subset of participants will be coded by multiple raters
(Hallgren, 2012), and wherein pairs of raters change for each subject.

ICC values ranged from .864 to .978 Average Sport Attempts had an

Champion or Globetrotter

Table 1: Descriptive Statistics for Variables of Interest

N Mean
HST 20 6.60
Extraversion 20 3.05
Openness 20 3.62
Sports Attempted 20 7.00
Trophies Attempted 20 10.95
NPC Interactions 20 47.70
Total Areas Visited 20 10.85
Average Sport Attempts 20 4.78
Max Sport Attempts 20 8.60

Note. Openness = Openness to Experience. Possible scores for each variable are the
following: HST = Oto 12; Extraversion and Openness to Experience = 1to 5
HVIC dimensions (HI, HC, VI, VC) = 1to 9; Sports Attempted = 0to 7; Trophies
Attempted = 0to 24; Areas Explored = 0to 14; NPC Interactions and Average/
Max Sport Attempts = any positive integer. Global Gameplay and Local Game-
play were calculated as the average z-score from a set of gameplay variables. As

standardized variables, the mean is 0 and the standard deviation is 1. Therefore,

they are not reported in this table.
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ICC of .978 (p < .001). Trophy Attempts had an ICC of .948 (p < .001).
NPC Interactions had an ICC of .864 (p = .003). Side Area Visits had
an ICC of .898 (p = .001). The greatest discrepancy between cod-
ers was on the number of NPC interactions, which was not surpris-
ing due to the fact that this variable had a wide range of scores (12 -
90 interactions based on the final version of scores). The most prob-
able cause of the discrepancy can be accounted for by the coder not
following the exact criteria for what constituted an interaction (see
Methods). Because the two sets were not identical on all scores, the
discrepancies needed to be addressed. For the number of NPC inter-
actions, the average score from both sets was taken for the final ver-
sion. For all other gameplay variables, discrepancies were resolved
by the researcher re-evaluating the game recording and deciding on
the score for the final version. After being resolved by the researcher,

the reconciled values were used for the analyses.
Relationships Amongst Gameplay Measures

Sports Attempted and Main Areas Visited were not included in the
global gameplay composite variable due to ceiling effects. As seen in
Table 2, all remaining components from the global gameplay com-
posite variable (Trophies Attempted, NPC Interaction, and Total Ar-
eas) had strong positive inter-correlations (r > .8) that were statisti-
cally significant (p < .001). Additionally, they all had moderate to
strong negative correlations with the two components of the local
gameplay composite variable (Average Sport Attempts and Max
Sports Attempts). From these strong and significant positive correla-
tions between the global gameplay composite variables, global game-
play measures demonstrated strong convergent and divergent con-
struct validity and were deemed suitable for use in the global game-
play composite variable. Given that they were highly positively cor-

related with each other, and highly negatively correlated with com-
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ponents of the global gameplay variable, Max Sport Attempts and
Average Sport Attempts were deemed suitable as the components of

the local gameplay composite variable.

Relationships Between Gameplay Composites and
Other Measures

Pearson’s r for the global gameplay composite and HST scores

Table 2: Correlation Matrix for Standardized Gameplay Variables

NPC Total Average Max
Interactions Areas Sport Sport
Attempts Attempts
Trophies Attempted .874%% .816%* -.696%* -.670%*
NPC Interactions .801%* -.590%* -.559*%
Total Areas -.432 -.507*
Average Sport .895%%

**p<.01, *p < .05

showed a weak positive correlation (see Table 3) that was not statis-
tically significant. The correlation between the local gameplay com-
posite and HST scores was medium-strength and negative, but non-
significant (p = .112). Global gameplay had a significant strong and
negative correlation with local gameplay. HST score was highly neg-
atively correlated with present video game experience, but this
fell short of statistical significance. Additionally, past and present
video game experience were non significant predictors of greater

global gameplay and less local gameplay.
Regression Analysis

Video game experience and personality measures were somewhat
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related to global and local gameplay measures and HST scores.
Therefore, controlling for this variability would allow examination
of the relationship between global and local gameplay and HST over
and above these measures. A simultaneous regression was conducted
predicting global gameplay using the predictors of HST scores, ex-
traversion, openness to experience, HVIC measures, past and the re-
searcher re-evaluating the game recording and deciding on the score
for the final version. After being resolved by the researcher, the rec-

onciled values were used for the analyses.
Relationships Amongst Gameplay Measures

Sports Attempted and Main Areas Visited were not included in the
global gameplay composite variable due to ceiling effects. As seen in
Table 2, all remaining components from the global gameplay com-
posite variable (Trophies Attempted, NPC Interaction, and Total Ar-
eas) had strong positive inter-correlations (r > .8) that were statisti-
cally significant (p < .001). Additionally, they all had moderate to
strong negative correlations with the two components of the local
gameplay composite variable (Average Sport Attempts and Max
Sports Attempts). From these strong and significant positive correla-
tions between the global gameplay composite variables, global game-
play measures demonstrated strong convergent and divergent con-
struct validity and were deemed suitable for use in the global game-
play composite variable. Given that they were highly positively cor-
related with each other, and highly negatively correlated with com-
ponents of the global gameplay variable, Max Sport Attempts and
Average Sport Attempts were deemed suitable as the components of

the local gameplay composite variable.

Relationships Between Gameplay Composites and
Other Measures
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Pearson’s r for the global gameplay composite and HST scores
showed a weak positive correlation (see Table 3) that was not statis-
tically significant. The correlation between the local gameplay com-
posite and HST scores was medium-strength and negative, but non-
significant (p = .112). Global gameplay had a significant strong and
negative correlation with local gameplay.

HST score was highly negatively correlated with present video game
experience, but this fell short of statistical significance. Additionally,
past and present video game experience were non significant predic-

tors of greater global gameplay and less local gameplay.
Regression Analysis

Video game experience and personality measures were somewhat
related to global and local gameplay measures and HST scores.
Therefore, controlling for this variability would allow examination
of the relationship between global and local gameplay and HST over
and above these measures. A simultaneous regression was conducted
predicting global gameplay using the predictors of HST scores, ex-
traversion, openness to experience, HVIC measures, past and present
video game experiences. As shown in Table 4, together the predictors
explained 49.4% of the variability in global gameplay, R = .703, F
(9,10) = 1.085, p = .447. Global bias as measured by the HST predict-
ed 11.56% of unique variability in global gameplay over and
above the factors of personality and video game experience (see Fig-
ure 3). This was not statistically significant, however, and there were
no unique predictors.

A second simultaneous regression was conducted predicting lo-
cal gameplay using the same predictors of HST, personality and vid-
eo game experiences. As shown in Table 5, together the predictors
explained 54.4% of the variability in local gameplay, R = .737, F(9,10)
= 1.087, p = .333. HST Global bias predicted 22.37% of unique varia-
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bility in local gameplay over and above the factors of personality and
video game experience (see Figure 4), but this was not significant,

nor were any other predictors.
Discussion
Hypothesis Testing
Attentional Breadth and Global/Local Gameplay

It was predicted that there would be a positive correlation between
HST global scores and the global gameplay composite variable. The
correlation was weak (r = .145) and not statistically significant, but
was in the correct direction. Similarly, it was predicted that HST
global scores could explain unique variability in global gameplay
over and above extraversion, openness to experience, individualism-
collectivism, and video game history. As predicted, HST had a fair-
ly strong partial correlation with global gameplay once these
measures were controlled for, but this was not statistically signifi-
cant. The partial correlation of .340 was more noteworthy than
the zero-order correlation of .145 because there was a high amount
of variability in global gameplay explained by the other predictors
(e.g., video game experience), which is excluded from the partial cor-
relation calculation. My predictions were based on obtaining a larger
sample size (approximately N = 60) with greater statistical power
than the actual result. As this statistical power was not obtained, the
p-values are less useful in validating the effects between the key vari-
ables of interest (e.g., HST scores and global/local gameplay behav-
iour measures).

I predicted that there would be a negative correlation between
HST global scores and the local gameplay composite variable. The
correlation was relatively modest (r = —.272) and not statistically

significant, but was in the right direction. Similarly, I predicted that
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Figure 3: Partial Scatterplot for HST and Global Gameplay with Line of
Best Fit
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Figure 4: Partial Scatterplot for HST and Local Gameplay with Line of
Best Fit
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Table 4: Regression Analysis Predicting Global Gameplay

Predictor Partial SE t-value p-value
HST .340 264 1.142 .280
Extraversion -.011 496 -.035 973
Openness to -.254 .396 -.829 427
Experience
Child VG 364 351 1.238 244
Present VG 297 428 982 .349

Note. For all variables, N = 20. SE = standard error. * p<.05. ** p<.01. *** p<.001.

Table 5: Regression Analysis Predicting Local Gameplay

Predictor Partial r SE t-value p-value
HST -.473 259 -1.699 120
Extraversion .181 487 .581 574
Openness to 116 .389 .369 720
Experience
Child VG -.403 344 -1.392 .194
Present VG -.119 420 -.380 712

Note. For all variables, N = 20. SE = standard error. * p<.05. ** p<.01. *** p<.001.

HST global scores could explain unique variability in local gameplay
after accounting for the same personality measures and video game
experience. As predicted, HST had a fairly strong negative partial
correlation with local gameplay, but this was not statistically signifi-
cant. Once again, the partial correlation of —.473 was more notewor-
thy than the zero-order correlation of —.272 because there was a
high amount of variability in local gameplay explained by the oth-

er predictors such as past video game experience.
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The mild relationship between HST global bias in predicting
global gameplay does not directly support any existing findings. Even
so, this relationship shows how acting “globally” (e.g., having posi-
tive, prosocial interactions with NPCs) may be related to the HST
(over and above other predictors), which resembles existing research
by Mendonca (2021) as well as Colzato and colleagues (2010) who

show the link between attentional breadth and prosociality.
Personality and Gameplay

Contrary to expectations, there was no significant relationship be-
tween Extraversion and NPC interactions, (r = —-.051, p >.05). One
reason why these two variables are not correlated could be because
voluntary interactions may reflect some participants pursuing a tro-
phy rather than reflecting intrinsic inclination toward social interac-
tion. For example, although the Trophy House provides hints to
where trophy quests may be initiated, players might have talked
to several NPCs before coming across the individual they are in
search of for the quest.

Contrary to expectations, openness to experience did not posi-
tively correlate with areas visited (r = —.033, p >.05). The absence of a
correlation could be because the effect of openness to experience was
weaker than that of past video game experience, which caused partic-
ipants to struggle more on the sports attempts, resulting in less time
for exploring areas. Video game experience, past and present, were
found to be related to gameplay measures. This relationship is sensi-
ble because video game experience allows one to be more successful
at the sports, which decreases the need to repeat attempts in a man-
ner that exhibits local gameplay. Simultaneously, this in-game suc-
cess also provides more opportunity to make progress in quests and
side areas in a manner that exhibits global gameplay. However, alt-

hough a player may have the ability (i.e., due to video game experi-
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ence) to make greater progress in the game, they may intrinsically
enjoy playing a specific game which draws them to repeat sports even
after the scroll is earned. Therefore, deeper analyses could be con-
ducted using the gameplay measures of post-game sport attempts as
well as bonus version sports attempts.

There were also some suggestive correlations between video
game experience and personality measures. For example, extraver-
sion and openness to experience were found to have weak-to-
medium correlations with present video game experience (see Table
3). However, the present study did not produce any key results di-
rectly connecting personality to gameplay in Champion Island, con-
trary to past findings showing that personality could predict the na-
ture of in-game play (e.g., Zeigler-Hill & Monica, 2015). While re-
sults suggest that participants’ gaming background and the level of
difficulty of Champion Island may play a role in whether or not
a player behaves based on their gaming abilities or based on their

personality and naturally occurring attentional breadth.
Limitations and Strengths

One strength of this study is how the remote participation aspect of
the design is likely to have more ecological validity than if partici-
pants were to have completed all tasks and the gameplay within the
lab. This is because the external validity would be higher when apply-
ing in natural settings given that people would typically be playing
Champion Island in their own homes on their own computers, ra-
ther than in a lab. Another strength is that participants’ gameplay
behaviours were video-recorded and coded, which generally has
greater accuracy than a self-report measure, such as if participants
indicated what aspects of Champion Island they completed by filling
in a questionnaire.

The present study contained numerous limitations on the precision
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of measurement techniques, threats to internal validity. To start, the
past and present video game experience questionnaire was short and
limited, yet this seemed to be a relevant factor that could be explored
at a deeper level. For example, the number of hours per week and the
number of years could have been collected to more deeply measure
video game experience. This may be especially important given the
perceptual effects of habitual video game engagement (e.g, Chopin
et al., 2019). Another area with questionable measurement was the
coded number of NPC interactions. This behaviour was difficult to
quantify in all situations because the purpose was to measure inten-
tional interactions, but this was not easily distinguished between mo-
ments when the player may have accidentally clicked a button that
prompted the NPC dialogue.

One potential confound in the gameplay setup was that those
with less video game experience may have struggled with the con-
trols in a manner that impeded their expression of global/local game-
play. Similarly, a potential environmental bias influencing gameplay
was that the game emphasized on the sports, and participants may
have simply felt compelled to complete the sports prior to the side
quests (e.g., the game description says, “earn all 7 scrolls to re-
store balance to the island,” indicating that scrolls rather than tro-
phies are the superior goal). Moreover, the 75 minute gameplay du-
ration may have been too short for those who struggled with the
controls. Accordingly, future research could consider providing a
different amount of time, providing more support for game controls,
or both. Alternatively, 75 minutes may be too long because there
were ceiling effects for the Main Areas and Sports Attempted game-
play variables. An effective way to account for gameplay duration
and video game experience would be to use a homogeneous set of

participants with respect to video game experience (past or present).
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For example, future studies can use a bunch of experienced gamers.
and give them less time, or use a bunch of novice gamers and give
them more time.

Another limitation was that participants played the game prior to
completing the HST, so instead of measuring participants’ naturally-
occurring global bias, the HST may have measured participant’s
global bias in response to the video game challenges, which may have
required exerting a lot of self-control, especially for participants less
familiar video games, in turn manipulating attentional breadth
(Pitchford & Arnell, 2018). The present study had several limitations
on the generalizability of results. First and foremost, the sample size
(N = 20) was inadequate in terms of statistical power and external
validity of sample, due to the fact that it was insufficient in repre-
senting a normal distribution. The skew of the data prevents the er-
ror variance from cancelling each other out, resulting in less meas-
urement accuracy and reliability. Additionally, some of the quests
were not attempted by any participant, so not all aspects of this game
were captured. Another limitation of this study are that only univer-
sity students were looked at in this sample. Therefore, the results do
not tell us how this gameplay relates to psychological traits of chil-

dren and youth, an important demographic in video game research.
Implications and Future Directions

This study did not examine participants’ behaviour during the sports
mini-games. Future research could consider this behaviour, such as
the use of strategies (e.g., power-ups in the rugby mini-game). Simi-
larly, only one game was used for this study, and future research
could examine video games from different genres. The present study
employed a nonexperimental, single-group research design. In the
future, an experimental research design with multiple conditions

could be used. For instance, researchers can manipulate participants’
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global/local bias by priming them for global bias prior to them play-
ing the game. This sort of experiment would test causal relationships
between global attentional bias and in-game variables. Thus, a similar
research question about this relationship could be answered by
providing the very first experimental test on the gameplay behav-
iours in this specific game. Given the use of electroencephalog-
raphy (EEG) on research in attentional breadth (e.g., Pitchford &
Arnell, 2018), future research on video games and global/local bias
could measure brain activity through EEG or similar methods. Simi-
larly, local and global processing resemble “analytic” and “holistic”
thinking respectively (Nisbitt et al., 2001). There may be games by
which these patterns of thinking can be better examined.

On a broader level, other areas of cognitive research could be
integrated with attentional breadth, attitudes, and personality in fu-
ture video game research. Visual cognition is a related cognitive field
with existing video game research involving eye-tracking (e.g., Chen
& Tsai, 2015) and visual information processing (e.g., McColeman et
al. 2020). Future research could investigate how these variables relate
to each other as well as video game behaviour to better understand
the cognitive mechanisms that relate to our virtual behaviour.

Through its artistic and technical richness, Champion Island
shows how non-commercial video games can be used to celebrate
culture and the global community (Walker, 2021). Games and gami-
fication are becoming more effective engagement mechanisms be-
yond the typical “gamer” (e.g., Hassan, 2017). Thus, the research on
this game can be continued to develop more results relevant to the
real world, such as the potential of Champion Island to pro-
mote prosociality and global-minded thinking. For example, a future
area of inquiry could be the extent to which this game can success-

fully promote prosocial attitudes and behaviours, such as cultural
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tolerance through appreciation of Japanese culture and folklore.
Conclusion

In summary, the present study aimed to examine whether attentional
breadth can predict virtual behaviours over and above other psycho-
logical factors. This research question stemmed from existing re-
search indicating how attentional breadth can predict real-world
public health behaviours (Mendonca, 2021). Although many results
were not statistically significant, the overall methodology provided
interesting results and implications on how attentional breadth may
be related to video game behaviours and experience. Finally, this
study sets the stage for more cognitive research on open-access vid-

eo games such as Champion Island.
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Abstract

While prior literature has demonstrated the existence of unconscious atten-
tion, differences in processing disparate forms of visual stimuli have yet to
be investigated. The present study aimed to determine whether unconscious
attentional processing is preferential for pictorial or textual stimuli. Using
an adaptation of Posner’s (1980) spatial cueing paradigm, we tested sub-
jects’ (N = 25) ability to identify the location of unconsciously presented
words and pictures. Participants were significantly faster and more accurate
when locating consciously and unconsciously presented pictures, indicating
preferential attention to pictorial over textual stimuli. This preference may
be due to the increased evolutionary importance of pictures, or to a pro-
posed greater allocation of cognitive processing networks (Paivio, 1986). In
any case, the results of this study encourage further research of the influence
of stimuli characteristics on unconscious attention, as it may prove relevant

to academic and commercial fields alike.

Keywords: spatial cueing paradigm, stimuli characteristics, preferen-

tial unconscious attention.
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Introduction

The relationship between consciousness and attention has been a
subject of much debate (van Boxtel et al., 2010; Tallon-Baudry, 2012).
Some theorists argue that they are entirely separate (Lamme, 2006;
Cararra-Augustenborg, 2013), while others go so far as to equate the
two (Baars, 2005; Damasio, 2003). However, over the last few years,
there has been an abundance of research indicating that conscious-
ness and attention are separate entities, supporting the existence of
both conscious and unconscious attention (Heemskerk et al., 1996;
Naccache et al,, 2002; Kentridge et al., 2004; Montaser-Kouhsari &
Rajimehr, 2004; Jiang et al., 2006; Sato et al., 2007; Chen et al., 2015;
Prasad & Kumar Mishra, 2019). Accordingly, current research is cen-
tred around the characteristics of unconscious attention and its capa-
bilities.

Researchers of unconscious attention tend to differentiate be-
tween bottom-up and top-down processes, particularly because the
former is especially rapid to develop and dissolve in an unconscious
attention context (Mulckhuyse & Theeuwes, 2010). Some have pro-
posed that expectations and goals have an important impact on atten-
tional orienting (Mulckhuyse & Theeuwes, 2010), while others advo-
cate exogenous stimuli can successfully capture attention without
explicit awareness (McCormick, 1997). Furthermore, some studies
have even suggested that top-down and bottom-up processing may
be inextricable due to mutual moderational influences (Chen et al.,
2015). Despite these incongruencies, unconscious attention studies
generally tend to use similar cueing methodologies, including the
masked priming and spatial cueing paradigms (Prasad & Kumar
Mishra, 2019; Posner, 1980). More than just validating the presence
of unconscious attention, they can also be utilized to answer another

lingering set of questions in this area of research: What aspects of a
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stimulus can be processed unconsciously, and are stimuli with certain
characteristics processed preferentially?

Researchers have attempted to answer this question using the
comparison of conscious attention to words versus pictures, with
some researchers advocating for a picture superiority effect (Paivio &
Csapo, 1973). For example, a study by Miller (2011) found that par-
ticipants completing an attention task had faster reaction times for
pictorial stimuli than textual stimuli. He proposes this may be be-
cause words are categorized as a unique form of visual stimuli due to
their semantic content, leading to less efficient cognitive processing.
However, Miller also proposes that task demands seem to have a sig-
nificant effect on processing. Contrastingly, a study by Amrhein et al.
(2002) did not find evidence for the picture superiority effect, and
subsequently shed skepticism on pictorial stimuli’s privileged pro-
cessing. To our knowledge, no study has determined whether this
attentional difference explicitly applies to unconscious stimuli.
Therefore, this study seeks to fill that gap in the literature by examin-
ing the difference in unconscious attention for stimuli with different
characteristics presented in the same task.

In the present study, we aim to determine whether unconscious
attentional processing is preferential for pictorial or textual stimuli.
This research question is assessed using an adaptation of the spatial
cueing task from Posner (1980) that measures participants' reaction
times (RT) and accuracy when identifying the location of uncon-
sciously presented pictures and words. Our hypotheses are: (i) RT
will be lower and accuracy will be higher for questions regarding
consciously presented stimuli compared to questions regarding un-
consciously presented stimuli; (ii) RT for questions regarding uncon-
sciously presented pictures will be faster than that of unconsciously

presented words; (iii) accuracy will be higher for questions regarding
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unconsciously presented pictures than that of unconsciously present-
ed words. The latter two hypotheses were predicated on research of
the picture superiority effect for conscious perception (Paivio &
Csapo, 1973).

Methods
Participants

Participants were recruited from the Danish Institute for Study
Abroad in Copenhagen. There were 25 in total, all between the ages
of 20 and 22 (M = 20.88, STD = 0.53; 16 female, 8 male, 1 non-
binary). Most participants had either normal or corrected-to-normal
vision. Those without corrected-to-normal vision (N = 3) had myo-

pia and could see the materials clearly without corrective lenses.
Paradigm

We used an adaptation of the spatial cueing design first described by
Posner (1980). The paradigm was created using E-prime software
(Psychological Software Tools, Pittsburgh, Pennsylvania, USA). Each
participant sat 90 cm away from a computer monitor, with the height
of the monitor adjusted to be centred in their visual field. Partici-
pants were first presented with a screen containing a black and
white, 5” x 5” (12.7 cm x 12.7 cm), four-quadrant grid containing a 1”
x 17 (2.54 cm x 2.54 cm) red cross in the centre for 1000 ms (Figure
1). Following this, a cue (1.5” x 1.5” (3.81 ¢cm x 3.81 c¢m) red star) was
randomly presented in one of the four quadrants for 1000 ms. The
subject was instructed to direct their attention toward the cue. Two
words and two images positioned randomly within the four quad-
rants then flashed for 45 ms, a duration just above the conscious per-
ception threshold (Rolls, 2004). This timing enabled participants to
consciously attend to the cued stimulus, while unconsciously attend-

ing to the three uncued stimuli. The words used were all four-letter
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nouns to reduce differences in complexity, and the images used were
of singular objects, obtained from an independent artist. Subjects
were thereafter asked to identify the location of one of the four stim-
uli using the W, C, M, and O keyboard keys, each corresponding with
one of the four quadrants, as quickly and as accurately as possible.
These four keys were chosen because, with stimuli presented for such
a short duration, they needed to be physically separate (meaning par-
ticipants used a different finger to press each key), spatially corre-
spond to the quadrants, and be roughly equidistant. After answering
this question, the blank quadrant with the red cross immediately re-
turned, and the next trial began.

Participants completed two practice trials. In these practice
rounds, subjects were only asked about stimuli in the cued quadrant,
and they were given immediate feedback on the accuracy of their
responses. All subjects thereafter completed a total of 24 real trials in
randomized order. Eight of the trials required the participant to lo-
cate the stimulus that was in the cued quadrant. These trials
(referred to as “cued” trials), therefore, had valid cues, and the partici-
pants’ responses would reflect conscious attentional processing. For
the other 16 trials (referred to as “uncued”), they were asked to iden-
tify the position of a stimulus in one of the three uncued quadrants.
Thus, the cues were invalid, and the participants’ responses reflected
unconscious attentional processing. All subjects had been instructed
before beginning that only questions asking about stimuli in the cued
quadrant would count towards their final score. All four quadrants,
stimuli types (pictures versus words), and directionality of cue versus
question (i.e., top left to bottom left, top left to bottom right, etc.),
were equally represented in the questions about uncued quadrants.
Moreover, for each question, the stimulus was presented the exact

way it was shown in the grid (i.e., when asking about a word, it was
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Figure 1. An example of our spatial cueing paradigm. “Cued” trials asked the
participant to locate stimuli in the cued quadrant (valid cues, conscious processing).
“Uncued” trials asked the participant to locate stimuli from any of the three uncued
quadrants (invalid cues, unconscious processing).

presented in the same font and size, and when asking about a picture,

the picture itself was used in the question).
Data Analysis

Data analysis consisted of a combination of paired two-sample t-tests
assuming equal variances, paired two-sample t-tests assuming une-
qual variances, simple linear regressions, and chi-square tests. Analy-
sis and figures were generated on Excel Version 16.43. All computed

means were simple arithmetic means.
Results

Data Validation

A metric of validity composed of two criteria was employed to assess
the success of the paradigm. To meet the first criterion, participants
must have performed with above-chance accuracy on the cued trials
to confirm that conscious attention was utilized. 19 of the 25 partici-
pants satisfied this crucial criterion. The second layer of the metric

required a significant difference in accuracy between trials with valid
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and invalid cues to likewise indicate dissociated forms of conscious
and unconscious processing. Four of the remaining participants sat-
isfied this criterion, leaving two subjects who neither performed
above chance on the cued trials nor performed significantly differ-
ently in the two conditions. Because 92% of participants satisfied at
least half of the validity metric, it was assumed that the paradigm
functioned as planned and no participant was omitted.

Additionally, accuracy concerning exposure to the paradigm was
modeled by linear regression with trial number as a predictor for
accuracy. The model was statistically insignificant (R*2 = .02, F(1, 22)
=.08, p <.05). This confirms that accuracy did not increase as a func-
tion of practice, and accuracy could be assessed through the measures

of interest rather than as a product of learning.
Accuracy

Across all conditions, participants performed significantly better
when asked to locate a picture (M = .6133, Var = .237) than a word
[(M = .35, Var = .228), t(598) = 6.68, p < .0001].

As shown in Figure 2, this trend was maintained in the conscious
cued condition [M(pictures) = .69, M(words) = .36, Var(pictures)
= .216, Var(words) = .232, t(198) = 4.96, p < .001]. Likewise, in the
unconscious uncued condition, responses to questions about pictures
were significantly more accurate (M = .575, Var = .345) than respons-
es to questions about words (M = .345, Var = .227, t(397) = 4.73, p
<.001; Figure 2). The reported means refer to the percent of accurate

responses for each participant across all 24 trials.
Reaction Time

Participants were overall faster when attempting to identify the loca-
tion of a picture (M = 1.3, Var = 360.8) than that of a word (M = 1.6,
Var = 400.8, t(598) = -6.38, p < .001). Similarly, reaction times were
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Figure 2. Accuracy in the general picture vs. word condition, as well as in the cued
and uncued conditions. A significant difference was found between words and

pictures in every condition.

lower for cued pictures (M = 1.2, Var = 264.6) than for cued words
(M = 1.5, Var = 338.6, t(195) = -3.58, p = .0002). When identifying the
location of figures that were unconsciously attended, participants
were faster when asked about a picture (M = 1.3, Var = 408.5) than
when asked about a word (M = 1.7, Var = 427.1, t(398) = -5.3, p
<.001; Figure 3).

Quadrant Analysis

A post-hoc analysis of cue location revealed that when participants
were prompted to look at the left side of the screen, they identified
the location of the stimuli asked about with higher accuracy (M
= .547, Var = .249) than when the cue was in one of the two right-
side quadrants (M = .417, Var = .244, t(299) = 3.22, p = .0007). A chi-
square analysis of each quadrant compared against the three others
revealed that, for 3 out of the 4 tests comparing a left-sided cue to a
right-sided cue, performance was significantly better when the cue

was on the left side (Table 1). Conversely, there was no significant
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Figure 3. Mean reaction times in the general picture vs. word condition as well as
in the cued and uncued conditions. A significant difference was found between

words and pictures in every condition.

mean difference in accuracy rate when the compared cues were uni-
lateral and above/below each other.

A closer look at the left-cue superiority effect depicted that im-
proved performance when the cue was on the left-hand side applied
when the figure asked about was a picture but not a word (Figure 4).

Therefore, only when the question asked about a picture, partici-
pants responded with greater accuracy when the cue was presented
on the left side of the screen than when the cue was presented on the
right side of the screen [(M = .69, Var = .215), t(298) = 3.336, p
= .0004].

Discussion

These results contribute to a growing body of literature that corrob-
orates the presence of unconscious attention and supports research

suggesting consciousness and attention are distinct processes that
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likely rely on unique neural mechanisms (Chen et al., 2015). Moreo-
ver, as subjects were explicitly instructed to attend only to cued
quadrants yet performed significantly better than chance when iden-
tifying the location of uncued picture stimuli, their performance sup-
ports previous findings demonstrating unconscious attention to ex-
ogenous cues (McCormick, 1997). Conversely, these results contra-
dict previous studies suggesting task-relevant cues that match top-
down goals are necessary to produce an efficient reaction time and
high level of accuracy (Ansorge & Heumann, 2006).

Participants demonstrated preferential unconscious attention to

Cue Comparison ¥ |p-value ¥ |Location Comparison v | Significant o
Cue 1 ws. Cue 2 0fleft right -

Cue 1 vs. Cue 3 0.743 |up down

Cue 1 vs. Cue 4 0.05|left right *

Cue 2 vs. Cue 3 0.005 | left right *

Cue 2 vs. Cue 4 0.102 |up down

Cue 3 we. Cue 4 0.102 | left right

Table 1: Comparison of mean accuracy with respect to cue location. Quad-
rants and cue locations are labeled 1-4 clockwise. Significant differences (p

< 0.05) occurred between cues that differed laterally

pictures over words, as evidenced by their significantly greater accu-
racy and significantly lower response times when identifying uncued
pictures compared to uncued words. There are several possible ex-
planations for this finding. First, from an evolutionary perspective,
filtering potential threats in the surrounding environment largely
depends on processing images rather than words (e.g., an image re-
sembling a snake presents more potential danger than the word
“snake”). Therefore, unconsciously attending to pictures—and filter-
ing whether they necessitate further conscious attentional re-
sources—may have provided an evolutionary advantage and thus
been selected for over time (Yorzinski, 2014). Paivio’s (1986) dual-

coding theory may also explain the observed results. He argues that
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Figure 4. Mean accuracy for questions asking about pictures and words, depend-
ing on if the cue was on the left or right side of the screen. Performance was signif-
icantly better for questions regarding pictures when the cue was presented on the
left. There was no significance in accuracy between left and right cues when the
participant was asked to locate a word.

information can be processed by verbal or visual networks. While
textual stimuli can only be processed by verbal networks, pictorial
stimuli can be processed by both, as pictures inherently have a verbal
counterpart. Thus, there may be preferential unconscious attention
for pictures because they are processed through two networks, allot-
ting these stimuli more cognitive resources. It can therefore be hy-
pothesized that either there is a lower threshold for unconsciously
attending to pictorial stimuli, or that pictures may have a more ro-
bust and/or direct line of processing compared to words. It is also
worth noting that within the cued stimuli, which were above the
threshold for conscious perception, participants also displayed a
higher accuracy and lower response time for pictures, suggesting
preferential attentional processing for pictures over words even con-

sciously.
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One unanticipated result was that left-sided cues predicted a
higher mean accuracy of response for questions regarding pictures.
This finding could potentially be explained through the activation-
orienting hypothesis for the contralateral direction of attention
(Reuter-Lorenz et al., 1990), in conjunction with Kinsbourne’s Ori-
entation Model for right hemisphere (RH) attentional dominance
(1993). According to the activation-orienting hypothesis, which is
experimentally supported by Reuter-Lorenz et al. (1990), the brain
directs attention contralaterally to the more activated hemisphere.
This attentional directing mirrors the contralateral nature of visual
processing. Kinsbourne (1993) corroborates the finding of Reuter-
Lorenz et al. (1990) but elaborates that within the brain’s vectors of
attention to the contralateral visual field, the left hemisphere’s (LH)
vector is more strongly biased towards the right visual field (RVF),
while the RH is more generalized to include both the LVF and RVF.
As a result, Kinsbourne (1993) proposes that the RH is dominant for
attention, as its vector directs attention to both visual fields, while the
LH only directs attention to the RVF. In the context of our experi-
mental paradigm and results, it is possible that left-sided cues activat-
ed the RH and therefore enabled attention to be directed to the entire
visual field, resulting in a higher mean accuracy of responses. Con-
versely, right-sided cues activated the LH and directed attention al-
most exclusively towards the RVF, therefore lowering accuracy over
the entire visual field. As pictures appear to be preferentially uncon-
sciously attended to in comparison to words, this model likely had a
disproportionately greater impact on those stimuli.

We anticipated that a potential limitation of our study would be
ensuring that participants followed directions and oriented their at-
tention to the cued quadrant (and, by extension, that the rest of the

stimuli were attended to unconsciously). In response, we took multi-
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ple measures to mitigate this risk. First, we instructed participants
before beginning that only questions regarding quadrants containing
the red star would count towards their “final score”. Second, the
speed with which the successive trials were conducted likely prevent-
ed participants from forming and implementing a thorough strategy.
Lastly, as all the stimuli were presented barely above the threshold
for conscious perception, consciously attending to the cued stimulus
and all three uncued stimuli simultaneously seems unlikely, if not
impossible. These efforts appeared to have successfully mitigated this
potential limitation, as accuracy did not increase as a function of trial
number, confirming the absence of a learning curve or practice ef-
fect. Most participants’ significantly higher rate of accuracy when
asked about cued, in comparison to uncued stimuli, also endorses
that most followed instructions. That being said, it is possible that the
two subjects who did not satisfy the criteria for validity (as they did
not have a significant difference between response accuracy to cued
and uncued stimuli) may have been directing their attention toward
uncued quadrants.

There are, however, additional limitations to our study that may
have affected our results. To start, there is a possibility that once sub-
jects realized questions were being asked about uncued quadrants,
instead of remaining a completely bottom-up task, there was a shift
to making all stimuli task-relevant and thus subject to top-down pro-
cessing (even if still unconscious). We can therefore not be complete-
ly confident whether our findings extend only to bottom-up atten-
tion, or a combination that also includes top-down. Additionally,
despite being an adaptation of the Posner cueing task, this paradigm
is new and could benefit from further testing to ensure its validity.
Moreover, although our images were obtained from an independent

artist, and thus had a similar style, there were apparent differences in
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the complexity of each image. In addition to varying levels of com-
plexity between pictures, many of the pictures also contained more
features than the words, which may have influenced the participants’
attentional orienting. As a future direction, we propose a study de-
sign that standardizes the complexity—as measured by the number of
features—of the images and words used.

Future studies could also investigate the influence of emotional
valence on unconscious attention. Earlier, we proposed the differ-
ence in attentional processing may be evolutionarily based; a study
examining whether there are differences in unconscious attention
toward attractive or aversive pictorial and textual stimuli could help
evaluate the accuracy of that claim. Finally, regarding practical appli-
cations, the results of this study could be utilized by neuromarketing
firms. Conscious and unconscious attention were preferentially di-
rected towards pictures, indicating that graphics may be more crucial
than text when advertising a product. Neuromarketing research
could further examine how to best implement this principle to create

more efficient marketing for businesses.
Conclusion

Although the presence of unconscious attention is becoming increas-
ingly acknowledged—and is supported by our findings—the specific-
ities of this form of processing have yet to be thoroughly studied.
Our results build upon literature in this field by uncovering a novel
component of unconscious attention: its preferential treatment of
pictures over words. We have provided several explanations for this
finding, as well as proposed an interpretation for why left-sided cues
coincided with higher accuracy of responses to pictorial stimuli. Fu-
ture research should investigate the impact of feature number, emo-
tional valence, and other aspects to further elucidate the effect of

stimuli characteristics on unconscious attention. Understanding how
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humans process stimuli at this most basic level will prove useful for
both academic and practical purposes as results can be applied to a
wide variety of subjects, from theories of consciousness to neuro-

marketing strategies.
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5head
Ordinary language philosophy
Calls problems overthinking atrocity
[ don't mean to be crass
But you're stuck up your ass
And this poem roasts academic pomposity

Head (Part 3)

Angel Martin
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Abstract

Automatic imitation is an ongoing topic of research across various domains
including neuroscience, social psychology, and cognitive psychology. It is
unclear how automatic the process really is, but previous studies suggested
that motivation as measured with reward manipulation could discern be-
tween intentional and automatic imitation. The present study investigated
the influence of reward manipulations on the automatic imitation effect.
Specifically, we conducted an online study with a between-subjects design
(N = 83) comparing the performance between participants with monetary
incentives (reward group) and participants with no monetary incentives (no
-reward group) through a stimulus-response compatibility (SRC) key-
pressing task. We found an automatic imitation effect, demonstrated by
faster response times for congruent trials than incongruent trials, but no
effect of the reward manipulation is observed in this study. We concluded
that automatic imitation was not modulated by reward suggesting that the

imitation process was automatic.

Keywords: imitation, rewards.
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Introduction
Automatic imitation

Imitation is a common behaviour in humans and animals alike and
has garnered scientific interest to understand its nature. The term
“imitation" refers to any circumstance in which an observer performs
the same action as what they observe, including both intentional and
involuntary copying (Chartrand & Bargh, 2002; Catmur, 2016). Be-
havioural studies postulate a connection between imitation and mo-
tor neural networks in the brain, or else ubiquitously known as mo-
tor mimicry or imitation. Automatic imitation has been investigated
in various domains such as perceptuomotor processing of speech
(Jarick & Jones, 2009; Adank et al, 2018), emotional processing
(Mondillon et al., 2007; Butler et al., 2016), motivational stimulation
(Soutschek et al., 2014), and social context (Pan & Hamilton, 2015). In
these studies, an individual observing an action performed would
have the tendency to involuntarily imitate the observed action, given
that the visual depiction of the action and of self-motor program
matches (Catmur, 2016). The central debate surrounding imitation
focuses on its propensity to be “automatic”, and has received consid-
erable interest among researchers to distinguish between a controlled
imitation and an automatic imitation by their underlying cognitive
processes.

Automatic imitation refers to the phenomenon that motor plan-
ning of an observed action is activated independent of intentional,
top-down cognitive control processes resulting in covert imitation
(Brass et al.,, 2001; Heyes, 2011). Neuroimaging studies have pointed
to areas of the brain considered as part of the mirror neuron system.
In this system, a set of brain areas are activated both during observa-
tion and execution of specific actions; for example, during speaking

and listening (Rizzolatti et al., 2001; Cross & lacoboni, 2014). In be-
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havioural experiments, automatic imitation can be elicited through
the stimulus-response compatibility (SRC) experimental paradigm
which is described in detail below (Brass et al., 2000).

Previous research has substantially expanded the understanding
of automatic imitation of observed action in a variety of contexts,
such as when primed with pro-social vs anti-social sentences (Wang
& Hamilton, 2012). In Wang & Hamilton (2012), they investigated
whether priming pro-social and anti-social sentences could influence
imitation in a finger-tapping task; a larger automatic imitation effect
was found for anti-social sentence priming than for the pro-social
sentence priming. Another study compared possible vs impossible
finger movements in an SRC task performed by a biomechanical
hand, as well the effect of attentional weighting, i.e., when subjects
were aware of both possibilities, on automatic imitation effect
(Longo et al,, 2008). Interestingly, automatic imitation was elicited
for both possible and impossible finger movements, but the effect
vanished when subjects were aware of the impossible movements.
Longo and colleagues (2008), through this finding, proposed that fin-
ger movements were coded in terms of the goal, not the manner in
which the action is performed. The automaticity of imitating ob-
served action has been supported in these studies in which they
demonstrated how social contexts could influence the effect of imi-
tating congruent and incongruent hand or finger movements. Pan
and Hamilton (2015) investigated automatic imitation in a rich social
environment with virtual characters (VC) and balls performing com-
patible actions. They found an automatic imitation effect (measured
by faster response times to stimuli shown) for compatible trials, and
that the effect was larger for action performed by VC compared to
balls. A major consideration of past evidence is about discerning an

imitation which is initiated by cognitive control to an imitation
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which is automatic, independent of intentional and deliberate cogni-
tive control.

Research in automatic imitation is imperative to understanding
the concentration required to suppress the urge to imitate upon ob-
serving someone else act. Scerrati et al. (2017) reported the role of
spatial attention in the coding of spatial position of a stimulus in a
Simon’s task, where a right/left-located visual stimuli of a square
with a frame of varying colours were presented to participants. They
were asked to discriminate against either the colour of a square or
the colour of a square’s frame using a left or right index finger key-
press. This resulted in a Simon effect, in which the response times
were faster when the required response is spatially congruent with
the stimulus location, showing that performance is facilitated almost
automatically for spatially congruent stimulus-response pairings. It is
necessary to clarify that the term ‘automaticity’ is defined in terms of
the level of processing of which very little cognitive control occurs,
and in the context of imitation task, a response follows automatically
once a compatible and task-relevant stimulus are instantiated (Moors
& de Houwer, 2006).

The conundrum regarding higher-level cognitive processing in
the context of action perception and motor planning is a difficult
one, as the role of attention control remains ambiguous and without
a strong consensus in the present literature. Heyes and Catmur
(2021) proposed that mirror neurons are involved in perceiving ac-
tions with low-level processing (e.g., precision of hand grip), but not
those requiring higher-level processes (e.g., inferring actions of oth-
ers). Indeed, the most prominent discussions of automaticity describe
three main characteristics of this concept: effortless, stimulus driven,
and operates outside awareness (Laberge & Samuels, 1974; Schneider
& Shiffrin, 1977).
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Motivational account and relationship with automatic
imitation

Given that the underlying process governing automatic imitation is
still unclear and under debate, studying reward might explain if auto-
matic imitation is truly automatic or if it can be manipulated by an
intentional decision process. Motivation, which is driven by social
and psychological factors, can be modelled in many ways but is cate-
gorized into two famously known archetypes: intrinsic (autonomy
and purpose) and extrinsic motivations (reward and punishment;
Reiss, 2012). The extrinsic aspect was of our interest as it was pre-
sumably easier to manipulate through experimental design. Addi-
tionally, Soutschek et al. (2014) demonstrated the association be-
tween monetary reward and conflict processing in a Stroop task, re-
quiring participants to respond to the colour of a word whilst ignor-
ing its meaning. The main finding of their experiment was that the
response time did not differ between the congruent and incongruent
trials when there were monetary incentives. The performance-
dependent paradigm of the experiment could enhance focus of atten-
tion and perhaps cognitive control, which would subsequently facili-
tate conflict resolution for the incongruent trials. In the present
work, we were interested in the extrinsic factor of motivation
(monetary incentives) in controlling reward sensitivity, and its effects
on a goal-directed behaviour. Specifically, we tested the influence of
monetary incentive on automatic imitation effect, examining wheth-
er the prospect of monetary reward could inhibit or reduce the auto-
matic imitation effect, which would be reflected by a larger reaction
time difference between congruent and incongruent trials.

Recent evidence from (Krebs & Woldorff, 2017b) demonstrated
that motivation could modulate cognitive processes that subsequent-

ly facilitate automatic imitation, i.e., a larger response time difference
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between congruent and incongruent trials. Similarly, Krebs et al.
(2010) observed that reward prospect improves processing of task-
relevant information resulting in faster and more accurate response
in a colour-naming Stroop task. A subsequent study by Krebs et al.
(2013) observed event-related potentials (ERP) in a similar task para-
digm. They found that behavioural facilitation in potential-reward
trials was linked to early fronto-central and occipital ERP modula-
tions, indicating increased attention for task-relevant stimulus com-
ponents related to reward prediction. Furthermore, the attentional
reinforcement appeared to regulate the temporal dynamics of con-
flict processing, allowing behavioural interference from task-
irrelevant stimuli in potential-reward trials to be reduced. This find-
ing is consistent with a study by Prével et al. (2021), which tested the
effect of non-instructed prospects of monetary gains and positive
affect stimuli on cognitive control using the AX-Continuous Perfor-
mance Task (AX-CPT) in which participants to respond to a prompt
(X) only when it is preceded by a cue (A) using either the left or right
arrow-key to respond. The results showed a significant improvement
in the task following positive outcomes (monetary reward and posi-
tive affective stimuli), suggesting that non-instructed outcomes pos-
sibilities may influence cognitive control. Therefore, we would pre-
dict that an SRC effect would appear under reward manipulation
through an SRC task which measures the reaction time difference
between congruent and incongruent stimulus-response trials.

On the contrary, if automaticity is independent of cognitive con-
trol processes, we would expect that automatic imitation would not
be affected by motivation as is argued in several studies. Genschow et
al. (2022) through a series of experiments including an imitation-
inhibition in a finger lifting task reported that a group membership,

i.e,, in- and out-group memberships in a social environment did not
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affect automatic imitation. Despite not finding any social influence
on automatic imitation, their findings have an influence on the moti-
vational account of automatic imitation in social modulations as it
posits that a sense of affiliation (group memberships) does not en-
hance motivation to imitate others in a social interaction. The gener-
alizability of published studies concerning motivational influence on
automatic imitation is still lacking and requires a systematic ap-
proach to contribute to the current motivational theories of imita-

tion.
Present study

Nevertheless, most previous studies have yet to elucidate the role of
motivation in modulating automatic imitation effect in an SRC para-

digm. Subsequently, there are two aims in the present study:

[.  To replicate the automatic imitation effect of congruent stimulus
in an SRC finger tapping task from Brass et al. (2000) in an
online setting.

II. Establish whether participants with a prospect of reward, i.e.,
monetary incentive (reward group) would perform differently
than participants with no incentive (no-reward group) in the
SRC task.

The goal of the research was to test the main hypothesis that the
automatic imitation effect is stronger for participants with monetary
incentives (reward group) compared to those without monetary in-
centive (no-reward group) in the SRC task. We predicted that if auto-
matic imitation can be modulated by cognitive processes, an en-
hanced performance is expected, i.e., automaticity is more dimin-
ished in the reward manipulation compared to in the no-reward ma-
nipulations.

We utilized an online implementation of the SRC task to test our
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predictions. Automatic imitation was assessed through an SRC finger
tapping task, which was a modified version of (Brass et al., 2000;
Brass et al, 2001). To manipulate the reward group, we instructed
our subjects at the beginning of the task that they would be rewarded
with a bonus payment of £2 if they performed in the top 10 percent
in terms of accuracy and speed. While the no-reward group was not
given such monetary incentive, participants in this group were com-
pensated the same amount as the reward group at the end of the
study. We assessed the reaction time (RT) for a response following a
prompt accompanied with a video distractor which could either
match the prompted response action (compatible) or mismatch it

(incompatible).
Methods
Participants

The study had initially recruited a total sample size of 151 partici-
pants through the Prolific platform. After subsequent drop-outs, opt-
outs of the study, etc.,, only 83 participants (41 in the reward group
and 42 in the no reward group) remained who successfully complet-
ed the study. We later excluded four additional participants from
further analysis due to technical issues while completing the study,
and another two for high error rates (ERs; See Table 1). The final
analysis consisted of 39 participants in the reward group (26 females;
mean age = 24.08 years, SD = 3.63), and 38 in the no reward group
(28 females; mean age = 24.32 years; SD = 3.93). Participants gave
consent of their participation, and were paid equally upon comple-
tion of the study. All were native-English speakers, no history of lan-
guage related disorders, had corrected-to-normal vision, right-
handed and 18 to 30 years of age. The study was approved by UCL’s
Research Ethics Committee with ethics code 15365.001.
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Materials

The experiment was administered online on the Gorilla platform,
where participants completed a SRC finger tapping task adapted
from Brass et al. (2001) displayed on their computer screen. Partici-
pants were instructed to respond to prompts presented on a comput-
er screen by a left or right arrow key press. As shown in Figure 1A,

“»

the symbolic cues (“I” and “#”) were displayed simultaneously on top
of a video distractor of upright index or middle finger tapping. The
distractors matched or mismatched the key press response prompted
by the symbolic cues. Congruency refers to compatibilities in per-
ceived and performed actions, where the video distracter matches the
prompt in a trial, while in an incongruent trial, the video distractor
and prompt are mismatched. An attention check task was included to
monitor participants’ attention and active
participation in this online study. The task was embedded in the SRC
task, whereby randomly once within each block a trial displayed ei-
ther 3, 5, or 9 dots, and participants had to answer the number of
dots displayed in the trial (see Figure 2). The trials were important to
ensure that participants paid attention throughout the experiment.
The videos were filmed using a Canon Legria video camera and
edited in Final Cut Pro. Clips were extracted representing the actor's
left hand in a neutral position, with the left of middle finger down
(see Figure 1B). The hand images were rotated 90 degrees counter-
clockwise and displayed as 50% of their original size. Each stimulus
video lasted 3,000 ms, beginning with the hand in resting position for
500 ms or 740 ms (jitter) before finger movement (lasting 1000 ms),
and ending with the hand in resting position (lasting 1500 ms or
1250 ms). The prompts were size 63, font Helvetica in white. The

files were saved in .mov format before being exported as .mp4 files.
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Table 1: Exclusion criteria and numbers at each stage of the study

Study stage Initialn Exclusion criteria n excluded
Main study 151 Withdrew from the 57
study
Did not complete 4

the experiment

Failed the attention 7
check
Total exclusions 68 (45.03%)
Data processing 83 Error rate >3 SD 2
from the group
mean
Technical issues 4

during the experi-

ment

Total exclusions 6 (7.23%)

Note. n = number of participants; final n = 77 (39 in the reward group, 38

in the no reward group).

Procedure

The study was conducted online entirely, in which participants com-
pleted a computer-mediated experiment. A between-subject design
was employed to investigate the effects of congruency (congruent vs.
incongruent) and reward condition (incentive vs. no incentive) on
reaction times (RTs) in the SRC task. The task consists of six blocks
of 40 counterbalanced and randomized trials each, which in total
took on average 16 minutes to complete. Two versions of stimulus

associations were created to counterbalance the symbol-action pair-
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Congruent Incongruent Congruent Incongruent

“yn

Figure 1a. Four possible end-frame of congruent and incongruent trials for “#

“”

and ‘1" prompts in the first type of stimulus association.

ings. The stimulus in the first association required a left arrow key
press response to a “I” prompt and a right arrow key press response
for a “#” prompt, whereas the prompt and response was reversed in

“»

the second stimulus association, i.e., a “I” prompt required a right ar-
row key press response. Participants were assigned to either one of
the stimulus associations. Additionally, a prompt onset was con-
trolled for at a jitter of 500 and 740 milliseconds after a trial begins to
avoid any possible interference effects. Each participant participated
in either the reward or no reward group. In the reward group, partic-
ipants were told about monetary incentive (£2 bonus) if they per-
formed in the top 10 percent in terms of speech and accuracy while
the other group was not informed of such incentive. All of them were
paid equally (£4 in total), regardless of the condition, at the end of the
study.

The distinction between reward and no-reward groups was that,
in the reward group, participants were told of the monetary incentive
at the beginning of the task. In each group, participants completed
the information sheet and consent form before proceeding to the
task. Following this, the participants were informed of the SRC task

structure together with training trials to familiarize themselves with
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Figure 1b. An example of timeframe of a congruent trial in a testing session for

“,n

the first stimulus association, a “#” prompt and right middle finger tapping video

distractor pair, with the prompt presented at 500 ms.

7000,

g

Figure 2. A timeline of attention check trial presented after a series of SRC task
trials. The video lasted for 10,000 ms, with the prompt presented at 500 ms. In the

last frame, participants had to choose out of three options which matched the
prompt displayed.
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the stimuli and compatible responses before proceeding to the test
phase. In the first stimulus association, half of the participants were
instructed to respond with a left arrow key press using their right
index finger when a “!” symbol appeared, and a right arrow key in
response to the appearance of a “#” symbol using the right middle
finger. Video stimuli displayed a symbolic cue in between the right
index and the middle fingers. In a congruent trial, a symbol “!” is
matched with a right index finger video stimulus, and this prompt
must be followed by a right arrow key press, signifying a compatible
response (Figure 1B). In an incongruent trial however, a video stimu-
lus is incompatible to a symbolic cue, i.e., an index finger tapping dis-
tractor was displayed for a “I” cue. Conversely, in the second stimulus
association, the instructions of the prompt were reversed for the rest
of the participants, i.e., they had to respond with a left arrow key
press using right index finger when a “#” prompt appeared, whereas a
right arrow key press response using the right middle finger when a
“I” prompt appeared. Manual responses were recorded automatically,
with RT being the onset of key press relative to the onset of response

prompt. An accurate response was determined by a key press as indi-

cated by a prompt shown in a trial.
Analysis

Participants with error rates greater than three standard deviations
away from the group mean and participants who perform <=80% of
‘catch trials’ (three per block, 18 trials in total) were excluded from
the analyses. Only correct trials were included in analysis, meaning
that correct trials which fall within three median absolute deviations
(MADs) from participants’ median RT in each condition (for correct
trials) were included, whereas incorrect responses and responses
with RTs <200 ms or >1000 ms were removed from analysis. The

effects of congruency (congruent vs incongruent) and monetary in-
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centives (reward vs no reward) on the RT for accurate trials in the
SRC task were investigated using a linear mixed model (LMM). A
comprehensive model was structured to account for the random ef-
fect of by-participant random intercepts for all fixed factors and in-
teractions, as well as congruency (congruent vs

incongruent), and monetary incentives (reward vs no-reward). In this
approach, a forward model construction technique is employed, as
recommended by Barr et al. (2013), starting with random effect only,
with successive addition of a fixed effect and interactions until the
best model is obtained. Then, an analysis of variance (ANOVA) test is
conducted to determine if the best fit model significantly improved
its previous model. Aside from the p-value based stepwise selection,
the model with lowest Bayesian Information Criterion (BIC) value
was chosen as it supported the model with better quality relative to
another model, and it penalised model complexity more heavily than
the Akaike Information Criterion (AIC; Rouder et al., 2016). The hy-

potheses of the study were:

[.  The RTs for congruent trials would be faster than the incon-
gruent trials, demonstrating an automatic imitation effect.

[I. There would be a substantial difference in RT in the SRC
task between the participants in the reward group and those
in the no-reward group.

[II. The automatic imitation effect would significantly be

stronger in the reward group and the no-reward group.

[t was predicted that the model with all main effects and interac-
tions, as well as random intercept of participants would be a signifi-
cant fit to the data. The key interaction central to our hypotheses was
between condition and congruency, as it signifies whether the auto-
matic imitation effect could be influenced by the prospect of mone-

tary gains. The following information were recorded from each trial:
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e Reaction time (RT): The time from the prompt onset (i.e., sym-
bolic cue) to the time when the participant responds with a key
press, measured automatically with Gorilla in milliseconds (ms).

e Accuracy: Whether a key press response matched the prompt

given; O (incorrect) and 1 (correct)

Results

The data was exported from Gorilla (in a .csv format) and was ana-
lyzed with R (RStudio 2021.09.0 version). Prior to analysis, partici-
pants with technical issues, error rates >3 standard deviation (SD),
and incorrect trials were excluded from the data. Additionally, the
median absolute deviation (MAD) was calculated for each participant
and condition, and RTs which deviated by 3 MAD were removed, as
suggested by Leys et al. (2013). After the errors and outliers were
omitted, RTs distribution were calculated for each condition, con-

gruency, and jitter (see Figure 3 and Table 2 below).
Main Analyses

A linear mixed model (LMM) analysis was conducted in R using Ime4
package and ImerTest package, which implemented the Satterth-
waite’s method to generate p-values for significance testing and de-
gree of freedom estimates for mixed models (Bates et al., 2015; Kuz-
netsova et al.,, 2017). The model includes RT with conditions, congru-
ency, and jitter as main predictors, condition and congruency as in-
teraction terms, and the random factor of participants to test our
hypotheses. We ran a first model with only a by-participant random
factor to observe if random effects of participant influence the RTs
prediction. Unlike previous studies (Genschow et al., 2022; van den
Berg et al, 2014) which reported comparison of means for each
group, the inclusion of random effects of participants would enhance

our prediction of means and variance for a general population that



Canadian Undergraduate Journal of Cognitive Science 159
were not part of this study. In this model, 43.81% of the variance is
explained by the random effect of participants.

A similar model with addition of fixed effects of condition, con-
gruency, and jitter was created. In this model, there were significant
main effects of conditions (8= -30.18, t = -2.10, p = .0394), congruen-
cy (B =-8.69, t =-7.67, p < .001), and jitter (p = -0.089, t = -18.76, p
<.001). The random effect of participants explained 43.40% of vari-
ance which was not explained by the fixed effect model. We com-
pared the current model with fixed and random effects with the pre-
vious model with only random effect using ANOVA, which applied
the maximum likelihood (ML) method for model selection. The pur-
pose of the test was to determine whether a more complex model was
significantly better to capture the data than a simpler model (Phillips,
2017). We found a significant result, p < .001, and lower BIC value,
BIC = 183902, indicating that the addition of condition, congruency,
and jitter fixed factors significantly improved the model fit.

We further tested the interaction between condition and congru-
ency as these factors were central to our hypothesis that automatic
imitation could be mediated by reward. In the third model, we fitted
an interaction effect between condition and congruency. The results
showed that the main effects were significant; condition (8 = -30.31, t
= -2.10, p = .0393), congruency (B = -8.81, t = -5.41, p < .001), and
jitter (p = -0.089, t = -18.76, p <.001). However, the interaction be-
tween condition and congruency was not significant (p = 0.23, t
=.100, p = .920). The random effect of participants in this model ex-
plained 43.39% of the variance which was not explained by this mod-
el. An ANOVA test was conducted to compare between this model
with interaction of congruency and conditions. The result was not
significant, p = .9203, this model with interaction term had a higher

BIC value, BIC = 183911, hence, adding an interaction term of con-
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Figure 3. Reaction times distribution in each condition, congruency, and jitter (the

dots within each boxplot represented means).

gruency and condition did not improve the model fit.

Taken together, the overall results suggest that the second model
with fixed effects of condition, congruency, and jitter, with the ran-
dom effect of participants, was the best model for our data. In sum-
mary, our results suggest no evidence of monetary incentives on the
automatic imitation between the reward prospect and stimuli con-
gruency, contrary to our prediction that the automatic imitation ef-
fect would be stronger for the reward group which received mone-

tary incentive than the no-reward group.
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Discussion

The study’s aim was to determine whether automatic imitation is
stronger for congruent trials than incongruent trials in an SRC key-
pressing task, and if this effect was modulated by a reward manipula-
tion. The study adapted an SRC finger tapping task by Brass et al.
(2000; 2001) in combination with a monetary incentive reward ma-

nipulation.
Automatic imitation effect

It was hypothesized that the RT for congruent trials would be faster
in the congruent trials than the incongruent trials. Numerous studies
have demonstrated the automatic imitation effect through an SRC
paradigm, in which compatible stimulus-response pairings produced
faster response times than incompatible stimulus-response pairings
(Brass et al.,, 2000; Longo et al., 2008). This study found a similar ef-
fect of congruency to the present paper, in which the results showed
a significant RTs difference between congruent trials than incongru-
ent trials. These outcomes then provide general support for our hy-
pothesis that there was an automatic imitation effect in the SRC task,
reflected by a faster RT's in the congruent trials (compatible stimulus-
response pairing) than in the incongruent trials (incompatible stimu-
lus-response pairing).

A similar trend in the existing literature using the SRC task was
that the spatial compatibility effects (where stimuli and response
were spatially compatible to participants) could have passed the auto-
matic imitation effect (Brass et al., 2000; Pan & Hamilton, 2015). The
SRC task in our study was structured to control or at least minimize
the compatibility effects through orthogonal presentation of video
stimuli, allowing for a clear effect of automatic imitation. These re-

sults are in agreement with those obtained by Jiménez et al. (2012)
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who also reported an automatic imitation effect after controlling for
spatial compatibility effects using orthogonal stimuli arrangements.
Overall, our findings successfully replicated the automatic imitation
effect found in previous studies with the familiar SRC key-pressing
task, as well as demonstrating this effect while controlling for spatial
compatibility in a manner coherent with the study by Jiménez et al.
(2012).

Another important finding was that RTs were significantly faster
for jitter of 740 ms than 500 ms, when the prompt onset was dis-
played later relative to the video distractor. This result seems to be
partially consistent with the other study on automatic imitation of
vowels using the SRC paradigm (Adank et al., 2018). This study used
a broader set of stimulus onset asynchrony (SOAs); with four SOAs,
and found a greater automatic imitation in both experiments at the
later SOA, i.e.,, SOA3. In this study, since there was no interaction
between congruency and jitter, we could not conclude that automatic
imitation was largest for a later jitter/SOA, hence the main effect of
jitter explained that participants were better at discriminating incon-

gruent trials when the prompt appeared later in a trial at 740 ms.

Prospect of reward does not influence automatic
imitation

We hypothesized that there would be considerable difference in
overall RTs between the reward and no-reward group. Our results
support this prediction since there was a significant main effect of
condition predicting RTs in the SRC task. The reward manipulation
worked as intended, as the reward group who had the false belief that
they were rewarded more, performed better. The results support a
previous finding by Yamaguchi & Nishimura (2019), who investigat-
ed the influence of reward anticipation on a flanker task perfor-

mance in which participants responded to the targeted colours stim-



164 Effect of Monetary Reward on Manual Automatic Imitation

uli while ignoring the accompanied flankers with identical colours.
They found faster RTs were associated with the anticipation of per-
formance-dependent rewards, which aligns with the present study
where participants were instructed that the monetary reward would
be granted for reaching performance levels in the top 10% of the
study. Bianco et al. (2021), in their study of participants’ engagement
in online auditory tasks, also found an improvement in listening per-
formance when a monetary bonus was granted, which is interestingly
similar to participants’ performance in a lab setting. Consistent with
the literature, this research found that the participants in the reward
group could have paid more attention to the task than the partici-
pants in the no-reward group. They also caution that, because online
participants are unsupervised, anonymous, and motivated by mone-
tary incentives, improving the quality of an online study is necessary
to improve its reliability. The author also mentioned that the mone-
tary incentives may have no influence if the task is too simple, or if
the return on effort is low, i.e,, it is difficult to improve performance
(Bianco et al., 2021).

Nevertheless, the main focus of our study was to test the hypoth-
esis that the automatic imitation effect was stronger for the reward
group than the no-reward group. Our results, however, do not pro-
vide evidence for this prediction as the interaction between congru-
ency and condition was not statistically significant. Previous studies
have demonstrated mixed results with regards the effect of rewards
on cognitive control. Padmala & Pessoa (2011) showed that trials
which were cued with reward had a faster response speed, implying
an increase in proactive control, which is consistent with previous
findings that reward incentives improve attentional control and re-
duce conflict. This appears to not be the case in our study in which

such effects were not detected.
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Furthermore, we could argue that the automatic imitation is tru-
ly automatic, and not controlled regardless of reward manipulations.
Research by Michalowski et al, (2017) adapted a go/no-go task,
where participants had to quickly respond to a go signal and inhibit a
no-go signal, with the addition of monetary incentives (rewards) in
the instruction at the beginning of each trial, i.e., high, medium, or no
rewards. They observed that the performance in the inhibitory go/no
-go task did not differ regardless of reward magnitudes. As such, the
effect of monetary incentives in the current study could have influ-
enced performance in the SRC key-pressing task, but not significant-
ly when the congruency effect was accounted for. In other words,
automatic imitation in the SRC task may be independent of mone-

tary incentives.
Limitations and future research

The first limitation of the current paper is the online experimental
setup which might have failed to capture the effect of monetary in-
centives on automatic imitation. Indeed, several previous studies
which explored the effect of reward on improvement of cognitive
control were carried out in a lab setting (Prével et al.,, 2021; Yamagu-
chi & Nishimura, 2019). Perhaps, if the study was carried out in a lab,
the results would yield a significant effect of reward on automatic
imitation. The reason being was that in a lab setting, experimenters
could monitor participants’ engagement on the task, which otherwise
was restricted in an online study. On that note, future online studies
should check participants’ performance across blocks of trials,
whether there could be a diminishing performance due to fatigue
effect from online studies. This might not be the case in this study as
the experiment lasted for ~20 minutes on average. Despite the limita-
tion, our study succeeded at capturing the automatic imitation effect,

as shown by faster RT's in the congruent trials than the incongruent
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trials.

Moreover, the study only mentioned the monetary incentives
once before the first block of trials in the treatment group. Krebs &
Woldorff (2017), suggested an alternative reward paradigm in a form
of feedback after each trial or block to participants. The distinction
between reward prospect and reward granted context could heavily
influence the performance in the SRC task. Thus, future studies
should explore influences on automatic imitation under different
aspects of rewards manipulations, such as high vs low reward magni-
tudes, punishment of incorrect response, and performance change
when reward is granted for correct trials.

In this regard, potential future directions of research in this area
were proposed. Future studies should first discern the automaticity
of a behaviour, and what role awareness has in the cognitive pro-
cessing of this behaviour. One of the main considerations of covert
imitation of action is to discern the automaticity of behaviours, i.e.,
how does intentional control or unconscious process modulate an
imitation and if it is possible for this to be understood through neu-
roimaging and event-related potentials based methods. Behaviour-
ally, a similar experimental setup with multiple SOAs predicting RT
in an SRC task could lead to a clearer distinction between automatic
and deliberate cognitive control. Nonetheless, while these outcomes
are an important step toward developing an integrated automatic
imitation theory, they are currently largely unspecified at the process
level. Furthering the current reward paradigm, by incorporating a
broader and more diverse set of motivational factors, holds great

promise for moving the field forward.
Conclusion

This study explored the influence of monetary incentives on auto-

matic imitation. The results showed an overall automatic imitation
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effect, and an overall effect of monetary incentive on task perfor-
mance. However, we found that the automatic imitation effect was
not modulated by the monetary incentive. Further studies could ex-
plore the use of alternative reward manipulations to further explore
how the mental processes involved in the SRC task differ from other

tasks, such as the Stroop task and flanker task.
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Abstract

In recent years, the neurodiversity concept and its coherence with contem-
porary theories on brain function have reframed perspectives on pragmatic
difficulties in Autism Spectrum Conditions (ASC), consequently acknowl-
edging the intersubjective space as a prominent part of the puzzle. In order
to concretize the paradigm shift, this thesis takes the subdivided definition
of “high-functioning” autism as a paradigm example, reviewing old and new
cognitive theories through the neurodiversity paradigm, and examining
possible cognitive bases for the pragmatic difficulties which arise in cross-
neurotype communication. A baseline of contemporary cognitive theory is
established through the predictive-coding hypothesis, which postulates that
sensory processing and meaning-making processes of the mind are con-
ducted through cortical means of Bayesian inference. In its framework and
contrasted with a neurotypical counterpart, the autistic brain is defined as
developing its internal model of the world on a neurologically different
foundation of sensory and predictive processing which leaves it in large
degrees unable to intuitively adapt to and differentiate between subjectively
important sources of stimuli in noisy environments—those self-same envi-
ronments in which the neurotypical brain thrives in, by virtue of its predic-
tive style being predicated on generalizing sensory information. This foun-
dation is perceived through the notion of the semiosphere, which posits that
these differences in mind-world relations permit different systematizations
of semiotic information in the semiosphere. From this interpretation, the
autistic brain is defined as immersing itself in a semiotic continuum which
in large parts is not made for it, thereby being caught in a tug-of-war be-
tween constant background acts of translation and more effortful searches

for relevance.

Keywords: Pragmatic difficulties, Autism Spectrum Conditions, neu-
rodiversity paradigm, cross-neurotype communication, predictive-

coding hypothesis, the semiosphere .
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Introduction

In a world of spheres, of biospheres and noospheres, of asymmetry,
diversity, and complexity, the biocultural niche of language has man-
aged to constitute the minds of humankind into a sphere of semiosis,
where meaning exists beyond the individual mind and subsists
through patterns of self-organization in communication (Lotman,
1984; Schweitzer & Zimmermann, 2001; Sinha, 2014). Through this,
the creation of a symbolically mediated biocultural complex of hu-
mankind, with the principles inherent in complex adaptive systems
dictating the creation of niches within the semiosphere, has allowed
languages and cultures to evolve into the constituent, heterogeneous
systems and patterns of meaning that we now know today (Semenko,
2012; Sinha, 2015). It is in this world of translatable values, of semi-
otic!, cultural, and neurocognitive diversity, that fluency is a term
that denotes both boundaries of communication and efficacy of ex-
pression; however, it is a world where the autistic condition and the
core tenet of neurodiversity has yet to frame itself and yet to find its
place within the larger constitution of semiotics and pragmatics in
translation, its place in the foundation of shared meanings, and thus
its place in the semiosphere.

The notion that autism denotes a spectrum of conditions is a rel-
atively novel concept. A hundred years ago, the word “autism” was
coined in reference to the self-absorbed and introspective symptoms
of schizophrenia, in which the inner self dominated over reality

(Frith, 2008). It was not until the case studies of Leo Kanner (1943)

' Semiotic : relating to signs and symbols, which themselves signify a meaning.
These signs and symbols remain as vessels or constitutive elements of a meaning,
i.e., only conveying the meaning through arbitrary representation (consider how a
word signifies a meaning, rather than itself). The sign is composed of the signifier
(the form constituting the sign) and the signified (the real-world object represented

by the signifier).
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and Hans Asperger (1944) on “autistic disturbances” and “autistic
psychopathy” in children that the term was used to denote an inde-
pendent developmental disorder, marked by impairments to social
and motoric functions. But even with this description of abnormal
behaviour, several radical shifts in concept would occur with the
emergence of epidemiological studies, categorizing features of autism
into syndromes through deficit-based accounts. Throughout the dec-
ades leading up to the 21st century, the hypotheses of Baron-Cohen
(1997) and Frith (2008) would classify the root causes of communica-
tion troubles and introspective traits to arise from a general mind-
blindness and an inability to put information into context. In recent
years, autism research has encountered a significant paradigm shift,
critiquing previous theories of pathology (Davis & Crompton, 2021;
Fletcher-Watson, 2019; Nicolaidis et al., 2019). With its foray into
popular literature, and consequently larger masses of people and re-
searchers alike, the scientific literature around autism research has
begun to redefine itself through the neurodiversity paradigm
(Armstrong, 2010; Rosqvist et al.,, 2020; Silberman, 2015)—several
authors now propose distancing the field of terminology from deficit
-based “patient”-versus-“healthy”-dichotomous descriptions of au-
tism by replacing “disorders” with “conditions” (Bolis et al., 2017).
From a linguistic standpoint, this paradigm shift presents an op-
portunity to study the larger narrative of pragmatics in cross-
neurotype interactions, through angles which might not have been
possible in a previously more restricted paradigm. Here, the assump-
tion is that the breakdown of mutual pragmatic understanding can be
shown to originate from a variable number of differences between
relevant interlocutors, namely through their neurological and cogni-
tive differences. Based on the subject matter of the neurodiversity

paradigm and its relevant studies, this paper aims to contextualize
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these pragmatic difficulties in cross-neurotype communication
through the concept of the “semiosphere” to consider how mind-
world relational aspects of semiosis and immersion into a semiotic
continuum affects a neurodiversity of minds. Autism Spectrum Con-
ditions (ASC) are chosen as the paradigm example to analyze and
discuss the literature around neurodiversity, as well as establish con-
temporary theories on cognition that directly correlate with notions
of autistic cognitive function. To alleviate any concerns of romanti-
cizing actual disorders of the mind, this paper chooses to predomi-
nantly focus on the high-functioning side of the autistic spectrum, of
autistic people who exhibit no intellectual disabilities and whose
main symptoms are related to neuronormative attributions of defi-
cits in social communication and emotion recognition, and who have

been disenfranchised by a seemingly rampant culture of disability.

Establishing a Neurodiversity Paradigm: Cognitive
Theories of Autism

In accordance with the diagnostic requirements described in the
World Health Organization’s eleventh revision of the International
Classification of Diseases (ICD-11) (the equivalent of the DSM-5-
TR), the core features of Autism Spectrum Conditions (ASC) consist
of life-long persistent abnormalities in areas of social communica-
tion, sensory experience, and patterns of behaviour—the latter of
which involves inflexible or repetitive behaviours atypical or exces-
sive to the sociocultural context (World Health Organization, 2019).
These are measured from the expected range of neurotypical func-
tioning in the specific cultural context, and any additional features
which might involve a disorder of intellectual development, a degree
of functional language impairment, or speech that lacks substantial
prosody and emotional tone. As a classification of diseases, in its ef-

fort to characterize mental, behavioural, and neurodevelopmental
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disorders, the ICD-11 orients itself on notions of normality; it is neu-
ronormative by design, so as to ensure consistent identification of
conditions which limit capacities for sustaining and initiating neuro-
typical forms of social interaction and social communication—
limitations which can prove problematic for its person and the peo-
ple who surround them, by virtue of their aberrancy.

Relative to their respective time periods, the conception and de-
velopment of cognitive theories of autism have always followed a
through-line of representing the then-current ideals and knowledge
of human cognitive function. As the most recent iteration, the ICD-
11 takes care to mention the cultural variation of norms, and how the
social abnormalities of ASC can border on normality in certain cul-
tures. Yet, despite its apparent congruence with the neurodiversity
paradigm on this aspect, and by virtue of its statistically-determined
design affirming contemporary cognitive theories, the language
through which it describes autistic people as the source of pragmatic
failure lends credence to the deficit view of autism which had domi-
neered past paradigms of autism research. This is due in part to Leo
Kanner’s influential account of early infantile autism, which led au-
tism definition and research down a path in which the main focus
was on ensuring early identification and treatment (Kanner, 1943); it
therefore stereotyped autism, and its eventual extension to a spec-
trum, to early childhood behaviour. This meant that the deficit-based
foundational studies were largely non-inclusive and limited to a neu-
ronormative perspective of neurocognitive diversity, which eventu-
ally cascaded into rampant deficit-focused studies, where the empiri-
cal failures of the previous paradigm were owed to an absence of re-
straint with regards to conjecture formed from a solely neurotypical
frame of reference. As pragmatic difficulties would belong to the au-

tistic person, with the non-autistic person not beholden to any mis-
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understandings which arose from intersubjective communicative
gaps with mentally disordered individuals, autism research of the
previous paradigm found itself concluding on matters such as mind-
blindness (a lack of empathy and inability to mentalize) and weak
central coherence (impaired holistic processing) as core deficiencies
of autistic cognition itself (Baron-Cohen, 1997; Frith, 2008). Which,
despite ongoing criticism and rejection on the grounds of non-
replicability and methodological error sources (Gernsbacher & Yer-
geau, 2019; Lépez & Leekam, 2003), these paradigms remained influ-
ential sources of publicly available information on account of con-
firming the stereotypical assumptions of autistic behaviour.

The Theory of Mind (ToM) deficit hypothesis assumes that co-
herent empathic behaviour in social interaction is reliant on the abil-
ity to make inferences about the unobservable mental states of those
around us, and that autistic people are delayed in developing this sys-
tem of putting oneself into another’s shoes. This description of the
matter ostensibly refers to the “mindreading” system as being orches-
trated through four pre-packaged brain modules, each mechanism in
tandem with each quadrant producing the detection and envisioning
of another person’s mental state: one involving a mechanism for de-
tecting intentionality, another for eye direction, a third for the detec-
tion of shared attention, and lastly one mechanism responsible for
unifying relevant possibilities into a coherent theory of mind (Baron-
Cohen, 1997). While this review and investigation of autistic children
adopts the perspective of autistic cognitive development being mark-
edly different from that of normal children, it extrapolates this mind-
blind condition of the autistic brain from their consistent failure to
display these mechanisms either at all or in tandem with each other,
from experimental set-ups designed to instigate ToM-relevant be-

haviours. In these experiments, autistic children are shown to have a
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limited or delayed capacity for engaging with joint attention, pretend
play, and emotion recognition through various neurotypical socio-
emotional loci.

Uta Frith, in her theory of a Weak Central Coherence (WCC),
extrapolates from observations and descriptions of autistic sensory-
perceptual tendencies that there is an inherent inability to orches-
trate “big picture” coherence during information-processing, and
consequently pragmatic context in social interaction (Frith, 2008).
While the neurotypical brain is understood as being intuitively excel-
lent at generalizing and removing unimportant details in the pro-
cessing of directly visual or socially pragmatic information (i.e., see-
ing the forest but not necessarily noticing the trees), the autistic brain
seems to be detail-oriented in its mind-world relation (i.e., seeing the
trees, the leaves, the bark, the bushes, and then, if ever, noticing the
forest). Although this notion still runs throughout the current neuro-
diversity paradigm, it has been redefined as a cognitive style, rather
than a deficit—a recognition of effort being part of the equation for
capacity, as a generalizing mind-world relation will be biased to its
default approach, while a detail-oriented one would be equally biased
to its preferred style, but both can be prompted to overcome its bias
and diverge to a reversely-focused approach (Gernsbacher & Yer-
geau, 2019; Lopez & Leekam, 2003).

As mentioned in the introduction, contemporary research posits
less so an image of autism constituting a disability, but rather a focus
on the two-way mismatch of salience between people on the autism
spectrum and those of typical neurological functioning (Bolis et al,,
2017). From the retrospective position of recent findings in autism
research, the ToM deficit hypothesis and its constituent readings of
autistic phenomena can be disputed as fragmented accounts of a

greater whole: The notion of a Double-Empathy Problem (DEP) re-
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lates the bidirectional nature of empathy to a mutual mindblindness
rather than belonging to one or the other. This, in turn, clarifies the
pathologization of autism as a consequence of neurotypical domi-
nance (DeThorne, 2020; Milton, 2012). DEP is the result of shifting
focus from the individual to the intersubjective space, recognizing
certain aspects of social dysfunction as being harboured between in-
terlocutors rather than belonging to one or the other. In this, DEP
mainly deals with the topic of empathy and the incongruence of
shared socio-emotional information; this occurs when two or more
people in interaction do not share the same parameters for emotion
recognition, as both parts of the interaction have trouble understand-
ing the motives and experiences of the other. This is also no less rele-
vant to the suggestions of the WCC theory, as it could be considered
a narrow description of a perceptual-cognitive style, acting as a fore-
runner to broader interpretations of autistic brain function: namely,

the predictive-coding theory of brain function.
The Brain as a Probabilistic Prediction Machine

Predictive-coding, or the Bayesian brain hypothesis, is a neuroscien-
tific theory of cognitive function and a philosophical conjecture of
mind-world relation, which depicts the brain as a probabilistic pre-
diction machine continuously organizing and maintaining an inter-
nal generative model of the outside world (Clark, 2013). The notions
of predictive processes are ascribed to this theory through the inher-
ent imperative to compensate for the skull-bound brain being unable
to interpret its exterior environment, other than through various
means of sensory input (Paton et al., 2013). To minimize the amount
of information that needs explicit processing, the internal model is
updated on the principle of predictive error minimization (PEM).
Through perceivable regularities in its data, the brain is able to im-

plicitly predict upcoming sensory input and maintain the model
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through that lens, all while updating the model on the basis of predic-
tion errors, which occur when there is a dissonance between predict-
ed and actual sensory input. This process of prediction error minimi-
zation is considered to be “precision-weighted”, where prediction
errors are hierarchically inferred on account of their precision or
certainty: On a spectrum of evaluated precision of input, lower val-
ues are more likely to be regarded as statistical noise and thus ig-
nored, while higher values denote importance and therefore demand
a correction of the internal model (Arnaud, 2020; Clark, 2013).

Now entering an almost decade-long association with autism
spectrum conditions, the predictive-coding theory has acted as an
umbrella body for a cluster of symptoms. Certain perceptual and sen-
sorimotoric abnormalities of autism, together with their unique per-
ceptual experience ostensibly described as ToM deficits or WCC, are
addressed through the PEM-centric implication that the autistic
brain, in its predictive framework, carries an inherent inability to
differentiate between high and low values of precision (Pellicano &
Burr, 2012; Van de Cruys et al., 2014). This aberrant precision ac-
count of autism implies predictive processes of autistic minds essen-
tially functioning without a “noise-filter” (Finnemann, 2019).

These combined theories of autistic perception possess the ex-
planatory power to address several key details of autism definition:
their hyper- or hypo-sensitivity to visual and auditory stimuli, the
tendency (or preference) for locally-oriented perception and detailed
local processing, the lack of coherence in certain contexts of speech
and perception, the inflexible behaviour in socio-emotional environ-
ments, and the tendency towards developing special interests
(Asperger, 1944; Baron-Cohen & Bolton, 1993; Kanner, 1943; Bog-
dashina, 2004; Van de Cruys, 2014). These notions of a significant

cognitive difference have inspired the integration of individual and
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collective levels of analysis, through the recognition of psychopathol-
ogy encompassing not only the disordered function of individuals,
but the interpersonal dynamics of autistic-neurotypical dyads and
their respective styles of interaction (Bolis et al., 2017). The Dialecti-
cal Misattunement Hypothesis (DMH) posits that larger differences
in individual predictive processes and interaction styles cause com-
munication misalignments and weak interpersonal coupling in social
interactions. This interpretation of a dialectical misattunement be-
tween interlocutors, coupled with emergent notions of cross-
neurotype communication and neurodivergent well-being in neuro-
diversity studies, has pioneered intersubjectivity as a crucial compo-
nent for substantiating accountability of neurotypical populations

(Rosqvist et al., 2020; Bolis et al., 2017).
The Neurodiversity Paradigm

The neurodiversity paradigm is an inherently reformative perspec-
tive of existing conditions of human cognitive normativity, which
takes the notion of diversity being an undeniable fact of nature and
describes the continuum of human neurocognitive variations as be-
ing part of a naturally-induced diversity of the human brain
(Armstrong, 2010). Emerging through social movements of autism
awareness and autistic self-advocacy, the introduction of the term
neurodiversity and its terminological underpinnings in the 1990s
sought to de-pathologize and re-theorize the medical diagnostic
models of neurodevelopmental disorders: most notably amongst
them, autism spectrum conditions and the realm of comorbid condi-
tions associated with it.

As the new decade of the 21st century sets in, and the paradigm
has shifted in accordance with an increasingly inclusive field of au-
tism research, further developments have accompanied the afore-

mentioned cognitive theories on the two-way nature of interaction,
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prompting the emergence of a new field of inquiry: neurodiversity
studies. In their introduction to their book of the same name,
Rosqvist et al. (2020) describe the domain as a “new theorization of
conditions that are understood as impacting on the individual’s sense
of identity” (p. 2) that has “aims to problematize neurotypical domi-
nation of the institutions and practices of academic knowledge, by
questioning the boundaries between the predominant neurotypes
and their others” (p. 2).

The subdivisions of neurotypes, and what constitutes a neurodi-
vergence and neurotypicality, has yet to be definitively regulated in
its terminology. In the case of this paper, the terminology will be a
conjecture of the subject matter of Rosqvist et al. (2020), specifically
derived from Chapter 6: Neurodiversity and cross-cultural commu-
nication by Hillary (2020), where neurotype is described as a “cluster
of similar neurological and cognitive ways of being” (Hillary, 2020, p.
92), which also recognizes that there can be overlaps between people
of different neurotypes. Neurodiversity encompasses all neurotypes,
while neurodivergence is the term used for notable divisions from
the predominant “typical” neurotype.

It is under these conditions that the neurodiversity paradigm has
inclined towards the disposition of regarding neurodivergent indi-
viduals as being minorities in a neuronormative > organization of
society which favours the majority neurotype, designated as the neu-
rotypical population (Armstrong, 2010; Rosqvist et al., 2020). On a
mental health account, its reinterpretation of several disorders of the
mind being “components on a broader continuum of sensory, affec-
tual, and cognitive processing” (Crompton et al., 2020a, p. 1446) has

provided new possible frameworks for inquiry, which help establish

2 Neuronormative : of, relating to, or based on the attitude that neurotypicality is

the only normal and natural mode of brain functioning (based on heteronormative).
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neurotype inequality and minority stressors as main factors of neu-

rodivergent difficulty and ill-being (Rosqvist et al., 2020).
A Social-Emotional Salience Account

Although recent findings of contemporary autism research and neu-
rodiversity studies have taken to depositing unprecedented value
towards the recognition of a misalignment in the two-way nature of
social interaction, there is a need to focus on what exactly is diver-
gent in the neurodivergent condition of autism in order to properly
navigate the concept of the semiosphere.

Several accounts of autistic behaviour imply not so much a mind-
blindness or a lack of sociality, but rather a need to explicitly and
consciously process social and emotional stimuli in the ocean of sta-
tistical noise that the typical social environment is imbued with
(Arnaud, 2020).

[Routine formulae] are expressions whose occurrence is tied to par-
ticular, highly predictable situations, whose meaning is pragmatically
conditioned and whose usage is motivated by the relevant character-
istics of social situations. (House, 1996, p. 225)

The specialized niche of the neurotypical social environment, ex-
pressed by routine formulae, highly rewards tuned down precision
due to how a multiplicity of accidental properties are expected to be
regarded as uninformative and of low precision, by virtue of meta-
learned social rules that determine relevance and irrelevance. These
neurotypical social interactions are most often reliant on exchanges
of high-level predictions, reducing complexity through a salience for
social cues, which dictates the neurotypical social environment to-
wards an intuitive preference for social and emotional information in
focused areas of attention: “By being salient, social and emotional
stimuli will become more fluent and familiar for neurotypical peo-

ple” (Arnaud, 2020, p. 12).



184 A Semiospheric Interpretation

With the recognition of a highly mediated and specific complexi-
ty of neurotypical social environments, the social-emotional salience
account of autism addresses the seemingly unsociable and dismissive
behaviour of autistic individuals through the aberrant precision ac-
count; because the autistic mind processes virtually everything in
subequal amounts by default, due to an aberrant encoding of preci-
sion, social-emotional salience is evidently hard to develop and is
therefore instinctively absent in most cases. Thus, the autistic mind
has to process the neurotypical social sphere of information as they
would with any novel input (Arnaud, 2020). This consequently means
that there is not so much an integration into the experience of social
interaction as much as there is an alienation from it—without implic-
it processing of social cues, fluency and participation in a neurotypi-
cal social world is inhibited by the need to consciously detect and
process relevant social information.

In the social environment of neurotypical majorities, the frame-
work of autistic predictive processing is constantly presented a di-
lemma of either deviating from their neutral cognitive mode and hy-
pothesizing what their fellow humans deem salient, or be socially
alienated; they have to engage in a different mind-world relation,
acquiring fluency at the cost of their prediction and interaction style
(Livingston et al., 2019). The existence of autistic fatigue (or burnout),
which is where autistic people experience chronic exhaustion, loss of
skills, and reduced tolerance to stimulus, implies that constantly de-
viating from the thresholds of their interaction style, and circum-
venting the principles of minimalization in their prediction style
through intellect, exhausts their neural energy supply (Raymaker et
al., 2020; Wang et al.,, 2017). Furthermore, adaptation via intellect to
neurotypical spheres of communication can occur throughout differ-

ent temporal scales and multiple exposures; e.g., repeated observa-



Canadian Undergraduate Journal of Cognitive Science 185
tions and experiences and consciously learned experience can be
achieved through the span of a dialogue encounter or the lifespans of
individual relationships, but these never constitute a complete fluen-
cy as it is effectively the development and maintenance of a
“mask” (Bolis et al., 2017; Hull et al., 2017; Pearson & Rose, 2021).

An equally significant aspect of neurodivergence relates to the
contemporary notion of a two-fold social disfluency, where non-
autistic people have trouble understanding autistic people. This is the
basis for the Double-Empathy Problem (DEP) which, in line with
social-emotional salience, denotes a bidirectional misunderstanding
of feelings and perspectives (DeThorne, 2020). This notion of mis-
matched salience in cross-neurotype social interaction has chal-
lenged the traditional ToM-deficit view of autism by conferring
breakdown in pragmatic understanding as a symptom of cognitive
and perceptual differences being at odds with each other, causing a
communicative gap.

Although the predictive-coding account of autism, together with
notions of neurodiversity, has helped to further induce a paradigm
shift, the notion of autistic individuals relying on intellect to progress
socially is not so much a novel concept as it has been one of the main
identified consequences of the condition. It goes as far back as to the
conception of the autistic condition by Hans Asperger:
Normal children acquire the necessary social habits without being
consciously aware of them, they learn instinctively. It is these instinc-
tive relations that are disturbed in autistic children. To put it bluntly,
these individuals are intelligent automata. Social adaptation has to
proceed via the intellect. In fact, they have to learn everything via the
intellect. (Asperger, 1944, p. 58)

Of course, certain aspects of this reading have been revised

throughout the decades, such as with the notion of an intelligent au-
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tomata: The autistic condition is no longer psychopathic in its defini-
tion, as signified by numerous accounts of there being a full range of
emotions and the presence of cognitive, as well as affective, empa-
thy—albeit with inhibited or different forms of expression (Berthoz
& Hill, 2005; Brewer et al., 2016). Emotion recognition is present in
autistic cognition, albeit functionalized by explicitly controlling for
details rather than their predictive processes intuitively accounting
for it (DeThorne, 2020), which further manifests itself as inflexibility
in volatile socio-emotional environments, as their predictive style
needs a higher level of certainty before proceeding to a stable pro-
cessing stage (Latinus et al, 2019). This can be recognized as a para-
digm of social interaction in and of itself, as it constitutes the autistic
sphere of social-emotional recognition and processing. As evidenced
by studies on autistic peer-to-peer information transfer and friend-
ship quality, without the ramifications of neurotypical social domi-
nance, autistic groups of people are able to essentially reach a level of
social comfortability and identity not otherwise possible as when
they are in neurotypical social spheres (Crompton et al., 2020a;

2020Db).

Defining a Sphere: Neurodiversity, Cultures & Shared
Meaning

It is through the introduction of separable niches of relative informa-
tional efficiency and social comfortability on the basis of their neuro-
type that the analysis of human social communication and experience
is allowed a neurological dimension. While group membership and
social identity is variable on the basis of many different factors, the
key principle of similarity-based interpersonal attraction has been
widely regarded as a pertinent factor in the formation and cohesive-
ness of a social relationship or group (Hogg et al, 1995; Triandis,

1960). It is within this similarity hypothesis that the predictive-
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coding perspective of autism can be utilized to regard dissimilarities
in neurologically grounded mind-world relations as key catalysts for
communicative gaps in social communication.

To make meaning out of the world and successfully engage with the
environment requires the ability to perceive sensory information
from the world and integrate that information in meaningful ways
into states of consciousness which then thrusts the individual into
the world with appropriate actions.(Mueller & Tronick, 2020, p. 255)

The paradigm shift has solidified the notion of empathic difficul-
ty being present on both sides due to a mismatch of mind-world rela-
tions, as well as different predictive styles garnering different inter-
action styles, certain existent meanings in a semiotic niche might not
be salient in another interlocutor’s world of meaning, per the social-
emotional salience account. In relation to autism, these fundamental
differences in sensory processing and meaning-making compound
into atypical meanings and deviant experiences of events (Mueller &
Tronick, 2020).

As such, with pragmatic language being reliant on an equivalent
perception of context between interlocutors (Horton, 2012)—in such
a way that their predictive processes account for the same details in a
semiotic niche, the dearth of reliable empathy, and the jarring effects
of incongruous interaction styles between autistic and non-autistic
people, presents a higher likelihood of a breakdown in social com-
munication (Williams et al., 2021). It is within this theme of dialecti-
cal misattunement on the basis of neurocognitive differences, that
this main body of the paper intends to clarify the relevant communi-
cative aspects of the neurodiversity paradigm, and further yet, con-
textualize the mind-world relational implications of divergent minds
creating divergent environments through the comparison to the

principles of culture and the semiosphere.
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Cross-Neurotype Communication and its Implications

Diversity begets complexity, and in the case of human societies and
its constituent phenomena, inter alia, communication, and meaning-
making, the interacting adaptive entities (human beings) produce
patterns and structures of behaviour, upon which principles of self-
organization effectuates the development of social niches (Ashby,
1962; Graham, 2015; Page, 2010). It is in this ordering of types
through their circumstances that it becomes relevant to compare the
separate elements of aggregate ways of being; so far, this paper has
only concerned itself with neurocognitive diversity in relation to the
ways in which pragmatic information acquires its context in social
communication.

It is through the neurodiversity paradigm that it is possible to
infer that since neurotypes in their diversity can constitute wholly
different spheres of experiences of the world and its meanings, it al-
lows for a comparison to cultural diversity, upon which the ordering
of effects in cross-neurotype communication would follow along the
same principles as cross-cultural communication (Rosqvist et al,
2020). In both circumstances of communicating across significant
differences, whether on the basis of neurocognitive or cultural diver-
sity, pragmatic difficulties occur because of context-specific misa-
lignments of mind-world relations, whether it is in their use of lan-
guage, the values and morals they ascribe to themselves as well as the
world, or the customs of life upon which their interaction styles are
predicated (Hillary, 2020). What the subject matter of DEP and DMH
suggests in this correlation is that while the neurodiversity paradigm

has helped contextualize theories on cognition and social communi-

3 In reference to a lesson on subtlety in cross-cultural communication, in which the
examples listed by the teacher were presumed to only be applicable to cultural differ-
ences, but were equally applicable to examples of cross-neurotype communication,

yet were not recognized as such because of their neuronormative orientation.
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cation to core characteristics of autism spectrum conditions, the
frames of understanding which acknowledge the existence and prev-
alence of not only functionally different minds, but also fundamen-
tally distinct styles of social interaction, is a much more accepted as-
pect of cross-cultural communication versus cross-neurotype com-
munication (Crompton et al., 2020c).
It was the same meaning — almost the same words. It was the same
bluntness — even the same confusion. I claim a cultural difference:
Autistic and Neuronormative, [which is] denied. They claim a cultur-
al difference: American and Chinese, [which is] a known issue.
(Hillary, 2020, p. 91)°

While there is a different conversation to be had on the status of
neurobigotry, the more important implication of this observation is:
The circumstances of interactions in which neurotype difference is
the main precedent for pragmatic and empathic failure most often
lack the basis for bridging communicative gaps through stories and
context, in analogous reference to cross-cultural communication;
and cultures have historical context, upon which the differences be-
tween interlocutors can be attributed to the external source of their
cultural-societal roots (Hillary, 2020; Bolis et al., 2017). In the case of
cross-neurotype communication, the communicative gap is most
often owed to the assumed disability of the individual, such as an au-
tistic condition, as an invasive insistence, as the non-autistic person
would be used to most interactions going as according to neuronor-

mative expectations (Milton, 2012).
The Notion of the Semiosphere

Boundaries seem to shape around neurotypes and cultures, wherein

meanings, whether constituted by the formal systems of signs in their

4 Or meaning-world, as per the Danish interpretation of the semiosphere :

"betydningsverden” (meaning + world).
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language or by shared understanding of pragmatic meanings, seem to
be apprehensible only to constituent members of the relative niche.
Any attempt to communicate across mind-world relational differ-
ences is subject to potentially turbulent exchanges of half-meanings,
which are only mitigated by similarities in other spheres of meaning;
which is to say that interaction tuning is possible, only as long as
there is some shared baseline that allows for translation or explana-
tion of misunderstood facets (Bolis et al., 2017).

The great assumption of neurodiversity is, despite a neuroplasticity
of the adaptive brain allowing adjustments to new environments
through changes in its neurocognitive architecture, there are some
forms of social communication which seem to depend on the founda-
tional type and anatomy of the brain—neurodiverse conditions are
more potentially vulnerable to this definition as socio-cognitive in-
flexibility interrelates with accounts of aberrant precision and funda-
mental differences in neurological and cognitive functioning
(Chamberlain et al., 2020; Timberlake, 2019; Voss et al., 2017). It is
within this assumption, in keeping with this trend of describing con-
cepts that have yet to obtain an unambiguous definition, that the
semiosphere is a potently relevant term, as it functions as a semiotic
framework upon which conversations about the existence of borders
and translation in complex interactions between different worlds of
meaning* are made possible.

Juri Lotman’s concept of the semiosphere was moderately
framed in 1984 as both an abstract analogy and semiocentric contin-
uation of Vladimir Vernadsky’s biosphere, denoting it as the all-
encompassing semiotic continuum comprised of “multi-variant se-

miotic models situated at a range of hierarchical levels” (Lotman,

5 Multiple worlds and truths, in reference to how the brain only perceives whatever
it deems salient, and that different senses of salience would produce different an-

swers (see: gestalt, dialectics, socratic method, ideologies).
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1984, p. 206). It had the underlying function of defining the duplex
nature of the individual human organism as a constituent to not only
its biological niche in the larger biosphere, but also its immersion
into the self-constructed symbolic dimension of the human biocul-
tural complex (Sinha, 2014). As much as the biosphere is defined as a
biological membrane of the Earth, wherein the multiplicity of living
beings all exist and are constituent members of various ecosystems
and ecological niches, the primary semiosphere is both a semiotic
space within which the totality of all semiotic acts exist, and simulta-
neously the fundament upon which all interconnected semiotic sys-
tems and products of semiosis are built upon (N6th, 2006).

It has since then been developed and reinterpreted through sev-
eral domains of research, most arguably gaining definition through
its influential role in the development of cultural semiotics and oth-
erwise through constituent niches of semiotic research: inter alia,
theosemiotics, and biosemiotics (Kotov & Kull, 2011; Poder, 2021).
The terms of “the semiosphere”, “multiple semiospheres”, and
“semiotic space” have since then acquired a polysemous characteristic
in terminology, wherein their meanings are dependent on the angle
and field of research (Kull, 2005; Torop, 2005). In the case of this pa-
per, we are dealing with pragmatic difficulties and capabilities in
communication: As such, the primary semiosphere will be most rele-
vantly defined as the world of shared meanings, a network of sign
relations, and multiple worlds of meaning 5 (Kull, 2005; N6th, 2006).
Through this, languages are definable as systems of meaning, the cor-
ollary being that cultures are systems of shared understanding or
historically transmitted patterns of meaning. A semiotic space would
then denote the space of meaning delineated by a semiosphere, akin
to the albumen and yolk of the egg, while a semiosphere emphasizes

the existence of a shell, a boundary—which brings to mind the con-
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cept of semiospheres within semiospheres, borders within borders.
The Semiotic Space in Relation to Autism

An inherent feature of the semiosphere is that it is constituted by
several smaller semiotic spaces; parallel to biodiversity in a bio-
sphere, the diversity of semiotic systems effectuates niche construc-
tion in its complexity, of which interconnected participants of the
semiosphere delineate themselves into peripheral semiotic niches of
the primary semiosphere (Sinha, 2014). Termed secondary semio-
spheres, or simply “semiospheres”, these patterns of meaning are sup-
plementary superstructures upon the core of the primary semio-
sphere (this core being comprised of the most logical structure of
meaning: natural language), where the systems of the core “permeate
almost all semiospheric levels” throughout the superstructural niches
of meaning-making (N6th, 2006; Semenko, 2012, pp. 114-115). This
is where the diversities of culture reside, and at the intersection of
their peripheries, cross-cultural communication occurs: the connec-
tions through which pragmatic meanings become relevant, and in
turn, fluency in different kinds of communication other than natural
language. In comparison to hindrances in the conveyance of meaning
in cross-linguistic interactions, where poor or non-existent compre-
hension has more of a basis in the componential values of the prima-
ry sign (the signifier and the signified) not yet gaining coherence in
the mind of the individual (McGregor, 2015), the pragmatic difficul-
ties of cross-cultural communication involve mismatches in the re-
spective patterns of meaning, represented by how each individual
acquits himself in the semiosphere.

As it stands, pragmatic failure in the realm of cross-neurotype
communication seems to deal with a more primary level of meaning,
one in which understanding is much more dependent on its neuro-

logical foundation, where a specific type of mind-world relation en-
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sures fluency in a specific semiotic space. It is here that it should be
important to address the smallest unit in the equation of the semio-
sphere: the concept of Umwelt coined by theoretical biologist Jakob
von Uexkiill (1864-1944) as the self-centred world of meanings and
ostensibly described as the individual semiosphere (Semenko, 2012).
Here, the Umwelt is essentially congenial to the internal model of the
Bayesian brain, insofar as it “includes all the meaningful aspects of
the world for a particular organism” (Kull, 1998, p. 304). In reference
to aforementioned theories on cognition, the Umwelt as an individu-
al semiosphere would be an interpretative model of the “true” world,
restricted and filtered by their sensory systems, through their predic-
tive-coding framework and parameters of precision. This conse-
quently means that unknown semiotic values, by virtue of a different
sense of salience and relevance, would not be perceived, unless
through extrapolation of half-known patterns and systems of mean-
ing (McGregor, 2015; Semenko, 2012); we are in multiple worlds of
the semiosphere at all times and it is only through half-meanings, the
so-called peripheries of the semiotic spaces we are immersed in, that
we can engage with other semiospheres (Kull, 2005).

A man receives only what he is ready to receive, whether physically
or intellectually or morally, as animals conceive at certain seasons
their kind only. We hear and apprehend only what we already half
know. If there is something that does not concern me, which is out of
my line, which by experience or by genius my attention is not drawn
to, however novel and remarkable it may be, if it is spoken, we hear it
not, if it is written, we read it not, or if we read it, it does not detain
us. (Thoreau, 1961, pp. 212-213)

A neurotype is, by definition, a statistical fact of human neurological
functioning in which the person is observationally grouped together

with people of the same neurotype. There is no inherent communion
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Figure 1: Diagram of translation in cases of untranslatability (Monticelli, 2019, p. 396).
The semiotic spaces of a intersects with that of b, where c represents the various peripheries
of intersecting semiospheres between a and b, which in turn makes it possible to engage in

the act of translation of the untranslatable.

of minds in the diagnosis of a neurodivergent condition, wherefore a
neurotype can be considered a hierarchical classification of similar
Umwelten on the basis of residual signs that pertain to certain neuro-
logical and cognitive ways of being. Consequently, neurodivergent
individuals seem to assimilate certain aspects of semiospheres differ-
ently from their neurotypical counterparts, with some more patently
definable than others (such as with dyslexia) (Rosqvist et al., 2020),
while the high-functioning region of the autistic spectrum of minds
paradoxically has a more subtle difference in assimilation of core
systems of the semiosphere (natural languages), yet a wholly different
semiotic preference for systematic representations of meaning in a
multiplicity of neurotypical-centric semiospheres (Tebartz van Elst
et al,, 2013). And if this interpretation is ordered on the principles of
neurodiversity, where semiospheres are neurodiverse in their multi-
plicity, the definition would rather be one which signifies that the
autistic mind has a semiotic preference for autistic systematic repre-
sentations of meaning.

The intriguing character of high-functioning autism and neuro-

diversity as a whole on semiospheric terms is that a neurotype con-
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stitutes a mind-world relational preference for specific facets of se-
miotic spaces, inhabiting a specific sort of semiosphere in its engage-
ment with the interconnected participants of the primary semio-
sphere. If most of the established patterns of meaning are neurotypi-
cally inclined by virtue of predominance, then autistic individuals are
constantly engaging with the generic social world through
“background acts of translation” and decidedly “more effortful
searches for relevance” (Williams, 2020, p. 17). This is where the
principal notion of the semiospheric interpretation reveals itself in
how it defines cross-neurotype communication as heterogeneous,
asymmetric interactions of mind-world relations.

The difference between autistic and non-autistic individuals is
much less a dualism between two minds, but more so a “multiplicity
of boundaries creating intersecting spaces” (N6th, 2015, p. 20). The
resulting description of a bilingual mechanism in autistic interactions
with neurotypical spheres of meaning is more so a recognition of
how “it is invariably autistic people who are the ones expected to
function according to ways of organizing (and perceiving) concepts
that do not necessarily come naturally to them” (Williams, 2020, p.
17). Despite a reciprocity in untranslatable spaces, the autistic person
bears the brunt of neuronormative expectations, as the neurotypical
will inevitably be accustomed to mutual experiences of semiotic
spaces, consequently possessing less incentive to engage in a transla-
tional process of possible unknowns (Hillary, 2020; Davis & Cromp-
ton, 2021; Milton, 2012).

The Relevance of an Autistic Semiosphere

There is a constitutive explanatory value in establishing a neurologi-
cal dimension to the semiosphere as well as the semiosphere rein-

forcing the contemporary idea of multiple interrelating mind-world

¢ See : The sorites paradox
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relations in the neurodiversity of humankind. Although the potential
curriculum of neurodiversity will inevitably be tied to the motifs of
identity and de-pathologization, the semiospheric interpretation pre-
sents itself as a conceptual framework upon which dualistic notions
of neurodiverse-neurotypical dichotomies can be contested in favour
of the more fundamental concept of neurodiversity: that every hu-
man being is part of the diversity of neurological and cognitive func-
tioning, and that the continuum of neurocognitive variations does
not denote wholly different mind-world relations, but a multivaria-
ble continuance with other constituent members of the semiosphere
through the intersecting spaces of our mind-world relations, with the
ones denotable as neurodivergent essentially existing on the periph-
eries of normative systematic representations of meaning in the shar-
ing of Umwelten. With this in mind, it is also possible to envision a
future use case of the semiospheric interpretation beyond solely
identifying pertinent differences between autistic and neurotypical
mind-world relations, but also concretizing the terminology embed-
ded in the neurodiversity concept by exploring where exactly the
boundaries lie between what phenomenologically constitutes these
categories of mind-world relations — recognizing the paradox of
vagueness which exists in a phenomenological approach to pragmatic
difficulties in ASC and how neurotypes would be categorized against
each other.®

This semiospheric interpretation also challenges the notion be-
hind humans sharing a foundation of basic psychological processes,
and that what is consequently perceived as a “process commonali-
ty” (Berry, 2004) might be more nuanced in its diversity than what
has been previously assumed; neurodiversity posits the idea that be-
havioural variability is not just a result of cultural shaping, but also

variable foundations of neurological and cognitive styles of meaning-



Canadian Undergraduate Journal of Cognitive Science 197
making and sensory processing.

Consequently, it also reinforces the idea that at this point in time,
“we know more about autism than we've ever known, [yet] what we
know is very little, and what we know is decidedly non-
autistic” (Yergeau, 2018, p. 11). This is why inclusive research, where-
in a research group consists of a decent amount of autistic research-
ers, has been so vital in properly defining the facets of cross-
neurotype communication. The neurodiversity paradigm has allowed
the centring of the neurodiverse sensory experience, thereby recog-
nizing translation as a core aspect of autistic existence and allowing
for more autism research from a predominantly autistic point of
view, instead of relying on predominantly neurotypical descriptions
of untranslatable semiotic values. Through the subject matter of neu-
rodiversity, of DEP and DMH, and its referential interpretation
through the semiosphere, the argument that translation should be
more relevant, if not equally so, for the neurotypical population has
been reinforced.

Nevertheless, the potential intrinsic harmfulness in an ill-
considered application of neurodiversity should also be recognized
when attempting to clarify the characteristics of abnormality and
dysfunction. The idea of neurodiversity should not romanticize the
whole field of neurominorities and mental illnesses; precautionary
measures should be considered in the attempt to clarify and de-
pathologize a spectrum of developmental conditions because a con-
siderable amount of autistic people will be disabled, with the low-
functioning parts of the spectrum falling under the flag of disability
(Hughes 2021) as the symptoms of autism can become so severe that
the person in question is unable to live without assistance (American
Psychiatric Association, 2013; Armstrong, 2010; Rosqvist et al,

2020). Further yet, while neurodiversity studies and constituent ef-
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forts towards instituting the findings of DEP and DMH into diagnos-
tic and treatment procedures of autism, the rest of the world (namely
workplaces and school settings) have yet to formally adjust to the
paradigm shift. If society in its neuronormative state does not allevi-
ate possible difficulties of being of a different mind-world relation, in
the levels as described in this paper, then there is still a concept of
social disability to consider (Ruesch & Brodsky, 1968; Shakespeare,
2017). As such, the importance of sensitive periods and early identifi-
cation of autism should not be ignored, even under the idea of a neu-

rodiversity of humankind (Mueller & Tronick, 2020).
Conclusion

In this paper, the purpose of aligning neurodiversity and its constitu-
ent phenomenon of cross-neurotype communication with the funda-
mental concept of the semiosphere was to properly recognize the ties
it had to cross-cultural communication, and in turn clarify the dispo-
sition of ASC, together with relevant cognitive theories of mind-
world relations, in the larger narrative of a semiotic continuum. In
the frame of neurodiversity, previous theories of autistic cognition
are inferable as fragmented accounts of a greater whole, presenting
components of these theories in a more complete manner through
contemporary hypotheses of dialectical misattunement and a double-
empathy problem between interlocutors. This is all made possible by
the foundation of the predictive-coding hypothesis, which accentu-
ates the autistic brain as having a different sense of salience in the
semiotic spaces of the symbolic biocultural complex by virtue of a
different sensory system. Through this, the semiospheric interpreta-
tion suggests that the autistic mind immerses itself in a generically
neurotypical semiotic continuum which, to a large extent, is not suit-
able to the different systematization of meaning inherent in its pre-

dictive style. On the basis of the similarity hypothesis, this has reper-
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cussions for the membership into social niches, as pragmatic ele-
ments of a social interaction rely on the continuity of equivalent per-
ception and mutual understanding of context. The discontinuity be-
tween autistic and non-autistic predictive and interaction styles cre-
ates a self-sustaining communicative gap, which is further worsened
by a generally neuronormative orientation of society encouraged by
previous deficit-based accounts of autism research. The autistic indi-
vidual has to adapt, translate, and search for relevance in a mind-
world relation that does not come naturally to them. All this culmi-
nates into the recognition of neurodiversity as a still-developing per-
spective and paradigm that has yet to substantially change the cur-
rent situation of neuronormativity. But nevertheless, a paradigm in
which the concept of the semiosphere can help delineate the borders
between disability and interpersonal mismatches of asymmetrically
equal minds. It can contribute to the expanding literature of neurodi-
versity in tandem with autism, such that even at this conceptual
stage, it can be an informational tool for substantiating intersubjec-
tivity and accountability of neurotypical populations in the bridging

of communicative gaps.
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Abstract

Body dissatisfaction is most prevalent in adolescence when boys and girls
experience physical changes in their bodies. The aim of the current study
was to test the predictive effect of parental pressure and overt control on
body dissatisfaction among Singaporean adolescents (N = 155). Self-
reported measures designed to assess adolescents’ body dissatisfaction, body
-related parental pressure, and parental overt control on food intake were
administered to adolescents aged 13-20 years (M = 17.22, SD = 1.85). The
data were analyzed with a series of hierarchical regression and Pearson cor-
relation tests. Path analyses were performed separately for males (N = 50)
and females (N = 100). The results showed that only parental overt control
positively predicted body dissatisfaction in adolescent girls. Neither body-
related parental pressure nor overt control predicted body dissatisfaction in

adolescent boys. Implications of the findings were broadly discussed.

Keywords: Adolescence, body dissatisfaction, parental pressure, overt

control
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Introduction

Body dissatisfaction can be defined as having negative thoughts and
feelings toward one’s body (Myers & Crowther, 2009). Body dissatis-
faction tends to be strongest during adolescence and most salient
during the onset of puberty (Santrock, 2019). Similar to Western
studies, Singaporean studies have found that adolescent girls were
less happy with their bodies than adolescent boys (Lwin & Malik,
2012; Chng & Fassnacht, 2016). This phenomenon could be ex-
plained by the physical changes that occur during adolescence and
media portrayals of ideal body shapes (Griffiths et al., 2017). During
puberty, girls tend to gain more body fat, which draws them further
from the thin ideal body shape portrayed in the media. In contrast,
boys tend to gain more muscle, which draws them closer to the mus-
cular ideal body shape portrayed in the media.

Studies have mostly looked at the effects of parental influence on
body dissatisfaction in terms of parenting styles. Authoritarian par-
enting, characterized by high parental control and low warmth, was
associated with higher risks of disordered eating behaviours in ado-
lescents (Jauregui Lobera et al., 2011). Research revealed that children
with authoritarian parents experienced greater significant amounts
of body dissatisfaction and had a higher likelihood of engaging in
extreme weight-control behaviours (Enten & Golan, 2009; Zubatsky
et al,, 2014). Moreover, highly controlling authoritarian parents tend-
ed to be psychologically controlling, which can lead to disordered
eating (Robertson, 2020; as cited in Reilly et al, 2016). Given that
most Singaporean mothers employ authoritarian parenting practices
(Cho et al., 2020), which are linked with body dissatisfaction, the pre-
sent study explored the effects of parental control on body dissatis-

faction in Singaporean adolescents.
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Parental Control

In parenting literature, parental control refers to parents’ involvement
in making decisions for children (Grolnick & Pomerantz, 2009).
There are two dimensions of parental control: psychological control,
which regulates children's feelings and thoughts, and behavioural con-
trol, which regulates children's actions and behaviours (Barber, 1996;
Barber et al., 2005). Studies have consistently shown that psychologi-
cal control can lead to internalizing depressive symptoms (Barber,
1996) and negatively impacting the emotional well-being of children
(Gray & Steinberg, 1999; Wang, et al, 2007). Based on self-
determination theory, satisfying the universal need for autonomy is
indispensable for psychological functioning (Deci & Ryan, 1985).
Psychological control, which thwarts the need for autonomy in ado-
lescents, has thus been found to be associated with adverse develop-
mental outcomes, such as diminished emotional functioning, depres-
sion, and delinquency (Barber et al., 2005; Pomerantz & Wang, 2009).
In contrast, behavioural control has been linked to more positive
outcomes. For instance, it was found that behavioural control can
reduce adolescents’ exposure to maladaptive behaviours while in-
creasing adaptive outcomes such as improved academic competence
and lower delinquency (Fletcher et al., 2004; Gray & Steinberg, 1999;
Grolnick & Pomerantz, 2009; Wang et al., 2007). The aspects of psy-

chological and behavioural control are summarized in Table 1.
Psychological Control: Body-Related Parental Pressure

One aspect of psychological control is body-related parental pres-
sure, which is conceptualized as the perceived demand to modify
one’s body shape or weight through parents’ negative verbal com-
mentary. Existing literature highlights three forms of body-related

parental pressure that can affect body dissatisfaction levels: parental
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teasing, parental encouragement, and parental criticism (Helfert &
Warschburger, 2011; Kluck, 2009).

Parental teasing refers to negative verbal commentary about the
adolescent’s diet, weight, or body shape, delivered in a playful or light
-hearted manner (Helfert & Warschburger, 2011). A systematic meta-
analysis has found parental teasing to be positively associated with
low self-esteem and body dissatisfaction (Menzel et al., 2010). Paren-
tal encouragement refers to negative verbal commentary about the
adolescent’s diet, weight, or body shape that is intended to be encour-
aging (Helfert & Warschburger, 2011). In a study, parental encour-
agement to control weight and size was found to be the most robust
predictor of body dissatisfaction (Kluck, 2010). Parental criticism re-
fers to negative verbal commentary about the adolescent’s diet,
weight, or body shape delivered in a hostile or harmful manner
(Rodgers & Chabrol, 2009). Studies have revealed that female adoles-
cents’ self-reported frequency of parental criticism is a strong predic-
tor of body dissatisfaction and disordered eating outcomes (Rodgers
& Chabrol, 2009). However, much less is known about the relation-
ship between parental criticism and body dissatisfaction in adoles-
cent boys.

By and large, parental pressure regarding adolescents’ body
shape and weight has been linked to greater body dissatisfaction
(Chng & Fassnacht, 2016). While the underlying mechanism behind
this link is not completely understood, research revealed that this
link was partially mediated by the internalization of media ideals and
appearance comparison (Rodgers, Paxton & Chabrol, 2009). Addi-
tionally, a study led by Lwin and Malik (2012) in Singapore indicates
a gender difference in the impact of parental pressure, where the
negative verbal commentary was more strongly linked with body

dissatisfaction in boys than girls in early adolescence. Though hypo-
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thetical, the researchers believed that this finding can be attributed to
the weight status in their sample, wherein there is a higher percent-
age of boys (39.5%) who are obese than girls (24.1%). As such, boys
might have received greater parental criticism, leading to increased

body dissatisfaction amongst boys.
Behavioural Control: Overt Control

Overt control can be defined as children’s perception of their parent's
actions to regulate their eating practices (Ogden et al., 2006). There
are two facets of overt control: parental restriction and parental
monitoring. Parental restriction comprises the ways in which children
perceive that their parent(s) limit their access to certain foods; paren-
tal monitoring involves the degree to which children perceive that
their parent(s) track, check on, and oversee their eating (Birch et al,,
2001). Studies have shown that parental restriction of palatable foods
was associated with children’s poor self-regulation of food consump-
tion and unhealthy eating patterns (Carper et al., 2000; Fisher &
Birch, 1999). Research has also found parental monitoring of food
intake to be associated with greater overeating behaviour (Kenyon et
al., 2009). Taken together, these findings indicate that parental overt
control may lead to poorer self-control, which has been linked with
higher saturated fat intake and less strenuous exercise in adolescents
(Wills et al., 2007). As a result of unhealthy eating and lifestyle, paren-
tal control can lead to overeating and obesity (Costanzo & Woody,
1985; Johnson & Birch, 1994). Given that studies have consistently
found body mass index (BMI) to be strongly linked with body dissat-
isfaction in adolescents (Barker & Galambos, 2003; Paxton et al.,
2006; Taylor et al., 2012), the negative impact of high parental con-

trol on body dissatisfaction becomes evident.
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Table 1: Summary of Psychological Control and Behavioural Control

Constructs

Construct

Definition

Example

Psychological Control

Parental Teasing

Parental

Encouragement

Parental

Criticism

Negative verbal commen-
tary; delivered in a playful

or light-hearted manner

Negative verbal commen-
tary; delivered in a moti-

vating manner

Negative verbal commen-
tary; delivered in a hostile

or harmful manner

“You should watch your
weight; you look like a
watermelon!”

“Please eat more, I don’t
want you to get blown

away by the wind.”

“You should eat more; you
look like you have lost
weight recently.”
“Exercise will make your
body look better; you

should do it more often.”

“You're a nightmare! Why
are you still eating so much
when you have put on so
much weight lately?”

“You are too skinny for
your age. You should exer-
cise more and build up

some muscles!”

Behavioural Control

Parental

Restriction

Parental

Monitoring

Perception that parent(s)

limit their access to food

Perception that parent(s)
track, check on, and over-

see their consumption

The child notices that their
parents do not allow them

to eat food high in saturat-
ed fat (e.g., fried food).

The child notices that their
parent does not allow them
to eat ice cream more than

once per week.
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The Present Study

Existing literature suggests that both the psychological aspect (i.e.,
body-related parental pressure) and behavioural aspect (i.e., overt
control) of parental control can have undesirable outcomes on body
dissatisfaction. In the context of this paper, body dissatisfaction is
defined as the negative perception of one’s body, weight, and appear-
ance. While some studies suggest that overt control can lead to slight-
ly more positive outcomes in other areas of development (Pomerantz
& Wang, 2009; Grolnick & Pomerantz, 2009), there is a paucity of
research on the effects of parental overt control on body dissatisfac-
tion in adolescents. Therefore, the present study aims to fill this lacu-
na by investigating whether psychological and behavioural control
are significant predictors of body dissatisfaction in thirteen- to twen-
ty-year-old female and male Singaporeans. The following were hy-

pothesized:

1. Body-related parental pressure would positively and significant-
ly predict adolescents’ body dissatisfaction above and beyond
overt control;

2. Overt control would positively and significantly predict adoles-
cents’ body dissatisfaction above and beyond body-related pa-

rental pressure.

Methods
Participants

A total of 182 participants were recruited via online invitations sent
through social media platforms like Whatsapp and Telegram. Con-
venience sampling was employed in this study due to the short data
collection period lasting about 2 weeks. Participants were required to

meet the following criteria: 1) must be Singaporean, 2) must current-
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ly live with at least one parent, 3) must be aged between 13 to 20
years old. 27 responses that did not meet these criteria were excluded
from data analysis. The final sample consisted of 155 participants
(Age: M = 17.22, SD = 1.85; BMI: M = 21.12, SD = 3.71) with 100
females, 50 males, and 5 who did not specify their gender. The ethnic
composition of the sample was 91.6% Chinese, 3.2% Indian, 2.6% Ma-
lay, and 2.5% who selected "other" or did not specify.

Procedure

The study was conducted as part of the Adolescent Psychology labor-
atory module at the National University of Singapore, where the re-
searchers were enrolled in. Online invitations were sent to the social
media contacts of the researchers. After responding to the online in-
vitation participants would read through a brief of the study
(Appendix A) and informed consent (Appendix B). Consenting partic-
ipants would then complete an e-survey containing the set of ques-
tionnaires (Appendix D). Upon completing the study, participants
would read a final debrief (Appendix C).

Materials
Body-Related Parental Pressure

Body-Related Parental Pressure was operationalized as negative ver-
bal comments about the adolescent’s body weight or shape. This was
measured with the 18-item Body-Related Parental Pressure Scale
(BPPS), which was an original scale developed for the purpose of this
study due to a lack of existing scales that met the study’s criteria. The
scale was comprised of three subscales, namely parental teasing, pa-
rental encouragement, and parental criticism. Participants responded
on a 5-point Likert scale, ranging from 1 (Never) to 5 (Every time).
The Cronbach alpha of the scale (¢ = .87) indicated a high internal

consistency in the present sample. A composite score for each partic-
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ipant was derived by summing the mean scores of each subscale, with
a higher composite score indicating greater body-related parental
pressure.

Parental Teasing. The Parental Teasing subscale was used to
measure the frequency of negative jokes about the adolescent’s diet,
weight, or body shape. This subscale consists of 6 items adapted from
the Weight-Related Teasing subscale (Thompson et al., 1995). Similar
to a previous study (Potzsch et al.., 2018), the word “people” was re-
placed with “parents” in all items of the Weight-Related Teasing Sub-
scale to specifically measure perceived parental pressure via teasing.
The items have also been altered to evaluate parental teasing on body
-image-related concerns in general, and not just among adolescents
who are considered heavy or overweight. One such modification was
changing “People made fun of you because you were heavy” to “My
parent(s) make fun of me because of my body shape or weight.”

Parental Encouragement. The Parental Encouragement
subscale was used to measure how often the adolescent receives neg-
ative messages about one’s body shape or weight from one’s parents
which are intended to be encouraging (Helfert & Warschburger,
2011). Due to a lack of access to relevant scales in existing literature,
this subscale was self-constructed. An example item is “My parent(s)
praise me when I eat more/less.”

Parental Criticism. The Parental Criticism subscale was used
to measure how often an adolescent receives negative verbal messag-
es about one’s body shape or weight delivered by one’s parents in a
harmful way (Rodgers & Chabrol, 2009). Six items measuring the
frequency of negative parental messages about eating and weight
were adapted from the Parental Eating and Weight Messages Survey
(Rivero, 2021). An example item is “My parent(s) reprimand me for

being too skinny/fat.”
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Overt Control. The Overt Control Scale (OCS) was adapted
from the Child Feeding Questionnaire (CFQ) (Birch et al., 2001) to
measure adolescent-reported, instead of parent-reported, imposed
restrictions and monitoring on food intake by parents. The OCS of
the present study borrowed 11 items from two subscales of CFQ:
Parental Restriction and Parental Monitoring. Prior research which
adapted CFQ to assess adolescents’ reports achieved a high internal
consistency, a = .82 (Farrow, 2012). The OCS in the present sample
achieved high internal reliability (& = .90). A composite overt control
score for each participant was derived by summing the mean scores
of the subscales, with a larger score indicating greater overt control.

Parental Restriction assessed the extent to which adoles-
cents perceive their parents limiting their access to food. It was com-
prised of 8 items which participants rated on a 5-point Likert scale,
ranging from 1 (Strongly disagree) to 5 (Strongly agree). An example
item is “My parent(s) intentionally keep some foods out of my reach.”
The internal consistency of the subscale was high in the sample (o
=.88).

Parental Monitoring assessed the extent to which adoles-
cents perceive their parents overseeing their eating. It was comprised
of 8 items that participants rated on a 5-point frequency scale, rang-
ing from 1 (Never) to 5 (Every time). An example item is, “‘How often
does your parent(s) keep track of the high-fat foods that you eat?”

The internal consistency of the subscale was satisfactory (a = .75).
Body Dissatisfaction

Body Dissatisfaction was measured with a modified version of the 23
-item Body Esteem Scale for Adolescents and Adults (BESAA), which
involved positive and negative judgements of one’s body weight and
appearance. Prior research found that Cronbach’s alphas of all three

subscales were 0.90 and above (Cragun et al, 2013). However, 5
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items on external attributions were excluded as they were irrelevant
to the study. The original BESAA was a 5-point Likert scale, ranging
from O (Never) to 4 (Always). To standardize the values across all the
scales, the BESAA scale was modified such that the lowest score is 1
(Never) and the highest score is 5 (Always). Negatively worded items
were reverse coded, with a higher score indicating a more negative
body evaluation. The internal consistency of the subscale was high in
the sample (o = .94).

The BE-Weight subscale evaluated one’s thoughts about one’s
own weight. An example item of the 6-item subscale is “I am satisfied
with my weight.” The internal consistency of the subscale was high («
=.91).

The BE-Appearance subscale measured feelings about one’s gen-
eral appearance. An example item of the 12-item subscale is “I wish I
looked better.” The internal consistency of the subscale was high (a
=.93).

Data Analysis

All statistical analyses were performed on SPSS 27.0, except Con-
firmatory Factor Analysis (CFA), which was performed on JASP 14.0.
In the preliminary analyses, CFA was conducted to examine the fac-
torial validity of the Body-Related Parental Pressure original scale
(BPPS). Goodness-of-fit was evaluated using the 2 test of model fit,
the comparative fit index (CFI), and the root mean square error of
approximation (RMSEA). Following Hu and Bentler (1999), CFI
greater than 0.90 indicated a good fit to the data, and a cut-off value
close to .06 for RMSEA is deemed to be a relatively good fit.

Tests for internal consistency reliability were run on SPSS to
determine the reliability of the scales used in this study. The
Cronbach’s alphas obtained were used to determine internal con-

sistency reliability (poor: a < .50, acceptable: a > .70, excellent: a
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> .90). The two independent variables in this study, Body-Related
Parental Pressure and Overt Control, are continuous and unnested
within each other. Hence, a series of hierarchical multiple regression
tests were conducted to determine the unique contribution of body-
related parental pressure and overt control to body dissatisfaction
among female and male adolescents. The first hierarchical multiple
regression analysis was performed by including Overt Control in the
first block and Body-Related Parental Pressure in the second. This
tested if Body-Related Parental Pressure could predict Body Dissatis-
faction after controlling for Overt Control, thus answering the first
hypothesis. The second hierarchical multiple regression analysis was
performed by including Body-Related Parental Pressure in the first
block and Overt Control in the second. This would test if Overt Con-
trol could predict Body Dissatisfaction after accounting for Body-
Related Parental Pressure, thus answering the second hypothesis.
Additionally, a series of independent samples t-tests were per-
formed to determine if there were significant gender and age group
(i.e., secondary versus post-secondary) differences in body dissatis-
faction, body-related parental pressure, and overt control. Bonferro-
ni corrections were not performed due to the limitations of the anal-
ysis software used. However, this would have little impact on the
outcome of the study as the t-tests are additional analyses that do not
directly answer the research question. If differences were to be
found, follow-up analyses would include performing the hierarchical
multiple regression and correlational analyses separately for male

and female responses using SPSS.
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Results
Preliminary Analyses

The Confirmatory Factorial Analysis (CFA) revealed that the BPPS
model was significant, but it did not fit the data well (CFI = 0.775;
RMSEA = 0.144). In other words, the model was not consistent with
the data. After identifying and removing 4 misfit items, the adjusted
model was found to be a good fit (Appendix F). Hence, all subsequent
analyses were run without the misfit items. The internal consistency
for the overall BPPS scale (¢ = 0.87), Encouragement subscale (o =
0.90), Criticism subscale (¢ = 0.90), and Teasing subscale (¢ = 0.87)
remained high without the misfit items. Descriptive statistics of

study variables are presented in Table 2.

Table 2: Mean and standard deviation for parental pressure, overt control,

body dissatisfaction

Variable Minimum Maximum Minimum Maximum Mean (SD)
Possible Possible Obtained Obtained

Body-related 3 15 3.00 13.87 5.86 (2.27)
parental

Overt control 2 10 2.00 10.00 4.02 (1.75)
Body 2 10 2.00 9.83 5.85(1.73)

Main Analyses

The first hierarchical multiple regression was conducted with Overt
Control entered at Stage 1 and Parental Pressure entered at Stage 2
(Table 2). The results showed that adding Parental Pressure at Stage 2
explained an additional 1.7% of the variance. However, this change

was not significant, F (1, 152) = 2.76, p > .05. This showed that Paren-
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Table 3: Hierarchical Regression Model examining the relationship be-
tween Parental Pressure and Body Dissatisfaction after Overt Control was

controlled for

Variable B+ P+ B (SEB+) t R? AR?

Model 1 .06 .06
Overt 25 25 .08 3.18*

Control

Model 2 .08 .02
Overt .35 .35 .10 3.54%x*

Control

Parental -12 -.16 .08 -1.61

Pressure

Note. B+ unstandardized coefficient; f+ = standardized coefficient; SEB+ = stand-
ard error; AR2 = R Square Change. ***p <.001.%p < .05.

tal Pressure did not significantly predict Body Dissatisfaction above
and beyond Overt Control.

The second hierarchical multiple regression was conducted with
Parental Pressure entered at Stage 1 and Overt Control at Stage 2
(Table 3). The results revealed that at Stage 1, BPP did not contribute
significantly to the regression model, F(1, 153) = 0.39, p > .05, and
accounted for 0.3% of the variation in BD. Introducing Overt Con-
trol at Stage 2 explained an additional 7.6% of the variance, and this
change in r2 was significant, F(1, 152) = 12.55, p < .05. This showed
that Overt Control significantly predicted Body Dissatisfaction above
and beyond Parental Pressure .

Independent samples t-tests revealed that there was no signifi-
cant age group difference between secondary and post-secondary
adolescents in any of the study variables. The only significant gender

difference was body dissatisfaction, where female adolescents scored
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Table 4: Hierarchical Regression Model examining the relationship be-
tween Overt Control and Body Dissatisfaction after Parental Pressure was

controlled for

Variable B+ P+ B (SEB+) t R? AR?

Model 1 .003 -.004

Overt .04 -.05 .06 .63

Control

Model 2 .08 .07

Overt -.13 -.16 .08 -1.66

Control

Parental .35 .35 .10 3.54%xx

Pressure

Note. B+ unstandardized coefficient; f+ = standardized coefficient; SEB+ = stand-
ard error; AR2 = R Square Change. ***p < .001.

higher in body dissatisfaction compared to males, t(148) = -4.24, p
< .001. Therefore, further analyses were stratified by gender, but not
by age group.

The first hierarchical multiple regression conducted with the
female sample had Parental Pressure entered at Stage 1 and Overt
Control at Stage 2. The results revealed that at Stage 1, BPP did not
contribute significantly to the regression model, F(1, 98) = 0.44, p
> .05, and accounted for 0.4% of the variation in body dissatisfaction.
Introducing Overt Control at Stage 2 explained an additional 4.8% of
the variance in female body dissatisfaction, and this change in r2 was
significant, F(2, 97) = 3.50, p < .05. Congruent with the overall anal-
yses, this demonstrated that Overt Control significantly predicted
Body Dissatisfaction above and beyond Parental Pressure.

The second hierarchical multiple regression conducted with the

female sample had Overt Control entered at Stage 1 and Parental



Canadian Undergraduate Journal of Cognitive Science 219
Pressure at Stage 2. The results revealed that at Stage 1, Overt Con-
trol contributed significantly to the regression model, F(1, 98) = 5.50,
p < .05, and accounted for 5.3% of the variation in female body dissat-
isfaction. Introducing Parental Pressure at Stage 2 explained an addi-
tional 1.4% of the variance in female body dissatisfaction. However,
this change in r2 was not significant, F(2, 97) = 1.48, p > .05. Congru-
ent with the overall analyses, this demonstrated that Overt Control
significantly predicted Body Dissatisfaction above and beyond Pa-
rental Pressure.

A two-stage hierarchical multiple regression was conducted to
determine if Parental Pressure can predict Body Dissatisfaction in
males when Overt Control was accounted for. Overt Control was
entered at Stage 1 and controlled at Stage 2 where Parental Pressure
was entered. The results (Appendix A) revealed that at Stage 1, Overt
Control did not contribute significantly to the regression model, F(1,
48) = 3.21, p > .01, but accounted for 6.3% of the variation in Body
Dissatisfaction. Introducing Parental Pressure explained an addition-
al 1.5% of the variation in Body Dissatisfaction and this change in r2
was not significant, F(1, 47) = 0.76, p > .01.

A second two-stage hierarchical multiple regression was con-
ducted to determine if Overt Control can predict Body Dissatisfac-
tion in males when Parental Pressure was accounted for. Parental
Pressure was entered at Stage 1 and controlled for at Stage 2 where
Overt Control was entered. At stage one, Parental Pressure did not
contribute significantly to the regression model, F(1, 48) = .06, p
>.01, and accounted for 0.1% of the variation in Body Dissatisfaction.
Introducing OC explained an additional 7.6% of the variation in
Body Dissatisfaction and this change in R2 was not significant, F(1,
47) = 3.89, p > .01. This demonstrated that neither Parental Pressure

nor Overt Control uniquely predicted Body Dissatisfaction for
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males.

The overall correlational analyses revealed that both subscales of
Overt Control were significant and positively correlated with Body
Dissatisfaction; only the Teasing subscale of Body-Related Parental
Pressure was significantly and positively correlated with Body Dis-
satisfaction (Appendix G). The same pattern of results was found in

female, but not male, samples (Appendix H).
Discussion

The aim of the present study was to examine whether body-related
parental pressure and overt control of food intake were both unique
and positive predictors of body dissatisfaction in Singaporean ado-
lescents. Contrary to the first hypothesis, the results of this study
revealed that body-related parental pressure did not significantly
predict body dissatisfaction in adolescents beyond overt control.
Correlational analysis showed that parental teasing was significantly
and positively linked with body dissatisfaction, which is in line with
previous research (e.g., Keery et al., 2005; Yoh, 2018). However, both
parental encouragement and criticism were not significantly linked
with body dissatisfaction, which is incongruent with the current lit-
erature (Biolcati, Mancini & Villano, 2019; Helfert & Warschburger,
2011; Lwin & Malik, 2012; Rodgers & Chabrol, 2009).

The lack of significant effect of parental encouragement and crit-
icism on body dissatisfaction is baffling. A plausible explanation
could be that the adolescents in the sample did not perceive parental
encouragement negatively. As some researchers suggest, parental
encouragement may not be a unidimensional construct: it can have a
negative and a positive valence (Yeatts, Martin & Farren, 2021). A
longitudinal study revealed that the perceived father’s encourage-
ment for physical activity is positively related to adolescents’ body

satisfaction a year later (Savage, M DiNallo & Downs, 2009). This
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indicates that it is possible for parental encouragement to be posi-
tively received by adolescents. Similarly, parental criticism may be
perceived positively by adolescents. Though speculative, the lack of
effect for parental criticism may be attributed to the difference be-
tween the scale used in previous research and the current study. Spe-
cifically, prior studies tended to measure parental criticism by explic-
itly asking participants whether their parents “criticized” their bodies
(e.g., Biolcati, Mancini & Villano, 2020; Kluck, 2010; Lwin & Malik,
2012). In contrast, the scale items used here provided examples relat-
ed to parental criticism, such as “My parent(s) rebuke me for eating
too much or too little food.” Accordingly, adolescents may view pa-
rental criticism positively or less negatively, as they might perceive
parental scolding as a form of parental concern for their health or
physical well-being. However, this would require future research to
verify whether parental criticism and encouragement can have both
positive and negative valence.

Regarding gender difference, this study found that adolescent
girls reported significantly higher body dissatisfaction than adoles-
cent boys, which is in accordance with existing Singaporean studies
(e.g, Lwin & Malik, 2012; Chng & Fassnacht, 2016). Correlational
analysis by gender revealed that parental teasing was significantly
linked with body dissatisfaction in adolescent girls, but not in adoles-
cent boys. This finding aligns with a recent study that found that pa-
rental teasing is significantly linked with adolescent females’ body
dissatisfaction, but not for males (Yoh, 2018). In other research, no
significant association between parental teasing and adolescent
males’ body dissatisfaction was found (Helfert & Warschburger,
2011). A probable explanation is that parental teasing tends to evoke
appearance anxiety in adolescent girls. A recent study has shown that

females with high social appearance anxiety reported the greatest
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degree of body dissatisfaction (Levinson & Rodebaugh, 2014). How-
ever, it could also be that the effect of parental teasing on adolescent
males’ body dissatisfaction was simply not detected because of a po-
tential gender bias in the scale. Research suggests that while girls sub-
scribe to the thin ideals, boys tend to value muscularity over thinness
(McCreary & Sasse, 2000; Jones, 2004). As muscular concerns were
not incorporated into the scale, adolescent boys’ body dissatisfaction
might not have been fully captured in the current study.

Consistent with the second hypothesis, the overall results of this
study demonstrated that overt control positively predicted body dis-
satisfaction, above and beyond parental pressure. This finding cor-
roborates previous studies (e.g., Fisher & Birch, 2000; Van Den Berg
et al., 2010), which suggest that parental overt control of food intake
may lead to body dissatisfaction. However, parental restriction and
monitoring of food intake were significantly linked with higher body
dissatisfaction in adolescent girls only. One possibility could be that
adolescent girls internalize both parental and societal appearance-
related expectations through parental overt control of food intake.
Research has shown that internalization of societal standards of at-
tractiveness can contribute to stronger body dissatisfaction (Carlson
Jones, 2004; Thompson & Stice, 2001). Another potential reason
could be the lack of statistical power to detect the effect of overt con-
trol on body dissatisfaction due to the small sample size for males.
Consequently, the predictive effect of overt control on adolescent

boys’ body dissatisfaction was not statistically significant (p >.05).
Implications of the Study

The contribution of this study to the existing literature is twofold.
First, this research extends knowledge by examining whether psy-
chological and behavioural parental control can positively and

uniquely predict body dissatisfaction in Singaporean adolescents.
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Second, the findings can provide researchers, educators, and parents
with a deeper insight into the specific parenting practices that might
lead to higher levels of body dissatisfaction. As studies have shown
that body dissatisfaction is the strongest predictor of eating disorders
in adolescents (Abbate-Daga et al.,, 2010; Stice et al.,, 2011), the pre-
sent research findings can thus help guide intervention efforts or

prevention programs on eating disorders.
Strengths and Limitations

Given the lack of research exploring the effects of overt control on
body dissatisfaction, the present study makes an important contribu-
tion to the current body of literature. Our findings confirm previous
research speculations by demonstrating that overt control can
uniquely predict greater body dissatisfaction in adolescents. Alt-
hough parental pressure was not found to be a significant predictor
of body dissatisfaction, these findings suggest that parental pressure
(i.e., encouragement and criticism) may have positive and negative
valence. However, the present study findings do have a few limita-
tions. For starters, the study employed a convenience sampling meth-
od; hence, the sample is not representative of the Singaporean popu-
lation as those of Chinese ethnicity are overrepresented in this study.
Consequently, the findings of the research may not be generalizable
to other racial groups. Therefore, future studies should replicate this
research with a nationally representative sample. Lastly, the lack of
significant effect of overt control on body dissatisfaction in adoles-
cent boys might be due to a potential gender bias in the body dissatis-
faction scale. As such, muscularity-related scales should be incorpo-

rated into future studies.
Conclusion

In summary, the findings of the present research suggest that paren-
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tal overt control and parental teasing of adolescents' food intake can
lead to greater body dissatisfaction in adolescents. Even though these
effects were only found in adolescent girls, it would be too premature
to conclude that parental overt control does not affect adolescent
boys. Instead, future research should replicate the current study us-
ing a larger male sample size and a more gender-appropriate scale for
body dissatisfaction. Given that body dissatisfaction is linked with
eating disorders, prevention programs for eating disorders should
therefore address parental teasing and overt control, such as educat-
ing parents on the deleterious outcomes of these behaviours on ado-

lescents.
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Abstract

An important challenge of human decision-making is determining via trial
and error which options maximize reward and minimize punishment. In
computer science, this problem is known as reinforcement learning (RL),
and particular RL paradigms, such as the advantage actor-critic (A2C), have
been the subject of extensive research (Niv, 2009). Current RL algorithms
are insufficient representations of the brain, despite the fact that this biolog-
ical analogy has historically advanced the field of computer science (Tassa et
al,, 2018). When mimicking dopamine pathways, RL often disregards one of
the most potent biological signals: pain. The absence of a reward signal, also
known as a negative signal, is frequently interpreted as being equivalent to
punishment (Schultz et al, 1997). However, the biological mechanisms that
interpret, transmit, and permit pain in the body contradict this assertion.
We argue that people avoid unfavourable situations more rapidly if they
learn through pain as opposed to through a lack of reward. Therefore, we
propose that adding pain into current RL models will not only allow algo-
rithms to converge more quickly, but also cause behaviour to become more
safe, sophisticated, and generalizable. This work examines the historical
connections between RL and neuroscience, synthesizes neuroscientific un-
derstandings of pain, and proposes refinements to current biologically in-

spired techniques for incorporating pain into RL algorithms.

Keywords: machine learning, reinforcement learning, neuroscience,

cognitive science, psychology.
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Introduction

The history of reinforcement learning (RL) is indelibly wound with
the mathematical foundations of neuroscience. Neuroscience has
much to offer computer science, given that the brain is one of the
most flexible, adaptive, efficient, and intelligent learning paradigms.
This long-standing relationship has yielded significant benefits, but
more multidisciplinary effort is required to reach the full potential of
applications to computer science as neuroscience advances.

Richard Sutton, who was trained in both psychology and com-
puter science, created the "Temporal Difference Learning’ (TD Learn-
ing) algorithm in the 1980s to explain the neuronal response to vio-
lated expectations. This marked the beginning of the intertwined
history of computer science and neuroscience. The discrepancy be-
tween the predicted and actual reward is the definition of prediction
error. TD Learning asserts that learning occurs through prediction
error. The strong similarity between dopamine firing rates and the
reward prediction error (RPE) signal was then described by Wolfram
Schultz and colleagues in 1997.

Schultz demonstrated that when monkeys get an unanticipated
reward, their brains respond with an influx of action potentials, often
known as a phasic firing pattern (Schutlz et al., 1997). Nonetheless,
the phasic pattern disappears when the incentive is anticipated.
These results demonstrated that TD error (the difference between
the predicted and actual firing rates) was stored in the spiking pat-
terns of dopaminergic neurons.

At the same time, developments in reinforcement learning initi-
ated the use of TD error to update the weights of neurons in artificial
neural networks. In this approach, reinforcement learning has creat-
ed unique optimization algorithms that mimic human-like learning.

Popular algorithms such as actor-critic reinforcement learning con-
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tinue to rely on TD error. Given the significance of programmatic
algorithms that replicate ancient biological brain algorithms, it is im-
perative that new RL paradigms continue to emerge. To date, the
brain is more generalizable than any known learning algorithm; we
have much to learn from studying it. Thus, we aim to improve the
performance of reinforcement learning algorithms by upgrading
models that learn from both pain and reward, with our implementa-
tion based on a detailed evaluation of the various neuroscience stud-
ies on pain pathways. We term the general idea of properly adding
pain to RL using biological justifications "Deinforcement Learning".
By comparing and contrasting Deinforcement Learning with stand-
ard RL methods, we intend to demonstrate the significance of learn-
ing from negative incentives in the building of more resilient and

effective RL models.
Roadmap

We begin with a review of dopaminergic learning and reinforcement
learning in the brain. We then pull concepts from psychology to dif-
ferentiate between various types of reinforcement and punishment,
as well as consider which ones are relevant to our ultimate theoreti-
cal implementation into RL. The pain route is then compared to the
previously outlined dopaminergic learning pathway. In conclusion,
we synthesize these ideas to present a high-level RL framework
based on the MaxPain algorithm while incorporating a biologically-

inspired pain signal, distinct from a negative reward signal.
Dopaminergic Learning

Dopamine is a neurotransmitter with a reputation for its reward and
pleasure qualities in popular culture. Recent studies indicate that do-
pamine is also implicated in pain, which may involve the remodeling

of the reward circuitry (Markovic et al., 2021). Approximately 90% of
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Figure 1. The mesolimbic pathway shows the dopaminergic neurons made in the
ventral tegmental area projecting to the nucleus accumbens. (Arias-Carrién et al.,
2014)

dopamine producing neurons are in two areas of the midbrain nuclei
called the substantia nigra pars compacta (SN¢) and the mesolimbic
ventral tegmental area (VTA) (Arias-Carridn et. al, 2014). These neu-
rons project to the nucleus accumbens (Naci), which is the reward-
related dopamine site. Blocking the dopamine pathway to NAc de-
prives the rewarding effects.

In the early 1950s, scientists discovered the significance of the
VTA region by observing the effects of electrical stimulation to cer-
tain regions of the brain in rats. When electrical stimulation in the
VTA was followed by a certain task such as lever pressing, rats re-
peatedly executed that action (Olds & Milner, 1954). The rats ended
up pressing on the lever 2000 times per hour when they learned that

this specific behaviour reliably leads to an electrical stimulation. In
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this case, the action of lever pulling is followed by the electrical stim-
ulation, thus the stimulus is the “reward”. Olds and Milner elaborate
on the concept of reward as follows: “In its reinforcing capacity, a
stimulus increases, decreases, or leaves unchanged the frequency of
preceding responses, and accordingly it is called a reward, a punish-
ment, or a neutral stimulus” (Olds & Milner, 1954, p. 419). Recent
experiments in humans undergoing deep brain stimulation (DBS) for
Parkinson’s show similar results. After participants learned that a
certain task was followed by electrical stimulation of the SNc, an area
with abundant dopaminergic neurons, they repeatedly performed
that task, soon even without the stimulus (Perelman School of Medi-
cine at the University of Pennsylvania, 2014).

Dopaminergic neurons (DA) can fire in two distinct patterns in
response to varying stimuli: phasic and tonic activity. Phasic activity
refers to a burst of action potentials firing in a short period of time,
with a rate of up to 20 Hz. In contrast, tonic activity indicates a
steady firing rate of around 5 Hz. Tonic activity recorded in monkeys
implies congruence between actual and expected reward, while pha-
sic signal indicates a component of surprise and mediates a predic-
tion error during learning (Schultz et. al, 1997). As a result, dopamin-
ergic reactions diminish as learning and estimation of rewards pro-
gress. Likewise, the phasic firing activity decreases following the de-
livery of the reward. DA might indicate the difference between the
anticipated reward and the actual reward. Though the complete neu-
rological effects of dopamine, such as tonic firing pattern effects,
have not yet been integrated into reinforcement learning models,
contemporary improvements to reinforcement learning are based on
the understanding of the phasic dopamine response (Beeler et. al.
2010). By comprehending the phasic and tonic expressions of dopa-

minergic neurons, we can inform the future direction of action selec-
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tion in models for temporal difference reinforcement learning.
Reinforcement Learning

Reinforcement Learning (RL) is a branch of machine learning in-
volved with choosing optimal policies, state value estimates, or both
to optimize an agent’s selection of the most rewarding action in a
given environment. RL has been used by companies such as Deep-
Mind to train humanoid and non-humanoid physical models to walk,
run, jump, and play games (Tassa et. al, 2018). It tends to perform
best in scenarios where there are complex states and decisions are
plentiful, not dissimilar to our own environment. The advantage ac-
tor-critic (A2C) RL model employs TD learning to adjust its reward
predictions through time, analogous to how humans learn through
classical and operant conditioning (Niv, 2009). We have chosen to
study A2C because it contains the most straightforward implementa-
tion of advantage. Before exploring the relevance of the "advantage"
variable and its linkages to reward prediction error (RPE) in the
brain, it is crucial to differentiate between the actor and critic com-
ponents.

The actor is (often) a neural network which learns policy r pa-
rameterized by J, that is a function of state s. In other words, a policy
determines which action should be taken in a given state and this
choice is influenced by the internal values of J (in this case the neural
network weights). Policies can be tuned to maximize reward (as is the
case with A2C), or achieve a goal parameterized as a function of that
reward. Actors in A2C are stochastic by nature, meaning they output
a probability distribution for taking an action in the action space
based on the current state (Geron, 2019). This has high level parallels
to how we as humans interact with our environment. We consider
the “state” of the world around us and then “act” to maximize some

reward tied to a goal. For example, when you decide to take action
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A" to walk your dog, one might think of this as applying your inter-
nal policy (7) to the state s, wherein your dog is barking at the door
wanting to go for a walk. You have, in this example, tuned your inter-
nal weights ¢ so that your policy outputs the action "A" of dog walk-
ing when given the state “s” of your dog barking. In many cases, the
actor is a deep neural network with input dimensions being equiva-
lent to the dimensionality of the state, and the output dimensionality
being equivalent to that of the action space. Actions selected by the
actor are taken in the environment, physical or simulated, and they
will receive a scalar reward for taking that action. The actor’s weights
are updated with the critic’s weights along the “advantage” variable,
which will be discussed in a later section.

The critic network in A2C is more abstract. Its purpose is to ap-
proximate the function V' (s). This function returns the overall value
of being in a state s, given a policy 7. It is equivalent to the expected
return of starting in state “s” and following policy 7 thereafter (return
in terms of discounted rewards) (Mnih et al., 2016).

Building upon the dog walking example; assume two separate
states Sj.g and $,, .. I these states, your dog is barking, and you
have a leash or do not have a leash respectively. Say you do not have
it and decide to walk the dog anyways (following policy 7 where you
walk the dog if it is barking). It runs away from you and now you
have no dog, which is a terrible situation to be in. If you had the
leash, you would walk your dog without incident and your situation
is overall better. The “value” of the state s,y is greater than the
“value” of the state s, .., because after following policy 7 in both of

those states one led to ruin and the other was just fine.

oo
n(s) = EnfRt[st = sf = En{Xyr(st+k+1,Qt+k+1)[st = s/
k=0
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In most cases, the "perfect" V function shown above is incomput-
able. Such is the case when we do not have access to the rewards for
any given state, which we do not when we do not have a model of the
environment. V (s) is, however, commonly estimated by another deep
neural network: in our case the critic. The input of the critic is the
state, and the output is a scalar estimate of the value function. The
critic is important because the value function it estimates is used in
the calculation of the crucial “advantage” variable which is then used
to update the weights of both itself and the actor. The actor, as dis-
cussed before, is the driving force behind the model’s decision mak-
ing. A better performing actor means a better performing network.
The following sections explore the relevance of extending the
synergy between reinforcement learning and dopaminergic learning

beyond reward-based learning.
Dopaminergic Influences on Actor-Critic Systems

Temporal Difference learning is the framework upon which actor-
critic updates are based, and TD error calculations in RL are done
with the use of the advantage variable; the advantage can be broken

down to its constituent parts below:
A = r(sp ap)+ }/V (st+1) - V (SY)

Assuming the agent just took an action and has moved to a new
state: (s, Q,) is the reward given for taking that certain action in that
certain state. Reward is often given by the environment after an ac-
tion is taken and not model-intrinsic. The yV (s,,,) term represents the
estimated future discounted rewards starting at the new state the
agent has just entered. Finally, the V (s) term is the estimated value
function for the state the agent was just in before acting. Combining
the first two terms, r(s,a,) + yV (s,,,), we get the reward the agent re-

ceived for taking an action in its previous state plus the discounted
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predicted value of the agent’s current state. We call this the TD Tar-
get. Recall that the critic network is being trained to provide precise
estimates of V(s). To train the network with backpropagation, we
need some ground truth to understand how well the model predicted
the V function for this timestep.

The TD Target contains the ground truth in the form of r(s, a,). V
(s,) is subtracted from the TD target, and the difference between these
two is the TD Error. The term "error" refers to the discrepancy that
exists between the rewards that were actually gained and those that
were estimated to be obtained. Note that the yV (s,+ 1) term is partially
nullified by the tail end of the V (s) term, since this value function
contains discounted value predictions for future states as well
(Watabe-Uchida et al., 2017). The worse the prediction of V (s) by the
critic, the further from zero the advantage is, and vice versa. This is
why (A?) is the critic loss in an A2C network: squaring the advantage
allows us to treat negative and positive TD Error equivalently while
preserving the differentiability of the function and advantage is an
appropriate measure of how well the network is doing at approxi-
mating V (s,). The actor’s loss is also scaled by the advantage, but the
calculation of loss for a stochastic model is beyond the scope of this
paper.

Since TD learning lays the groundwork for calculating advantage
in actor-critic systems, it stands to reason that A2C weight updates
are linked to dopaminergic learning in the brain. In the case of RPE,
as more stimuli are experienced by the organism and dopaminergic
learning occurs (see Dopaminergic Learning section), the RPE ap-
proaches zero. This means the organism has learned how to correctly
predict the reward given its state (Schultz et al., 1997). Just as RPE
lowers while an organism learns to predict reward, the advantage

variable in an actor-critic system lowers as the critic learns to esti-
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mate V (s).

If no reward is present but reward is predicted, then dopamine
activity is heavily depressed which causes updates to the organism’s
“value estimation function”. However, an important distinction needs
to be drawn between the lack of a reward and a punishment. In RL,
negative rewards stemming from a state-action pair are seen as
“punishment” for a model. Initially, this seems accurate. Value up-
dates propagate through a network, telling the agent that this state is
not as valuable as it initially estimated. However, if we
consider on a high level the effect of pain, we see that there is a large
difference in how organisms react to pain versus negative reward. If
a child puts their hand on a hot plate, they are unlikely to do it again,
effective immediately. An A2C agent would perhaps place its hand on
the hot plate thousands of iterations under the guise of “exploration”.
The result: slow model convergence and/or unsafe actions, experi-
enced by almost all modern reinforcement learning algorithms
(Ghiassian et al., 2020). Learning for these models can be made more
efficient by recognizing these fundamental differences in learning

mechanisms.
Operant Conditioning

In psychology, operant conditioning explores how humans learn and
displays the cognitive and behavioural differences in learning from
positive stimuli, negative stimuli, and lack thereof (Grison & Gazza-
niga, 2019). While operant conditioning is criticized as an overly sim-
plistic view of human learning, it serves to differentiate between neg-
ative reward and pain. In operant conditioning, response cost punish-
ment describes the removal of a positive stimulus as opposed to aver-
sive punishment, or the addition of a negative stimulus.

Numerous operant conditioning experiments demonstrate the

differences between aversive punishment and positive reinforcement
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(Gershman, 2015; Kubanek et al., 2015; Steel, 2016). These findings
imply that there is a behavioural, and consequently, a neurological
difference in aversive punishment and reward, and also between re-
sponse cost punishment and aversive punishment. Consider a child
with an obsessive desire to climb trees. Their parents may warn them
about the dangers of falling and perhaps take away their video game
privileges as a consequence for climbing (response cost punishment).
However, it is likely that the stubborn child will continue climbing
until they fall and break their leg. The painful broken leg (an aversive
punishment) is a much faster and stronger conditioning response
than losing gaming privileges. In other scenarios, such as doing
homework and getting a problem wrong, aversive punishment is far
less effective than response cost, as it may deter the child from at-
tempting the homework in the first place. It is evident from these
psychological principles that both types of punishment are required
for efficient learning.

As our current concepts of pain in traditional reinforcement
learning are based solely on reward, we only observe the equivalent
response cost punishment and positive reinforcement without any
use of aversive punishment and negative reinforcement. Next sec-
tions explore the neuronal differences in these phenomena (reward

and pain) in greater depth.
Neurological Pain Pathways
Neurological Pain Pathways in the MaxPain Model

In this section, we examine the neurological evidence of dissociable
processes in the prediction of punishment in action systems. In light
of these findings, we examine a recent technique termed "MaxPain"
that uses an RL framework to strike an equilibrium between punish-

ment and reward prediction (See Discussion: Existing Literature and
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Figure 2. A grid showing different operant conditioning punishment/reward de-

lineations and what they mean, along with their RL “equivalent.”

MaxPain). Several studies corroborate the MaxPain algorithm’s cen-
tral tenet that positive and negative reinforcement have distinct but
complementary effects on learning and ultimately converge in the
brain’s striatum. Recent research indicates that it is capable of distin-
guishing between pain/punishment and penalty omission learning
rates when utilizing TD-learning models to represent behaviour dur-
ing an avoidance learning task (Elfwing et al, 2017). In addition,
there is mounting evidence that the decision-making processes of
animals incorporate separate reward and punishment systems, call-
ing into question the fundamental validity of this approach. These
results not only give a theoretical foundation for understanding pun-
ishment in the brain in both health and sickness, but they also under-
score the necessity for independent punishment prediction in RL.
While it is true that pain can activate regions of the brain involved in
our reward circuitry, additional variables impact pain perception and
should be researched to improve the current simplified model
(Schmidt et al., 2002).
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Basic Circuitry of Pain

The mesolimbic reward circuitry, including VTA-to-NAc dopamin-
ergic projections, modulates pain. Dopaminergic neurons produced
in the ventral tegmental region project to the nucleus accumbens
through the mesolimbic route (Russo et al, 2013). In rodents, pro-
longed pain triggers dopamine release in the NAc and painful events
can rapidly excite the dopaminergic neurons in the VTA (Schmidt et
al., 2002). Furthermore, the spinal cord delivers afferent nociceptive
pain signals to the brain. The thalamus communicates with the main
somatosensory cortex (S1, S2), the anterior cingulate cortex (ACC),
and the insula. Similarly, the basal ganglia gets signals from the
amygdala (Bushnell et al., 2013). A visual representation of the dis-
tinct differences in the reward and pain pathways are summarized in
Figure 3 below.

To examine the neurological basis of RL in the human brain, re-
searchers rely on functional magnetic resonance imaging (fMRI),
which permits the non-invasive monitoring of neural activity corre-
lations. Temporal difference models reflect neurophysiological data
like fMRI scans, and Pavlovian reinforcement learning works in a
way that is comparable to reinforcement learning (Niv, 2009). Inves-
tigations of the neural circuit employing fMRI on avoidance revealed
that action learning may be properly represented using basic tem-
poral difference action-learning models (Sutton, 1988), with consist-
ently identifiable prediction errors in dorsal striatal areas (Kim,
2006). Experiment results revealed an increase in activity in the me-
dial orbitofrontal cortex, a region previously associated with the
storing of the value of sensory pleasures, after individuals averted a
negative outcome and were rewarded. Furthermore, as demonstrated
in rats, dopamine treatments increase reward responses but not

avoidance responses, indicating that the two ostensibly contradictory
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actions have distinct neural substrates (Fernando et al., 2013). Also,
shock elicited much larger responses in the striatum than no-shock,
indicating that learning may happen through punishment (Eldar et
al,, 2016). Overall, prediction errors that converge to the striatum are
‘reward-signed" in those who learn mostly from omission events and
"punishment-signed" (aversive) in those who learn largely from pun-
ishment. This provides conclusive evidence that many action-value
signals, including those for reward and punishment, converge on the
striatum to govern behaviour.

Convergence of avoidance and reward acquisition values has
been explored utilizing separate mixed reward-punishment schemes,
and the outcome was independent. Studies from O’Doherty and col-
leagues (2004) revealed that fMRI correlates of prediction error sig-
nals may be distinguished in the dorsal and ventral striatum based on
whether active decision behaviour is required to obtain a reward re-
lated to Pavlovian conditioning. During the active choice task, the
reward prediction error was observed in both the ventral and dorso-
lateral striatum, but during the passive prediction-learning task, it
was only observed in the ventral striatum. These results supported a
previously proposed Actor/Critic architecture in the basal ganglia.
The ventral striatum, according to this hypothesis, comprises a pre-
diction-learning Critic, whereas the dorsal striatum has a policy-
learning Actor (Joel et al., 2002). These results support the MaxPain
model.

Thus, the interpretation of pain in MaxPain is reliable, but due to
the subjective nature of pain and the complexity of the field, we be-
lieve there are many alternative ways to accurately model high-level
concepts of pain in RL. Individual differences in pain processing add
another layer of complexity to the pain pathway, which extends be-

yond the convergence of reward and punishment signals on the stria-
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Figure 3. A contrast of the neural pathways controlling painful and rewarding
sensations respectively. Acute pain begins at nociceptors—specific receptors of
somatic neurons that detect noxious stimuli apart from other stimuli. One of the
first modules of the pain pathway in the brain is the thalamus; typical reward
circuitry does not involve the thalamus. (Left) The spinal cord sends afferent noci-
ceptive pain information to the brain. The pathway covers several brain regions;
the primary somatosensory cortex (S1, S2), anterior cingulate cortex (ACC), and
insula receives information from the thalamus. Similarly, the basal ganglia re-
ceives information from the amygdala (Bushnell et al., 2013). (Right) The meso-
limbic pathway shows dopaminergic neurons made in the ventral tegmental area

projecting to the nucleus accumbens (Russo et al., 2013).

tum. In spite of many behavioural parallels between not receiving a
reward and being given a punishment, these two events appear to be
unique in terms of prediction learning, and the substrate for unpleas-
ant prediction learning is still unknown. It is important to note, how-
ever, that these studies do not equate the mechanism of learning from
painful stimuli to that of reward stimuli. Although reward is clearly
intertwined in pain/pleasure, physiological response, learning rate,
observed behaviour, and our own experience draws a clear distinc-
tion between the two. Furthermore, signaling or prediction mistakes
for negative outcomes do not always appear to involve dopaminergic
neurons (Mirenowicz & Schultz, 1996), despite the fact that they in-

dicate negative prediction errors due to the absence of appetitive
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events (Bayer et al., 2007).

Using a unique brain mapping method, Kohoutova and col-
leagues located regions of the brain that show either high or low in-
ter-individual variability in relation to pain. In addition to the anteri-
or midcingulate cortex, the dorsolateral prefrontal cortex, and the
cerebellum, twenty-one other brain areas have been shown to have a
role in pain prediction as well. And contrary to common assumption,
electropharmacogram analysis of brain recordings reveals that pun-
ishment prediction errors have been recorded in several brain areas,
including the insula cortex, co-occurring with and with opposite sign
to reward (Pessiglione et. a., 2006). Given the pre-existing psycholog-
ical data described in the Operant Conditioning section of this re-
search, the variety of the areas engaged in pain processing indicates
even greater variability than the negation of reward.

Moreover, pain is highly subjective, making direct measurement
difficult; instead, we must rely on self-report and, to some extent,
behaviour to make sense of it. Variations in cerebral activity caused
by the same painful stimuli corroborate self-reported pain differ-
ences and are predicted by brain morphology (Coghill, 2003). High
levels of individual variability were found in the ventromedial pre-
frontal cortex, whereas lower amounts were seen in the posterior
midcingulate cortex, implying that these regions’ contributions to
pain vary greatly among people. Analyzing the brain regions collec-
tively as opposed to independently (i.e. multivariate analysis) yielded
the same results. Individual variance was highest in the ventrolateral,
vermis, and ventromedial prefrontal cortex. Individually, the posteri-
or midcingulate cortex, the supplementary motor area, and the sen-
sorimotor cortex were the most stable regions. Intriguingly, these
findings were confirmed by tests performed with a completely new

set of data. Collectively, these findings show that the relationship
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between brain regions and pain perception at the level of the individ-
ual is more complex than it is often portrayed at the level of the
group. As a result, the fact that pain is experienced differently by dif-
ferent people demonstrates how subjective data may be used to refine
algorithms.

Both animals and humans are able to solve in online, generalized,
and sample efficient manners despite the fact that real-time neural
computation is severely limited; this suggests neural mechanisms can
be a source for new theoretical approaches, such as modifications to
improve computational efficiency and mechanisms for interacting
with constant and noisy sensory experience.

We have discussed the basics of dopaminergic learning and how
it relates to the A2C model from RL literature through the concept of
TD-learning. We then reviewed the difference between response cost
punishment and aversive punishment in the operant conditioning
subsection. The former is equivalent to negative reward but is impre-
cisely considered punishment in the current RL paradigm. Aversive
punishment more accurately portrays pain in human learning. In the
Neurological Pain Pathways section, we concluded our justification
of separable and unique pain and reward pathways. This is the basis
for the justification of our proposed architectures. Now, we move to
the discussion where we analyze existing literature and how we can
improve upon the paradigm through the incorporation of the empiri-

cal and neuronal differences of pain and reward.
Discussion

Typical RL algorithms do not incorporate learning from pain. Fur-
thermore, learning from an action resulting in negative reward, or
response cost, mirrors neither observed human behaviour in aversive
punishment nor the neural circuitry involved in processing pain.

This is in contrast to the rough parallels of reward based operant
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conditioning to reinforcement learning via reward prediction error.
Therefore, we review several approaches to incorporate pain with
reinforcement learning, finally proposing alternatives and expan-
sions to form a landscape of pain in RL which we call Deinforcement
Learning.

Before beginning, it should be noted that in environments where
reward is uniformly distributed across all possible outcomes, such as
binary right/wrong object classification, there is no purpose to learn-
ing a function to approximate pain. The purpose of pain is to learn to
avoid certain states much more vehemently and faster than learning
from a lack of a reward in the same situation. If misclassifications are
always weighted uniformly, there is no distinction between pain and

a lack of a reward.
Existing Literature and MaxPain

Existing research in the complement to our argument—
understanding pain through RL—is thoroughly explored in a paper
titled “Pain: A Precision Signal for Reinforcement Learning and Con-
trol”, which outlines the “underlying computational architecture of
the pain system” (Seymour, 2019). They formalize the concept of pain
in a high-level computational model that has a basis in RL. However,
it does not apply these parallels as a pain signal in RL. More con-
cretely, another paper titled “Parallel Reward and Punishment Con-
trol in Humans and Robots: Safe Reinforcement Learning Using the
MaxPain Algorithm” focuses on using pain signals in RL to avoid
physical damage.

The relative “safety” of this algorithm makes it useful for robotics
applications, where physical damage can occur in undesirable states
and therefore the agent (robot) must learn to avoid what are per-
ceived as “painful” states (Elfwing & Seymour, 2017). Yet another

paper expands on the work of Elfwing and Seymour by implement-
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ing a similar architecture with multiple Q values and learning entire-
ly separate value estimations for the two (Lin, 2019). They dubbed
this “split-Q learning”. Both of these papers show that considering
pain in some form as a control signal results in faster convergence
and more complex behaviour. We argue that the MaxPain implemen-
tation can be improved upon to increase its efficacy as well as its ac-
curacy in modeling pain.

The MaxPain paper implements pain in RL by splitting the re-
ward scalar based on its sign. Any positive rewards remain positive.
Negative rewards are inverted to be positive and are now
considered “pain”. These separate signals are then evaluated by dis-
tinct networks. To estimate these values with respect to the state of
the agent, the MaxPain architecture considers two distinct state-
action-pair-value estimation functions (Q-functions). One is for esti-
mating the accumulated discounted reward for taking action “a” in
state “s” and thereafter following policy 7. The other estimates pain in
the same way. These two resulting estimations are linearly combined

into one objective through the equation shown below:

Qw(s! a) = er(s! a) - (1 - W)QP(S, a)

Here, w is the weighting factor between 0 and 1. From this point
onward, the goal of the MaxPain algorithm is to maximize that com-
bination of reward minus pain through following a policy. It is im-
plicit that finding this policy allows the agent to “solve” the problem
in the environment (i.e., balancing the pole in cartpole, finding the
exit to a maze, etc.). The MaxPain model saw “significantly safer ex-
ploration, as well as effective learning and near-optimal long-term
performance” (Elfwing & Seymour, 2017). The average learning
curves presented for a “dangerous grid world search” task indicate
faster convergence to a solution as well. Next, based on a neuroscien-

tific foundation, we compare these approaches to existing RL meth-
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Figure 4. Possible Implementations of Pain in A2C (a) Implementation option
where the environment outputs a single feedback signal (as in traditional A2C)
and this signal is split into pain and reward of various magnitudes. (b) Example
where pain and reward are separate signals from the environment established

through rewards-shaping.

odologies.
Representing Pain

There appears to be two possible ways to represent pain in the con-
text of reinforcement learning. One must distinguish between painful
and non-painful states. This can either be the job of the environment,
or the agent. In the former proposition, painful states may be a com-
pletely separate input, labeled as painful or not by the environment
itself. For example, in the context of the game chess, the environment
could send painful signals when pieces are lost, and reward when
pieces are captured. This type of approach is seen in the current prac-
tice of reward shaping but is lacking a concept of pain (though the
reward could have a negative sign). If we take this approach, then
there is now a scalar describing the painfulness of a state and we need
to augment the state to contain this new knowledge. This will allow
us to describe to another network the painfulness of a state. One pos-
sibility is to use the positional encoding technique used by Vaswani
et al. (2017) in “Attention is All You Need”.

But this is not how humans perceive pain as the universe does

not define pain for us. Fundamentally, it is the latter approach, the
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one that passes a raw state to the agent and allows the agent to inter-
pret what is reward and what is pain, that is biologically inspired. We
can see this by studying the body’s path of pain: nociception.
Nociception defines a distinction between cells that can receive
painful input and those that do not. When you touch something, a
signal is propagated along mechanoreceptors. If you touch something
hard enough, pointy enough, or hot enough, the signal propagates
along pain specific fibers (e.g., A-delta fibers, C-fibers) to signal an
acute pain to the brain (Yam et al.,, 2018). As previously discussed,
this pathway is disparate from that of an unpainful signal. The mech-
anisms that perceive pain and other stimuli fundamentally represent
the state differently before interpretation in the brain. How would
this look in reinforcement learning? This may take the form of a
clustering algorithm whose clusters represent painful vs rewarding
stimuli and various interpolations of those classes. After clustering
into discrete signals, the pain and reward signals could be processed
and interpreted with different learning mechanisms as they are in the
brain. It may take the form of a classification neural network (or sup-
port vector machines among other algorithms), whose logit probabil-
ities can be interpreted as dimensions along various sensory stimuli
such as touch, pain, temperature etc. This leaves the state open to
interpretation by multiple perception pathways; you can not only feel
pain when pricked by a needle, you can also feel pressure. There are
many other possibilities for representing this distinction between
pain and other sensory information at the initial reception at the sen-

sory level.
Interpreting and Learning from Pain

Next, how does one interpret pain within the RL equivalent of a
brain? In our working example, the A2C method (see Reinforcement

Learning section) uses the critic to evaluate how valued a state is with



Canadian Undergraduate Journal of Cognitive Science 251
respect only to estimated future reward. Operant conditioning shows
that reward and pain pathways trigger learning at different rates and
to varying effect. Therefore, it is necessary to have different repre-
sentations of V (s) with respect to pain, and with respect to reward.
This allows learning to be modulated according to the painfulness of
experiences. One way to achieve this is to first modify the state with
information from the pain classification processing mentioned
above. Then this information is passed to the critic, whose weights
should learn a representation of V (s) which estimates and takes into
account both the estimation of future pain and reward, then outputs
two values of V (s) with respect to both pain and reward (Figure 5).
This is similar to the framework by Elfwing and Seymour (2017), but

instead learns the weighting factor w of combining Q(s, Q) outputs. It
also relies on an overparameterized critic network which converges
to two nodes at some intermediate layer rather than using two sepa-
rate critics.

Alternatively, the modified state information is passed to the
critic, which must learn to accurately represent the state as estima-
tions of V(s),4, and V (s),... Output these two different values, and
pass these values to the actor. The actor can then learn weights to
combine pain and reward into a customary single V (s) rather than
the two-layer output in Figure 5. This shifts the burden of estimating
Viuin(s) and V,,...q(s) to the actor, as in Figure 6. Similarly, this learns
the weighting factor w to combine the different estimated values of
state rather than linearly combining them as originally tested by
Elfwing and Seymour (2017).

Finally, another possible implementation is to train separate crit-
ic algorithms after binary classification of pain or nonpainful stimuli.
This can be likened to ensemble approaches. This approach is the

least biologically faithful since states are not best represented by such
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Figure 5. Example Critic with V,;;,(s) and V o.d(s) Outputs. Fig. 5 extends Fig. 4
with an additional example implementation of pain in A2C, wherein the output
layer of the critic has two nodes in order to explicitly represent the approximated V
(s) with respect to both pain and reward. The network’s overall size could have any
number of layers and nodes, but in an explicit representation of V,,;,(s), the output
has at least two nodes in order to represent these values

a binary classification. The complicated dopaminergic ties to pain
were explored by the Neurological Pain Pathways section, who
demonstrated that discretizing the pain and reward pathways by us-
ing entirely different critics is also not entirely biologically accurate.
However, despite its shortcomings, any incorporation of a pain esti-
mate is likely more accurate than none. Moreover, this approach,
taken by Elfwing and Seymour (2017), as the basis of the MaxPain
architecture, showed faster convergence and safer behaviour.

As shown, reward and motivation to escape is caused by painful
stimuli. To mirror this type of aversion, one could use concepts like
memory buffers, and algorithms may learn to associate the end of
painful states with higher values, increasing the expected reward

term as in TD learning.
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Figure 6. Example Actor with V ()i, and V (S),ewara it Third Layer. Fig. 6 depicts
an example wherein the critic only outputs one value as in the typical A2C para-
digm (contrary to Fig. 5). Thus, the burden of representing V (s),,, is shifted onto
the actor, which at some point should have a two-node layer as shown. There is no
exact recommendation for in which layer this compression should occur, but in this

example, it is depicted in the third layer.
Valuing and Weighting Pain

In order to delve deeper into the MaxPain implementation of pain
valuation in reinforcement learning. we will continue to refer to Sey-
mour’s (2019) investigation of pain. Seymour states that “it is clear
that pain is constructed not only from nociceptive input, but also
from a set of cortical and subcortical components that compute the
effective magnitude of pain as a control signal” (Seymour, 2019, p.
1036). As discussed, MaxPain takes the latter into consideration
through a fixed w (weighting) variable. The closer to 1 this w variable
is, the less that pain is considered in the final Q, result and vice versa.
There is no change to how pain is weighted in the agent’s “mental
model” as it learns or based on state context. The hyperparameter w
is set before training.

The figures in the MaxPain paper illustrate how modifying this
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weighting factor affects how the agent performs in the “dangerous
grid world” task. In this task, crashing into the wall is considered
“painful” and the frequency of that occurrence should be reduced.
The authors tested various levels of pain aversion by setting w to 0.1,
0.5, and 0.9. The figures in the paper present the trade-off; models
that are heavily pain-aversive will be more “careful”, usually at the
cost of solution efficiency (Elfwing & Seymour, 2017). In this case,
fixing w and explicitly modeling different values made the results of
the MaxPain algorithm more interpretable and clearer.

Alternatively, one way to modify the weighting factor is dis-
cussed in “Modular Deep Reinforcement Learning from Reward and
Punishment for Robot Navigation” (Wang et al., 2021). The authors
of the paper proposed a Boltzmann distribution-based selection
mechanism for finding weighting factors that are applied to separate
reward and pain optimization policies to find a joint policy. The
weighting factor is dependent on a state-evaluation function V (s) in
an interesting way. There is a temperature variable 7, that determines
how evenly mixed the w* and w- variables are. The way temperature
and V (s) affect the weighting factors are shown below:
if 7, = 0o, w*(s) = w=(s) = 0.5if r, » 0, w*(s) = 1 and w(s) = Owhen V +(s)

>V -(s) w(s) = 0and w(s) = I when V+(s) < V(s

The latter, where 7,, is zero, is called hard-max weighting. After
experimentation, the authors concluded that “Deep MaxPain with
hard-max weighting achieved the best overall performance” com-
pared to fixed weights and standard DQN because it “utilized real-
time assessments for weighting two sub-policies” (Wang et al., 2021,
p. 125). However, pain and reward in the real world are not binaries
to choose from when considering a policy to follow. There is always
an influence of both future reward and pain when choosing actions

in a state. As environments grow more complex, so should the con-
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siderations that affect the weighting of the policy.

We propose that a separate predictor network be used to provide
the weighting variable at each timestep. Making the weighting varia-
ble dynamic and learned across timesteps may have several ad-
vantages. Firstly, it more accurately models the aforementioned “set
of cortical and subcortical components that compute the effective
magnitude of pain” (Seymour, 2019, p. 1036), since neurons are not
fixed hyperparameters but instead dynamic and context-dependent
mechanisms of learning. Moreover, it allows for more complex, high-
er-level behaviour where an agent has to decide if the “pain is worth
the gain”, depending on the context of the state.

As for the inputs of the weighting variable network, it could con-
sider either the current state, a state memory buffer, time spent in the
current training episode, time spent until the episode terminates, the
level of “damage” the agent has already sustained, or any further pos-
sibilities and combinations of relevant information. The output
would be a normalized scalar between O and 1 used to linearly com-
bine Q, and Q, in the case of MaxPain, or two separate sub-policies in
the case of Deep MaxPain. Regardless of this specific proposed im-
plementation, allowing the weighting variable to be dynamic and
context-dependent will lead to more balanced and adaptable behav-
iour in a MaxPain agent. Designing or Discovering Painful Stimuli.

Finally, in returning to general mechanisms of Deinforcement
Learning, there remains the question of what is painful. Secondarily,
how do we construct a state provided by the environment that might
allow us to learn what is painful? This may be the most difficult com-
ponent of Deinforcement Learning. For humans, this is initially par-
tially encoded by genetics. We learn what is painful through evolu-
tionary genetic iterations. Each iteration we approximate reward

such that fitness increases. Similarly, pain can approximate behav-
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iours to avoid such that fitness increases. Along with genetics, what is
painful changes throughout a lifetime; it is learned through experi-
ences as well as internally modulated through complex top-down
modulatory pathways, beyond the scope of the neuroscience de-
scribed in this paper.

The most literal machine learning analogue to the genetically
encoded aspect of pain might be an actor which can reproduce or
spawn new networks with its learned weights. Here we suggest ap-
plying genetic algorithms to the context of Deinforcement Learning
agents, providing a method to allow networks to learn what should
be considered painful. In such an implementation, the probability of
reproduction in this context correlates with the problem that the net-
work is trying to solve. The network also needs a reward heuristic,
such as time alive or reproductive success. It learns as described
above, making estimations of how painful or rewarding the environ-
ment might be. If the pain estimate is not correct, this negatively af-
fects the network’s predictions, making it less likely to reproduce. If
an inaccurate pain estimation led to a very low performing model,
the agent may be deactivated, or effectively killed. Thus, a successful,
fit network should learn to define pain in a similar manner to hu-
mans—that which should be avoided for the sake of reproducing the
network. These reproductive odds defined within the genetic algo-
rithm provide a separate signal to learn from besides the immediate-
term reward signal and potential pain signal.

Concretely, if the network should learn to make a stick figure
walk like in OpenAI's MuJoCo framework, then reproductive success
may be set as a function of time spent walking versus energy expend-
ed. Networks that avoid fatal falls or expend less energy in their
movement should have a higher probability of reproducing or repli-

cating their weights in new networks. Here, an initial sensory layer as
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discussed in the “Representing Pain” section would group together
similar states and outcomes based on their features, modulate the
given state of the environment to hold this painful information, then
finally pass it to a critic. The critic estimates the value of the state
with respect to potential pain and reward. Alternatively, two critics
could be used similar to the MaxPain architecture. Then, if the agent
were near a box that it might trip over, the current sensed pain may
be 0, but the critic may weigh future states as very painful and V,,;,(s)
very low. Its estimation V,,;,(s) would be tuned as it attempts to walk,
and further tuned as it replicates its weights in other agents based on
its walking success.

One may not find a need for literal analogues such as genetic
algorithms. In the above case, one implicitly defines pain merely by
defining what success is. In the MuJoCo example we did this—pain
was implicitly that which must be avoided to achieve success of walk-
ing, for example, tripping. However, a model can receive a single sig-
nal (like reward in the current paradigm) and learn pain aversive be-
haviour. Crucially this must, at some point in processing, interpret
the signal with respect to pain and pleasure, which together update
the model’s policy in dissimilar ways, just as the proposed algorithms
in Figure 4 describe, or the algorithms discussed in “Existing Litera-
ture and MaxPain”.

Those familiar with RL may now be wondering: initial clustering
algorithms, modified critics, and learned hyperparameters—are these
really a significant change from standard RL practices? The key dif-
ference is not only in these simple, fundamental algorithmic changes
but in coupling them with environmental changes conducive to pain
aversive learning. As initially described, without an environment
where correctness or incorrectness is non-uniformly distributed,

pain is not a useful concept. This means that to test the incorporation
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of pain processing with something as simple as an MNIST classifier,
one would need to quantify how close each classification was to the
correct classification and build that into the reward or ground truth.
Ultimately, there are many possible scenarios where pain would in-
crease convergence or safety. Anywhere where particular states must
be avoided more than a typical “failure" is a good application of Dein-

forcement Learning.
Conclusion

We have seen that reinforcement learning and neuroscience are intri-
cately intertwined, beginning with their overlapping uses of reward
prediction error and TD learning. Continuing to draw inspiration
from the brain and body to enhance modern RL algorithms is a fruit-
ful frontier. Many areas of how humans learn from pain are yet to be
investigated; the role of emotional pain and trauma was not exam-
ined in this paper. However, the growing neuroscientific body of
knowledge on pain allows us to examine the phenomena as a model
for novel RL algorithms. Thus, we conclude new RL models which
learn pain aversive behaviour are necessary to propel the field to-

wards more realistic, safe, efficient learning paradigms.
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Abstract

Brain-Computer Interfaces (BCls) have been widely employed to identify
users’ intention to control external objects by decoding motor imagery (MI)
from an electroencephalogram (EEG). In recent years, the contribution of
deep learning (DL) has had a phenomenal impact on MI-EEG-based BCI.
Specifically, deep learning is highly attractive for MI-BCI as it requires little
to no preprocessing, which results in a significant decrease in latency be-
tween a patient's intention and the execution of the command by the device,
be it a prosthetic or a cursor. This study investigates the feasibility of using
low-cost dry-electrode EEG recording to capture motor imagery for train-
ing neural networks to classify imagined right-hand fist clenches vs resting
conditions and subsequent real-time online inference. This holds im-
portance for many kinds of brain-computer interfaces, especially for people
with impaired movement. The online aspect is optimized to minimize laten-
cy with a hard limit of 1 second from capture to classification. A complete
end-to-end pipeline is provided, and although high levels of classification
accuracy were not achieved, the framework sets up a clear path to imple-
ment rapid inference on consumer devices and suggests several future ave-

nues to improve the quality and accuracy of results.
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Introduction
Brain-Computer Interfaces

Brain-computer interfaces (BCIs) translate users’ intentions via brain
activity into external device commands used for interaction with the
environment, applications, hardware devices, and prosthetics. The
methods for measuring brain activity are usually divided into two
categories: invasive and non-invasive. Invasive methods include elec-
trocorticography (ECoG), where electrical potentials are recorded on
the surface of the brain underneath the skull and microelectrode re-
cordings, where electrodes thinner than the width of the human hair
are inserted into the brain for the recording and stimulation of deep-
er brain structures (Schalk & Leuthardt, 2011). Brain activity can be
measured non-invasively via electrical potentials on the scalp using
electroencephalography (EEG) (Abiri et al., 2019), via magnetic field
changes using magnetoencephalography (MEG) (Paek et al., 2020),
and via metabolic processes related to brain function using function-
al magnetic resonance imaging (fMRI) (Sitaram et al., 2007), positron
emission tomography (PET) (Nutt, 2002), and functional near-
infrared spectroscopy (fNIRS) (Schalk, 2009).

In addition to degrees of invasiveness, the described sensor mo-
dalities can be distinguished by their temporal and spatial resolution.
Temporal resolution is the capacity of a method to detect changes in
activity over time, whereas spatial resolution is the degree to which a
given method can detect changes in activity by location (Friston,
2009). In the context of BCIs, temporal resolution refers to how pre-
cisely a method can detect exactly when an event in a brain occurred,
and spatial resolution refers to the precision of a method for detect-
ing exactly where an event in a brain occurred. Additionally, the

methods can be compared with respect to the degree of mobility they
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afford the subject. Mobility is highly relevant in the case of brain-
computer interfaces, as the usability of real-world deployments of
BCI applications would heavily rely on the ability of the user to move
their body freely. Table 1 illustrates how the non-invasive neuroim-
aging methods (EEG, MEG, fMRI, PET, and fNIRS) compare across

the three dimensions.

Table 1:
Method Temporal resolution Spatial Resolution Degree of mobility
EEG High Low Medium
fMRI Low High Low
fNIRS Low Medium High
MEG High Medium Low

OPM-MEG High Medium High
PET Low High Low

Note. Neuroimaging methods compared against the dimensions of spatial and

temporal resolution, and the degree of mobility.

Examples of BCI implementations include, but are not limited to:
brain-to-text communication via intracortical electrode recordings
which decode handwriting movement attempts from a paralyzed
individual into text (Willett et al., 2021), detection of drowsiness in
drivers using fNIRS (Khan & Hong, 2015), and control of various
external devices such as wheelchairs (Rebsamen et al., 2007), drones
(Christensen et al., 2019), and robotic limbs (Lebedev & Nicolelis,
2017) using EEG.

Currently, the most practical use of BCI systems is that of ena-

bling communication and control of devices for individuals living
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with a functional impairment. However, mass adoption of such tech-
nology is hindered by the difficulty of obtaining high-quality record-
ings in environments outside of a lab, the processing speeds of con-
sumer devices, and the complexity involved in building solutions that
are sufficiently generalizable to be adapted to individuals or do not
require expert understanding to set up (McFarland & Vaughan,
2016).

EEG-based BCls

EEG is often considered the most practical choice for BCI applica-
tions due to its low cost, high portability, and high temporal resolu-
tion (Abiri et al., 2019). EEG measures neural activity using elec-
trodes placed on a scalp via the flow of electric currents caused by
synaptic excitations of neuronal dendrites (Olejniczak, 2006). It is
often said that this is a “direct” measurement of brain activity, as op-
posed to fMRI or fNIRS which measure the activity via metabolic
processes in the brain. EEG does not pick up the activity of individu-
al neurons, but rather a synchronous activity of millions of neurons
that have similar spatial locations. The type of neurons that produce
the most EEG signals are pyramidal neurons, due to their alignment
and tendency to fire together (Kirschstein & Koéhling, 2009). The ina-
bility to pick up signals from individual or smaller numbers of neu-
rons is one of the reasons for the weaker spatial resolution of EEG.
Another reason for poor spatial resolution is that EEG records activi-
ty from the outer layer of the cerebrum, the cerebral cortex, and thus
does not have access to deeper brain structures. Signals captured by
EEG only account for around 5% of brain activity (Ball et al., 2009).
However, given that EEG is able to directly sample regional brain
activity at rates of 1 000 Hz or greater, it provides a high level of tem-
poral resolution. While activity in the deeper brain structures is be-

yond the reach of an EEG device, the signals in the areas such as the
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primary motor cortex, primary sensory cortex, temporal lobe, or oc-
cipital lobe can be reliably detected and utilized for control of exter-
nal devices (Guger et al., 2000).

The use of signals found in the cortical brain areas are often re-
ferred to as “paradigms” (Abiri et al., 2019), with each paradigm hav-
ing an established protocol for the development of a BCI application.
The EEG is first collected while the subject repetitively performs a
specific task related to the paradigm being investigated (e.g., visual or
imagery task). Typically, data is then preprocessed to improve the
signal-to-noise ratio and remove invalid trials, and is also used for
training and validation of the decoder. Finally, the subject can use the
BCI system by performing the task again, where the BCI system
translates the neural signal into commands for virtual objects or ex-
ternal prosthetics (Abiri et al, 2019). Figure 1 illustrates a typical
EEG BCI protocol. The most common EEG-BCI paradigms are mo-

tor imagery (MI) paradigms and external stimulation paradigms.
EEG-BCI paradigms

The external stimulation paradigm is based around the purposeful

Figurel:
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modulation of brain activity using outside signals - visual, auditory
(Shangkai Gao et al.,, 2014), or somatosensory (Yao et al., 2017). For
example, one of the more widely implemented BCI-enabled commu-
nication interfaces is a P300 Speller. P300 is an event-related poten-
tial, evoked in response to an external stimulus. P300 is thought to
reflect the contextual meaningfulness of the stimulus for the subject.
It is characterized by a large positive deflection peaking at approxi-
mately 300 ms after the presentation of the stimulus (Fabiani et al.,
1987). Farwell and Donchin (1988) were the first to describe a relia-
ble BCI communication system utilizing the P300 signal, called P300
Speller. The system presents a 6x6 grid with a character occupying
each cell. The subject focuses their attention on the character they
intend to spell, while each row and column of the matrix is highlight-
ed in a random sequence (Figure 1.1). Whenever the highlighted row
and column intersect at the subject's character of choice, a P300 re-
sponse is elicited. A decoder is then able to spot the signal, recognize
at which intersected character it was elicited and infer the subjects’
character of choice. One patient with late-stage ALS has used the
device for 4 to 6 hours a day for typing emails and other applications
and has reported the P300 speller as superior to his eye-gaze-based
system (Vaughan et al., 2006).

Another paradigm that makes use of external stimuli for the se-
lection of commands is called a steady-state visual evoked potential
or SSVEP (Vialatte et al., 2010). In this paradigm, multiple stimuli
(each of which represents a command and can be visual, auditory, or
somatosensory) are presented to the participant, each at a different
frequency, with frequencies varying from low (1-5 Hz) to high (75—
100 Hz). When a subject focuses their attention on a particular stimu-
lus (e.g., a flickering light) EEG frequency observed over the visual

areas of the brain is reliably correlated with the frequency of the re-
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Figurel.1:
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Note. The letter grid used for a typical P300 speller-based BCI. A row or column
flashes for around 100 ms every 200 ms. The participant focuses his attention on
one of the letters (for example, letter “D”) whilst wearing an EEG cap. Whenever
the row or column containing flashes (in this case, row I or column 4), a P300
response is elicited. The first row or the fourth column must flash multiple times
(eliciting P300 response multiple times) in order for the decoder to confidently
classify “D” as the participant’s letter of choice. (Figure reprinted from Krusienski
et al. (2008)).

spective stimulus (Kus et al, 2013) (Figure 1.2). Decoding which
command the subject is trying to select becomes possible by match-
ing the EEG activity pattern to the frequency of the stimulus repre-
senting the command. SSVEP is advantageous because it does not
require training, can be classified more reliably than event-related
potentials, and benefits from more commands due to the range of
frequencies for use (Abiri et al., 2019). Applications include control-
ling lower limb exoskeleton (Kwak et al, 2015), orthosis
(Pfurtscheller et al., 2010), and locked-in syndrome (Hwang et al,,
2017).
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Figurel.2:
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Note. An example of a visual SSVEP interface panel used for the control of the
exoskeleton from Kwak et al. (2015). Each of the white dots is an LED flickering at
a specific frequency and represents a particular command. The subject focuses his
attention on one of the lights while wearing an EEG cap, the activity recorded in
the visual cortex is then correlated with the frequency of each of the lights. The
command whose respective flickering frequency correlates the most with the activi-
ty is then classified as being the intent of the subject.

Since external stimulation paradigms heavily rely on constant
and repetitive presentation of stimuli to the subject, subjects may
experience fatigue and may generally find their use difficult for long
periods of time (Chang et al., 2014).

Motor imagery paradigms, on the other hand, do not rely on ex-
ternal stimuli, but rather on the wilful, internal modulation of neural
activity. Using MI provides a unique way of interacting with hard-
ware or software that has the potential to feel natural and relevant to
the task being performed as well as being distinct from natural envi-

ronmental stimuli (such as noises, flickering lights, etc.).
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Motor Imagery

Motor imagery is a mental process of kinesthetically imagining
movements without the respective physical movement occurring
(Lotze & Halsband, 2006). One way to discern MI from visual image-
ry is to determine the “point of view” of the subject of the imaginal
experience. On the one hand, mental images can be experienced from
a third-person perspective, with the subject acting as a “spectator”,
watching themselves perform an action. One illustrative example is
the sport of climbing, where it is commonplace for individuals to
imagine an avatar ascending a specific route. On the other hand,
mental images can be experienced from a first-person perspective, a
process involving mostly a kinesthetic representation of the move-
ment, during which the subject feels as if they were executing the
movement. This type of imagery requires representing the process of
an action being executed (Jeannerod, 1995). Kinesthetic motor im-
agery can be experienced by remembering and/or preparing for a set
of precise movements, for example a drummer preparing to play a
specific, highly technical part of a musical piece. Motor imagery falls
under the type of kinesthetic imagery (Stinear et al., 2006).

Motor imagery gained its prominence as a research area due to
its relevance in motor learning—the process of acquiring or strength-
ening a skill through repetitive practice (Newell, 1991). During repet-
itive practice, the subject engages neural networks responsible for the
movement over and over again, strengthening the connections be-
tween the neurons through the process called Hebbian learning
(Hebb, 1949), or as its famous tenet goes: “Neurons that fire togeth-
er—wire together.” Hebbian learning in the brain as a physical pro-
cess is primarily facilitated by two neural mechanisms: long-term
potentiation (LTP) (Bliss & Lemo, 1973) and long-term depression
(LTD) (Artola et al, 1990). LTP and LTD influence the extent to
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which activity in a sending neuron leads to activation of a receiving
neuron, by influencing the efficacy of synapses or junctions between
neurons. LTP is a long-lasting potentiation (strengthening) of synap-
tic efficacy, while LTD is a long-lasting depression (weaking) of syn-
aptic efficacy.

Whilst physical practice is most vital for the acquisition and con-
solidation of new motor skills (Robertson et al., 2004), motor image-
ry is a well-assessed complementary practice for motor learning
(Schuster et al., 2011). The rationale is that imaginary movement po-
tentiates the activation of the sensorimotor system which leads to
strengthening of neuronal connections (Kraeutner et al, 2014;
Pfurtscheller & Neuper, 1997). Ml is used for motor learning in both
healthy populations (Dickstein & Deutsch, 2007) and for motor reha-
bilitation in patients (Malouin et al., 2013). This willful generation of
activity in the sensorimotor cortex by performing imaginary move-
ments is the foundation of the motor imagery paradigm in BClIs.

In the sensorimotor rhythms (SMR) paradigm, a subject imagines
kinesthetic movements of body parts such as the hands, the legs, the
fingers, the feet, the legs, the arms, or the tongue. Imagined move-
ment causes event-related desynchronization (ERD) and its opposite,
event-related synchronization (ERS), which is observed during relax-
ation. ERS and ERD phenomena are found mostly in Alpha (or mu, as
it is often referred to in the context of imaging sensorimotor cortex)
(8-12 Hz) and Beta (16-24 Hz) frequency bands (Pfurtscheller, 2000,
p- 26). Upon the imagination of a movement, a power reduction
(ERS) can be observed in the mu/beta , and a rise back in power
(ERS) when the movement ceases. As with physical movements, the
imaginary movements in the motor imagery paradigm are unilateral,
due the location and size of neural regions responsible for specific

movements differing, which leads to different signal characteristics,
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thus making it possible to distinguish MI for left- and right-hand
movements. When a movement of a unilateral limb is imagined, the
recorded activity at the contralateral side of the motor-sensory cor-
tex increases, while the activity at the ipsilateral side does not display
an increase in activity. This contrast between location-specific sig-
nals as well as contextual EEG activity is able to be leveraged for suc-
cessful classification of the user’s intent.

BCI systems within the motor imagery paradigm make use of
ERD/ERS events for an external application. Apart from allowing
individuals with impaired function to control, for example, external
limbs (Barsotti et al., 2015) or moving a wheelchair (Reshmi & Amal,
2013), MI-based BCIs are also often used for the purposes of neu-
rorehabilitation (Pichiorri & Mattia, 2020).

Classification Approaches
Traditional signal processing approaches

EEG has a low signal-to-noise ratio due to the electrodes measuring
brain activity at a microvolt level. This high sensitivity means that
along with cortical brain activity, EEG recordings capture many bio-
logical processes including eye blinks, heartbeat, muscle movements,
and respiration. The electrodes are also prone to interference caused
by electronic equipment, including the recording equipment itself
and proximity to electromagnetic fields like those generated electric-
ity supply lines. In addition, there are cross-channel correlations and
subject-specific patterns of activity (Altaheri et al., 2021). Hence, ade-
quate classification of imagery movements strongly depends on the
processing pipeline of raw EEG data, namely: preprocessing, feature
extraction, feature selection, and feature classification (Khosla et al.,
2020).

Usual preprocessing techniques include: notch (bandstop) filter-
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ing to remove power line noise at 50 or 60 Hz (region specific); high-
pass filtering for the removal of baseline drift; low-pass filtering to
smooth the signal; downsampling the data for quicker computation
and reduced memory storage; selection of specific electrodes de-
pendent on the performed task; referencing from specific electrodes
or the signal average from all electrodes; and band-pass filtering to
select frequency range(s) of interest.

Following preprocessing, EEG data go through feature extrac-
tion, feature selection and finally, feature classification where a pre-
diction of the intended movement occurs. Feature extraction is a
stage where meaningful information is extracted from the neural
data. It is often achieved using time-frequency approaches—due to
the non-stationary nature of EEG signals—and further improved via
spatial approaches that identify and weight channels with the highest
signal-to-noise ratio. The returned feature sets are of high dimen-
sionality, and statistical techniques such as Principal Component
Analysis (PCA) (Abdi & Williams, 2010) and Independent Compo-
nent Analysis (ICA) (Stone, 2002) are used for dimensionality reduc-
tion and feature selection.

Often, multiple techniques are used for each phase of extraction,
selection, and classification of EEG signals (Kevric & Subasi, 2017).
While high-performing, if these techniques were employed for appli-
cations requiring time-critical classification, the recurring complex
computations performed on the data would introduce prohibitively
high latency. Additionally, they would require expert assistance to
calibrate the decoder, as MI EEG data are prone to high subject spe-
cific variance (Zhang et al., 2021), which also contributes to the prob-
lem of achieving a generalizable or, at least, easy to calibrate classifier
for MI EEG signals. Thus, the classical signal processing approaches

are an obstacle for achieving an easily deployable BCI system that is
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able to perform accurate predictions of users intent in real-time.
Machine learning

Neural networks have been shown to achieve “end-to-end learning”
by learning complicated and latent features from large amounts of
data (Bojarski et al,, 2016), bypassing the need for manual feature
extraction, selection, and preprocessing. The promise of feeding raw
data directly into the neural network without intensive signal pre-
processing opens up both the latency and calibration bottlenecks for
real-time BCI use (Craik et al.,, 2019). Specifically, convolutional neu-
ral networks (CNNs) have become very popular due in part to their
success in image classification (Krizhevsky et al., 2012). Naturally, the
high dimensionality EEG data has been tackled with deep learning,
notably for previously mentioned visual-evoked responses (Cecotti &
Graser, 2010), Alzheimer’s classification (Morabito et al., 2016), de-
pression (Acharya et al., 2018), epilepsy prediction (Hussein et al.,
2019), and most relevantly, motor imagery classification (An et al.,
2014; Tabar & Halici, 2017).

Following the promise of end-to-end learning, deep learning for
motor imagery has experienced a rapid growth since 2017 (Altaheri
et al., 2021). Since then, multiple approaches regarding preprocessing
(or lack of it), input formulation, deep learning architectures, and
performance evaluation have been tried. Preprocessing for MI EEG
classification usually consists of selecting channels that contain the
most distinct MI features and subsequent band-pass filtering. More
than 79% of the studies reviewed by Altaheri et al. (2021), used all
EEG channels. However, most of these studies were not oriented on
online classification, where reduction of the volume of incoming da-
ta, process complexity, and computational time is a significant con-
sideration. Over 91% of the studies reviewed in the aforementioned

paper used a band-pass filter on the data to select for frequencies
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where the ERD/ERS events are observed, notably the mu (8-12 Hz)
and Beta (18-26 Hz) frequency bands. The band-pass filter also effec-
tively removes the power line noise (50 Hz) from the data.

Input formulation largely depends on the architecture of the
neural network and is usually one of the following four: raw signal
values, spectral images, topological maps, or extracted features. The
neural network is then trained on this input and judged by its ability
to correctly discern the class of the input data, which could be a bina-
ry outcome or a multi-class prediction. Classification performance of
a model is usually validated by using either the hold-out approach—
where a portion of the data that is not included in training is used to
validate predictions—or the cross-validation approach which repeat-
edly splits the data in different ways for training and validation. The
exact method of splitting and validating data varies by the type of
cross-validation. Trained models are then selected based on a specific
performance metric such as maximizing accuracy or minimizing the
outcome of a loss function. The selected model can then be used on
novel data for inference, meaning it is able to predict the class of data
outside the original dataset. Machine learning architectures
arepromising contenders as a method for effective and process-

efficient classification of motor imagery signals.
Present study

Whilst many have reported high-performing MI-EEG BCls, these
systems are confined to carefully controlled, noise-free, artificial en-
vironments, and are heavily dependent on expensive research-
appropriate systems that require expert preparation and configura-
tion (McCrimmon et al., 2016). Moreover, the classification is usually
applied on the complete period of performing the motor imagery
movement during the experimental protocol, which ranges around

four seconds. In a real-time scenario, this would result in a minimum
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latency of four seconds for the user, seriously inhibiting the usability
of the BCI system for general tasks and making time-sensitive inter-
actions impossible. For MI-EEG BClIs to reach a sufficient degree of
practicality for everyday use, they need to be easy to set up, low-cost,
robust, and most importantly, low-latency.

The main contribution of this study is the use and subsequent
examination of a lightweight convolutional neural network for the
real-time classification of EEG data with sub-second latency. Moreo-
ver, the EEG data is acquired in a naturalistic, interference-prone
setting, using a low-cost, dry-electrode EEG device, which sheds fur-
ther light on the accuracy and reliability of the BCI system for real-

world applications.
Methods
Participants

Two male volunteers (both right-handed, M = 30.0, SD = 5.0 years)

participated in the experiment and gave their informed consent.
Hardware and Software

Neural activity was recorded using a low-cost, open-source/open-
hardware EEG device Ultracortex Mark IV Headset'(OpenBCI, Inc.,
USA) with dry electrodes, connected to the OpenBCI Cyton and Dai-
sy biosensing boards (OpenBClI, Inc., USA). The cap followed a 10-
20 international electrode placement scheme. Fifteen electrodes cov-
ering the whole head were selected (Fp1, Fp2, F3, F4, F7, F8, T7, C3,
C4, P3, P4, P7, P8, O1, 02). EMG monitoring was performed using
three Skintact F301 foam solid gel electrodes (two signal electrodes
and one ground) plugged into the OpenBCI Daisy board. EEG Refer-
ence and ground electrodes were placed at the left and right ear
lobes. Figure 2 illustrates the placement of both EEG and EMG elec-

trodes.
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Offline Raw EEG and EMG data were acquired at a sample rate of
1000 Hz via a microSD-card plugged directly into the Cyton board
using a custom-built Python interface? using the BrainFlow API3. The
custom interface was required to send low level commands to the
board and configure pin settings for the EMG signal and grounding
and in addition, a modified Cyton firmware* was required to fix an

issue with capturing data above 250 Hz.

Figure 2:

Electrodes
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Note. Graphic representation of the EEG and EMG electrode placement on the

scalp and arm, as well as their use in classification.

!https://docs.openbci.com/AddOns/Headwear/MarkIV/
2https://github.com/zeyus/OpenBCI_Cyton_Library

3 https://github.com/brainflow-dev/brainflow

4 https://github.com/zeyus/BrainflowCytonEEGWrapper
5 https://github.com/zeyus/CogNeuroExam

¢ https://github.com/onnx/onnx
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Source code for the experiment, data collection, offline analysis,

model training, and online classification is available on GitHub.
Online classification with sub-second latency

Model training took place on an NVIDIA GTX1070 GPU with
CUDA 11.6, CUDNN v8.4.0.27, and PyTorch
1.12.0.dev20220507+cul16. After model training, the model’s
weights were frozen and exported in Open Neural Network Ex-
change (ONNX) format6, subsequently the pre-trained model was
loaded into a CPU-bound instance of the ONNX Runtime (ONNX
Runtime developers, 2021) and real-time streaming EEG and EMG
data were collected via the Cyton USB/Bluetooth dongle using the
custom interface at a sample rate of 250 Hz. Data from non-selected
channels were dropped, and the remaining data were resampled and

sent to the model for inference Figure 3.
Stimuli

The python package PsychoPy (Peirce et al., 2019) was used to pre-
sent the stimuli to the participants. The task was to perform imagi-
nary movements of clenching the right hand or resting. Visual cues
were presented to the participant before the beginning of a new trial
to ensure attention to the task. A purple arrow pointing to the right
was used as a visual cue to indicate that the participant should imag-
ine clenching their right hand, a purple arrow pointing upwards was
used as a visual cue to indicate that the participant should rest, simply

focusing their gaze on the arrow.
Trials and Experimental Protocol

Experimental protocol was largely adapted from Ma et al. (2020).
Each trial of the experiment began with a white circle (t = -3 s) indi-

cating the start of the trial, followed by a red circle 2 seconds later (t
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Note. Outline of data acquisition and preprocessing pipeline.
= -1 s), alerting the user about the upcoming stimuli onset. Att = 0s,

either the right or upward pointing arrow was presented indicating
the requirement to either clench the right hand or to rest, for the du-
ration of 4 seconds. The participants were told to perform the imagi-

nary movement until the arrow disappeared from the screen. The
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importance of imagining single, continuous movement for the total
duration of 4 seconds was stressed to the participants. At the end of
the trial, a short break of 1 second followed. A schematic representa-
tion of the experimental protocol can be seen in Figure 4. The session
lasted until 30 trials of each of the 3 tasks were completed, which was
approximately 12 minutes. 3 sessions for Subject #1 and 4 sessions

for Subject #2 were recorded over multiple days.
Procedure

The participants were seated in a comfortable chair and instructed
about the protocol. The importance of performing a kinesthetic im-
aginary movement was stressed. To avoid motion-related artifacts,
the participants were asked to keep any type of movements while
going through the experiment to a minimum.

Following the instructions, the EMG sensors were placed on the
participants arm, namely two sensors on the inner left side of the
right forearm (flexor digitorum superficialis) and one ground sensor
on the right biceps (biceps brachii). The EMG electrode locations

were gelled before the placement of the sensors. The dry-electrode

Figure 4

Stimulus

¢ — T IBreakl

Note. Schematic representation of the experimental protocol.
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EEG cap was placed on the participants head with the Cz electrode
socket placed on the vertex of the head. Clip electrodes were used for
the reference and ground electrodes, placed on ear lobes, which were
cleaned with alcohol and gelled. A visual inspection of the quality of
the EEG signals was done using the OpenBCI GUL If any of the
channels were shown to capture the signal poorly, the electrodes cor-
responding to those channels were gently turned until the quality of
the signal was acceptable. Throughout the whole mounting proce-
dure, the participants were repetitively asked whether they experi-

enced any significant discomfort in relation to the procedure.
Data Pre-Processing
Assessment of muscle activity during trials

EMG activity was recorded along with EEG to monitor the amount
of activity exhibited by the flexor digitorum superficialis muscle
which is used for fist-clenching. Four prior experimental sessions
(two per subject) were conducted which contained a physical fist-
clench condition to compare the EMG signal of intentional physical
movements with potential sub-activation levels of imagined move-
ments. Visual inspection of EMG data from MI trials indicated that
muscle activity was much weaker in imaginary movement trials

(Figure 5).
Channel selection

Data from electrodes covering the sensorimotor cortex, namely, C3,
C4, P3, and P4 were selected for the purposes of classification of mo-
tor imagery movements. These channels were deemed most im-
portant in capturing event related desynchronization/event-related

synchronization phenomena discussed previously, via the visual in-
spection of the recordings. Figure 6 below illustrates average activity

from C3, C4, P3, and P4 channels during rest vs. right hand condi-
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tions for one participant during one of the recording sessions. The
difference in activity can be distinguished most clearly in the two
plots for the C3 channel, which is expected as the C3 channel covers
the area of the sensorimotor cortex responsible for the movement of
the right hand.

As previously noted, over 79% of studies reviewed by Hoodis
used data from all electrodes for classification. However, multiple
studies have achieved good accuracy using eight channels or less (Lun
et al., 2020; Yang et al., 2020; Yohanandan et al., 2018). As this study
heavily emphasizes the importance of sub-second latency in classify-
ing motor imagery movements, only the essential channels are used
to minimize the amount of data required for online processing. Fig-
ure 2 illustrates the placement of EEG electrodes, as well as the place-

ment of EMG sensors mentioned above.
Band-pass filters

EEG preprocessing pipeline for MI classification often involves fre-
quency filtering with a bandpass from 8-32 Hz or similar, the upper
passband limit removes line noise from single-phase AC electricity
(50 Hz or 60 Hz depending on region) and the lower passband limit
helps reduce signal drifts which can be caused by changes in subject
skin conductivity. Although, there is research suggesting that there is
loss of relevant signal in cases of high pass (lower passband) values
above 0.1 Hz (Tanner et al, 2015). In many cases, filtering can im-
prove the signal-to-noise ratio, though the process itself can also in-
troduce artifacts such as passband ripple, and thus there are many
different approaches to identifying the important aspects of a signal,
including signal decomposition methods like independent compo-
nent analysis (ICA) or ML. In the case of MI classification, bandpass
filtering narrows the data to the frequency where the ERD/ERS sig-

nal is observed most saliently. However, as EEGNet—which the neu-
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Figure 6:
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ral network proposed below is based on—includes temporal and spa-
tial filters, no frequency filters are applied to the EEG data. Moreo-
ver, for real-time, online classification, any frequency-based signal
filtering is severely limited by the window size of the data that is be-
ing classified, and in our case, the upper window limit of 0.795 s
(0101 samples at 128 Hz) makes the introduction of artifacts ex-
tremely likely. Reducing the amount of preprocessing also has the

important effect of increasing the processing speed of classification.
Neural network architecture

A multi-layered Convolutional Neural Network (CNN) architecture
(Figure 7) was implemented based on EEGNet (Lawhern et al., 2018)
from a modified version of DN37(Kostas & Rudzicz, 2020b, p. 3). All
model fitting was performed with Stochastic Gradient Descent
(SGD) optimization with momentum, minimizing the two-category
cross-entropy loss (Figure 8). A wide variation in hyperparameters
were tried to find the optimal values for both within-subject and be-
tween-subject models, and while certain parameters such as increas-
ing the number of temporal and spatial filters had a significant effect
on increasing training accuracy, this was likely due to overfitting as
the validation accuracy did not improve, Table 2 lists the hyperpa-
rameters used for the best performing model. Due to EEGNet’s ap-
plication of temporal and spatial filters to the EEG data, we found
that the application of various preprocessing techniques (such as
windowed FIR bandpass, notch filtering, and average signal subtrac-
tion) did not significantly improve classification accuracy. Addition-
ally, strided EEGNet, BENDR (Kostas et al., 2021), and TIDNet
(Kostas & Rudzicz, 2020a) based architectures were trained on the
data to compare the performance of different networks for classifica-

tion, both with and without preprocessing, with classification perfor-

7 https://github.com/zeyus/dn3
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Figure 7:
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Note. Overview of the EEGNet based neural network pipeline used for MI classi-

fication.
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mance barely exceeding random chance level.

Although online classification is only viable with a high perform-
ing model, due to our goal of making a sub-second MI classifier we
implemented an online real-time inference pipeline to assess latency
and feasibility. The EEGNet model used resulted in 1 954 trainable
parameters (in contrast the BENDR model had 58 284 091 trainable
parameters and TIDNet, 608 818 trainable parameters), this reduced
number of parameters along with high classification accuracy in
benchmarks makes it an ideal architecture for targeting consumer
devices which most likely do not have a dedicated GPU/TPU and
large amounts of RAM. Minimum continuous latency of [window
size] + 205 ms (latency overhead from data transmission, inference,
and preprocessing) was consistently achieved with a sliding window
step size of 1 sample (meaning 128 predictions/s at 128 Hz sampling
rate) on an Intel Core i5-4690K CPU @ 3.50 GHz. These results indi-
cate that online, real-time classification is possible with consumer
devices, and finding the narrowest window that maintains high clas-
sification accuracy further reduces latency. In our design, the over-
head meant that to achieve sub-second online inference, the maxi-
mum classification window [window size] was restricted to 0.795 s.
This study investigates an even narrower, 0.5 s temporal window for

the purposes of classifying motor imagery.
Validation of the network

Prior to testing the capacity of the neural network to predict motor
imagery vs. rest behaviours with sub-second latency, the network’s
baseline prediction capability was tested on data epoched usinga 2 s
temporal window and compared to the performance of an existing
MI-EEG BCI. Yohanandan et al. (2018) reported a mean classifica-
tion accuracy of 71.09% across 7 participants using a 2 second tem-

poral window, their neural network achieved a mean 63.34% perfor-
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mance across 2 participants using 2 s temporal window. Whilst the
accuracy achieved here is lower, Yohanandan et al. (2018) used twice
the amount of sensors and a sophisticated neurofeedback routine to
improve the capability of participants to perform detectable imagi-
nary movements. Thus, our EEGNet network’s prediction capability
was deemed acceptable for investigating the ability to classify motor

imagery using a 0.785 s temporal window.

Results
Table 2:
Parameter Value

Dropout Probability 0.25
L2 weight decay 0.01
Base learning rate 0.01
Batch size 16
Epochs 500
Kernel size 32
Spatial filters per temporal convolution (D) 2
Temporal filters (F1) 8
Pointwise filters (F2) 16
Pooling 2

Note. Best performing hyperparameters for both within- and between-subject

models
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Classification accuracies for a 0.5 second temporal window for the
two participants were 54.8% and 57.1% respectively for subject-

dependent models, and 54.1% for the subject-independent model.
Discussion

Motor imagery-based brain computer interfaces hold great promise
for enabling individuals with impaired function, diagnosed with con-
ditions such as ALS (Hosni et al., 2020), cerebral palsy (Taherian et
al,, 2017), or muscular dystrophy (Bao et al., 2021) to interact with
the world around them. In contrast with other BCI paradigms, these
systems do not rely on external stimulation, but rather on detecting
neural activity produced by the user at will, making them easier to
use for prolonged periods of time and easier to set-up. While classifi-
cation accuracy is clearly important, a survey carried out by (Huggins
et al., 2015) shows that speed and ease of use are as important for
patients interested in using BCI systems.

In this work, we evaluated the possibility of using a practical
EEG for real-time classification of rest vs. motor imagery move-
ments with sub-second latency. The data were collected using a low-
cost, dry-electrode Ultracortex Mark IV Headset by OpenBCI. The
setup of this EEG device does not require expert assistance, making it
suitable for at-home use. A lightweight, deep neural network was
constructed using EEGNet, a popular compact convolutional neural
network for EEG-based brain-computer interfaces. The built system
was able to return predictions in real-time with less than a 1-second
delay, but the capacity of the classifier to predict events with high
accuracy was not achieved. Since the data were acquired in a natural-
istic, interference-prone environment, this study also showcases the
potential for the proposed BCI system as a robust solution.

Whilst the visual inspection of the signal hinted at the possibility

of differentiating between rest vs. MI conditions using a sub-second
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temporal window, the neural network could not consistently distin-
guish the behaviours. As the plots of the signal were taken from a
single session, the cause might be the variability between sessions,
which was previously reported in other works (Altaheri et al., 2021).

Additional improvements to classification accuracy could be
achieved via a denser sensor coverage of the sensory-motor cortex.
Most MI-EEG BCI studies utilize data from over 8 electrodes for
classification purposes (Altaheri et al., 2021). This study used signals
recorded from C3, C4, P3, and P4 electrodes, alternatively, Cz, CP1,
CP2, CP5, and CP6 electrodes could be directly added to the Ultra-
cortex Mark IV Headset used in this study.

Limitations and future work

One obvious limitation of the study was its small sample size of two
participants, which is not enough to reliably determine whether the
proposed approach would generalize to larger populations. Training
the neural network on more within-subject and between-subject
data would give the network a broader range of activity to pick out
the most relevant features of the signal and to give less weight to
noise that is less consistent across trials.

Another obvious limitation that needs to be addressed is the low
accuracy of the classifier. In a real-world scenario, this can lead to
misinterpretation of user intentions, leading to incorrect responses
from the system and a decrease in user satisfaction, as well as an in-
creased risk of errors that could be potentially dangerous for the us-
er.

In the section above, the possibility of adding additional sensors
with the purpose of covering the sensorimotor cortex more densely
was discussed. However, the 3D printed headset by OpenBCI used in
the study could not facilitate the addition of the following channels:
C1, C2, CP3, CP4, and CPz, which could enhance the targeted ERD/
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ERS signal in the acquired data. An alternative headset could be de-
signed and developed for the sole purpose of MI classification, which
would include sockets for the sensors listed above. Such additions
could increase the network classification accuracy by providing more
relevant data.

An attempt at improving classification accuracy could be made
via moving the temporal window forward in increments, up to
around 0.4 s after the stimulus onset. As seen in Figure 5, when the
experimental protocol included a clench condition, the EMG activity
did not increase up until around 0.4 s after the stimulus onset, mean-
ing it took approximately 0.4 s for participants to process the stimu-
lus, start acting on it, and subsequently move their muscles. It can be
therefore assumed there might also be a delay in the MI condition,
minus the latency of signal propagation from the brain to the hand.

The session-dependent variability could be addressed via more
consistent performance of the kinesthetic imagery of the required
movement. Previous studies on motor imagery have utilized the
KVIQ-10 questionnaire (Malouin et al., 2007) to ensure that partici-
pants are able to perform the task correctly and consistently, with
experimenters explaining and showing the movements prior to the
assessment. Alternatively, a neurofeedback training routine akin to
that described by Hwang et al., 2009 could be implemented to help
participants accurately and consistently perform imaginary move-
ments by presenting them with real-time brain activation graphs.

Whilst this study implemented a visual diagnostic of EMG activi-
ty across the two conditions to ensure no muscle activation was pre-
sent during imaginary movements, a more rigorous and automatic
rejection procedure on a per-trial basis could be implemented akin to
that by Peterson et al. (2022). This would further ensure that the sig-

nal in acquired data is evoked by purely imaginary behaviour, allow-
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ing for fewer false positives in the case where the user would clench

their right hand.
MI classification in non-stationary settings

As noted at the beginning of the paper, for BCIs to be of value to a
larger audience, they need to be usable in non-stationary scenarios.
EEG has been proven effective in the classification of multiple types
of signals with a high temporal resolution. Unfortunately, it suffers
from a high degree of immobility. Motion-related artifacts are one of
the most common causes of noise in EEG data. Two other, relatively
recently developed methods, namely functional near-infrared spec-
troscopy (fNIRS) and optically-pumped magnetometers for magne-
toencephalography (OPM-MEG) are perfectly suited to tackle this
problem. Although fNIRS has a relatively low degree of immobility,
its temporal resolution is rather low, meaning that high online classi-
fication speed will be difficult to achieve due to the limitations of the
technology behind the method. OPM-MEG, however, has an excel-
lent temporal resolution, and benefits from better spatial resolution
than EEG, but is more costly (Boto et al., 2016). Importantly, studies
have shown OPM-MEG to reliably record neural activity from mov-
ing individuals (Boto et al., 2018). Thus, research on the classification
capacity of motor imagery in non-stationary settings using OPM-

MEG is deemed promising.
Conclusion

This study demonstrated a successful implementation of an EEG-
based BCI system able to perform real-time, binary motor imagery
classification with a sub-second prediction latency. A low-cost EEG
device from OpenBCI was used on data that were acquired in an in-
terference-prone environment, indicating the deployability of the

system for real-world applications. Sub-second prediction latency



Canadian Undergraduate Journal of Cognitive Science 293
was achieved using a light CNN based on EEGNet, minimum pre-
processing of the raw EEG data, and a temporal window of 0.785 s
from the onset of the stimulus. The predictability of motor imagery
vs. rest behaviours using a temporal window of 0.785 s was exam-
ined. Subject-dependent classification accuracies were 54.8% and
57.1% for the two participants, respectively. Cross-subject classifica-
tion accuracy was 54.1%. Future work includes evaluating the system
using data from more sensors and from participants trained in motor

imagery by means of neurofeedback or expert training.
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Abstract

In 2013, philosopher Shaun Gallagher presented a new interpretation of
Clark and Chalmer’s extended mind theory. He proposed that our cognition
can extend not only to physical objects but to social institutions as well. This
understanding of our mind rests upon the interpretation that we as con-
scious beings have a mind that is able to extend in a way that is observable
through our behaviour. In this paper, I apply Gallagher’s socially extended
mind theory to chimpanzees to argue that if we accept this theory as true,
then we must also accept it as true that chimpanzees are conscious. My ar-
gument builds upon instances where chimpanzee behaviour parallels human
behaviour in a way that the behaviour can be interpreted as arising from a
socially extended mind and thus a consciousness. I especially highlight the
role of the stable social hierarchy that exists within a chimpanzee colony,
and how that influences the behaviour and cognition of the chimps. I con-
clude the paper by arguing that research into ape consciousness so far has
been too human-focused, to a point that we have forgotten what it is like to
be a chimpanzee. We should instead listen to Nagel and try to take up the
animals’ point of view and be more open to the existence of other kinds of

consciousness outside of our own.

Keywords: extended mind, animal cognition, consciousness
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Introduction

Some four-hundred years ago, Decartes argued that the only
knowledge we can be absolutely sure of is the existence of our own
mind. I think, therefore I am (Decartes, 1641). This also means that
the only consciousness we can be absolutely sure of is our own. Now,
however true this observation may be, it does not intuitively fit with
our actual experience of existing as human beings within a society.
For despite my inaccessibility to your thoughts, feelings, emotions,
and intentions, I still ascribe these internal states to you. Human be-
ings, in general, automatically assume that other human beings have a
conscious experience similar to their own. But despite how natural it
feels to ascribe consciousness to ourselves and others, the actual na-
ture of human consciousness still largely eludes us. Whether we ap-
proach it neurobiologically through brain scanning methods, devel-
opmentally through studies of children, or purely philosophically,
there seems to be little consensus on what consciousness is and how
we know we have it. And this is despite the fact that investigating
human consciousness is, for the most part, the ‘easy mode’ of con-
sciousness research—for we can (at least try to) communicate our
conscious experiences to each other. When one wishes to branch out
to other species to the question of whether non-human animals have
consciousness, matters are complicated even further. For besides the
obvious obstacle of communication, if the nature of our own con-
sciousness still eludes us, how can we ever hope to understand some-
thing that is basically completely alien to us, i.e., a non-human con-
scious experience?

In this paper, I seek to approach the question of non-human con-
sciousness in a slightly different—and perhaps backwards—way. I
will be exploring how theories of human cognition can be applied to

non-human animals’ patterns of normative practices in stable social
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groups in order to expand our understanding of what it means to
have consciousness.

Specifically, I will be investigating the implications of the socially
extended mind theory, as presented by Gallagher (2013), with chim-
panzees as a case study. [ will be arguing that if the socially extended
mind theory is accepted as true, then it must mean that chimpanzees,
at least to some degree, have consciousness. The main argument of
the paper is based on an analysis of different chimpanzee behaviours.
I look at how they parallel human behaviour and thus exemplify the
ways chimpanzee minds can be socially extendable. The paper ends
with a discussion of the methodological issues of studying non-
human animals, and how we can infer consciousness in other beings
with inspiration drawn from Nagel’s What Is It Like to Be a Bat
(1974).

What Does it Mean to be Conscious?

To discuss whether a non-human animal can be seen as having con-
sciousness it must first be determined what the definition of con-
sciousness is. As with many concepts within the overlap of psycholo-
gy and philosophy, it is notoriously hard to agree on a specific defini-
tion. In this paper, I define consciousness as philosopher John Searle
does, by four features: 1) It’s real and irreducible, 2) caused by brain
processes, 3) exists in the brain, and 4) functions causally (Searle,
2009). The key takeaway from this definition is that consciousness is
a biological phenomenon that is not detached from the brain but ra-
ther is a feature of the brain (Searle, 2009). Additionally, conscious-
ness’ causal functionality means that phenomena like thoughts, be-
liefs, and emotions arise from a being’s consciousness. These internal
phenomena—as they are not directly observable to outsiders—are
what I define as the mind, and they can be seen as the mental con-

tents of any conscious experience. In other words, the mind is the
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collection of thoughts, emotions, perceptions, and other mental states
that make up an individual’s conscious experience. For example, if
you are experiencing the sensation of pain, your mind would be said
to include the mental content of that experience: The sensation itself,
your awareness of it, and any thoughts or emotions you have about it.
So the mind arises from our consciousness and is an integral part of
the phenomenological experience of being at any given time. Now, as
over a century of thought has been spent trying to define mind and
consciousness, the definitions presented here do not try to be defini-
tive or comprehensive. To highlight just a few different accounts, a
classic example is Bentham (1789), with the role of suffering in as-
sessing consciousness. Other papers emphasize the role of certain
brain connections (Lagercrantz & Changeux, 2010), attention
(Posner, 1994), or an awareness and experience of time (Kent & Witt-
mann, 2021). Others still use behaviour to infer consciousness
(Kotchoubey, 2018), or a computational framework (Dehaene, Lau, &
Kouider, 2017). The same goes for the mind, where the different ap-
proaches include viewing the mind as the representation of subjec-
tive experience removed from brain function (Libet, 2006), an evolu-
tionary developed system for information-processing (Pinker, 2005),
or the attribution of thoughts, beliefs, and intention in others, also
known as “theory of mind” (Sprong et al., 2007). Instead of using this
paper to argue for or against any specific approach in this larger phil-
osophical discussion of how to define consciousness and mind, I have
decided to go with two simple definitions for the purpose of clarity
which simultaneously emphasizes the link between the two.

Lastly, there is the concept of cognition. I will be working from
an embodied view of cognition, which sees cognition as inherently
tied to our body and bodily experiences. Essentially, our cognitive

processes emerge from our bodily interactions with the world
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(Pfeifer & Bongard, 2007). This means that cognition, the mind, and
the body are not separate entities, but rather they are meshed togeth-
er and shaped by our body’s interaction with the world through its
particular perceptual and motor systems (Thelen, 2000).

The Extended Mind

A central question is where the demarcation between our mind and
the rest of the world should be. Can our mind and cognition extend
beyond our brain and body? In their 1998 paper, Andy Clark and
David Chalmers argue for an active externalism of the mind. They
want to acknowledge the active role the environment plays in our
cognitive processes, and how the mind and cognition can integrate
the physical world (Clark & Chalmers, 1998). Their main argument
for the extension of our cognitive processes, which is known as the

parity principle, is:

If, as we confront some task, a part of the world functions as a
process which, were it done in the head, we would have no hesi-
tation in recognizing as part of the cognitive process, then that
part of the world is (so we claim) part of the cognitive process.
(Clark & Chalmers, 1998, p. 8).

Essentially, if an external object, for example, a calculator or
notebook, takes on the function of an otherwise ‘inside job’, e.g., the
working memory or long-term memory, then that object becomes
part of the cognitive process. It creates a coupled system between the
person and the external object, where each of the components play
an active causal role in the performance of the task at hand (Clark &
Chalmers, 1998). In addition, the mind can be extended to and be
formed by the environment much in the same way cognition can be
extended, both by objects and other people (Clark & Chalmers,

1998). This notion of a socially extended mind has been elaborated
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upon by philosopher Shaun Gallagher (2013).
The Socially Extended Mind

In his 2013 paper, Gallagher presents a liberal and expanding inter-
pretation of Clark and Chalmers’ extended mind theory. In essence,
Gallagher argues that cognition can be socially extensive in a way
that includes not only interaction with other humans but also inter-
actions with so-called mental institutions (Gallagher, 2013). The so-
cially extended mind theory sees extended cognition as not merely
including physical objects, but also social situations and institutions
that in some way create the coupled system Clark and Chalmers de-
scribe. According to Gallagher, if the cognitive process somehow
relies on a cognitively produced tool, rule, or institution, then there is
no reason to limit mind extension to tasks which we can imagine
being “done in the head” (Gallagher, 2013). A good example of this is
the legal system. The legal system consists of agreements, decisions,
and systems of rights that are the representation of several external-
ized minds. It reinforces certain behaviours, and allows us to solve
certain problems by guiding our thinking about social arrangements
such as property, contracts, and rights (Gallagher, 2013). Essentially,
engagement with these tools and institutions created by the legal sys-
tem makes simple behaviours and decisions, such as building a fence
around your house, part of a larger cognitive process incorporating
the cultural understanding of property and what it means to own.
Cognition and subsequently the mind are thus not only confined
to the brain and body. Rather, they are co-constructed and supported
by both the normative practices and institutions in our environment
which we engage with and contribute to (Cash, 2013), as well as our

biology which gives rise to our consciousness, mind, and cognition.

What Does it Mean for Consciousness?
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With this broadened understanding of the mind and its relation to
the world, the central question returns: Where should the demarca-
tion between the mind and the world lie? If the mind and cognition
extend to everything we interact with, is the whole world then po-
tentially part of our cognition? This is known as the cognitive bloat
worry—the critique that the extended mind theory over-extends the
mind so the term becomes meaningless (Rupert, 2004). This critique
has been refuted by Gallagher as he asserts the role of active engage-
ment: The cognitive process extends as we engage with the external
world in the right way (Gallagher, 2013). Specifically, when our en-
gagement with the external object or institution defines the cognitive
process in such a way that without the extension the process would
be different or non-existent, then it is an extended cognitive process.
One might argue, though, that this does not actually address the
problem of over-extension: Maybe not all cognitive processes are
extended, but those that are, do they not still potentially over-extend
the mind and over-incorporate the external world? However, the
nature of the extension needs to be considered as well. A socially ex-
tended cognitive process does not mean that the literal objects that
are manipulated become part of our minds. Instead, the process itself
is what extends to draw upon the resources in the environment that
make the process a possibility at all. Take, for example, building a
pasture for cattle. The wooden poles, the wire, and the actual manip-
ulations of those objects are not part of the cognitive process, but the
engagement with the local custom of solving such a problem with a
fence is an extension—if the local custom had been different, the so-
lution would have been different (Gallagher, 2013). Subsequently, it
is not the brain, or any other bodily part that extends, nor physical
objects that become our mind. Instead, a socially extended cognitive

process should be understood as our cognition shaping and being
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shaped by the external environment, in such a way that the cognitive
process is simultaneously occurring in the brain and extending to the
resources in the outside world which inform our cognition and make
the cognitive process possible.

When we then as conscious human beings engage in behaviour
that is seen as extending our minds, it also becomes possible to infer
consciousness based on specific behavioural patterns using the so-
cially extended mind theory. If our behaviour arises from (extended)
cognitive processes that are part of the mind, which is defined as the
mental contents of consciousness, then consciousness is necessary
for a mind, mind extension, and thus our behaviour. If we accept this
as true, then it must also be true that if some other being engages in
behaviour that is best explained as arising from mind extension, it
must also arise from some sort of consciousness. And it is this exact
thought process I wish to apply to chimpanzees.

Although the applicability of the social extended mind theory to
other non-human animals besides chimpanzees is missing in this ac-
count, | maintain my focus on chimps for a couple of reasons. First,
in order to apply a theory of human cognition to non-human ani-
mals, it seems natural to start with our closest living relative on the
tree of evolution—if any animal is going to have similar internal
states to humans, it should be chimps. Second, the long history of
research into the mental capabilities of chimps means there is a
plethora of both controlled experiments and structured observations
of chimps in the wild and in captivity (see Call and Tomasello, 2008
for a review). However, this does not exclude the possibility of apply-
ing the social extended mind theory to other animals, or that this is
the only way of asserting consciousness in non-human animals. In-
stead, the primary purpose of this paper is to assess how a theory of

human cognition might be applied to investigate consciousness and
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internal mental states based on external behaviour in order to both
argue that chimps can be ascribed consciousness, and that this meth-
odology is a useful and meaningful way of approaching the question

of consciousness in non-human animals.
The Chimpanzee Extended Mind

With this theoretical groundwork, it becomes interesting to investi-
gate how chimpanzee behaviour can parallel human behaviour. I will
use descriptions of chimpanzee behaviour as observed both in the
wild and in captivity in tandem with the socially extended mind the-
ory to argue that the behaviour exhibited by the chimps is not only a
parallel to human behaviour but also evidence of a socially extended

chimp mind and thus chimp consciousness.
Object Manipulation

Nearly 60 years ago, Dr. Jane Goodall reported seeing wild chimpan-
zees producing and using self-made tools on many different occa-
sions (Goodall, 1964). For example, three adult chimpanzees, inde-
pendently of each other, tried to open boxes of bananas by using
sticks to either pry open the lid or create a hole in the box (Goodall,
1964). Since Goodall’s discovery, an increasing number of long-term
field studies of chimpanzees have further investigated the use of
tools among chimpanzee colonies and have found a widespread use
of tools and even evidence of cultural differences (Whiten et al.,
1999). Specifically, it seems that chimpanzees from different colonies
in different countries have different “tool kits"—a term used to de-
scribe the specific repertoire of tools a chimp colony habitually uses
(McGrew, 2010). For example, in Ngogo, Uganda, tools are mainly
used for courtships and hygiene, whereas in the Republic of Congo,
tools are used for foraging (McGrew, 2010). These instances of cul-

tural differences in how chimpanzees engage with the physical world
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parallel human behaviours which are seen as socially extended cogni-
tive processes. After all, as mentioned earlier, the bodily manipula-
tions of e.g., a wooden pole to build a fence is not considered an ex-
ample of mind extension. However, the engagement with the particu-
lar culture and the common practices of the environment does make
the cognitive process of solving a problem by perceiving a wooden
pole as a tool an extended process (Gallagher, 2013). This means that
when chimpanzees seemingly have cultural differences in tool use,
their specific object manipulations stem from an engagement with
their common social practices which shapes their cognition and thus
their behaviour. The local custom of the colony is what guides a
chimpanzee to perceive a stick as, for example, a tool to “fish” for
termites (Goodall, 1964), instead of a tool for hygiene purposes. The
cultural practices of each individual colony are essentially shaping
the cognitive processes of the chimpanzees and the ways they per-
ceive the objects in their environment, extending their minds to in-
corporate the parts of the external world that allow these processes

to take place.
The Arnhem Colony

Ideally, the study of chimpanzee consciousness would be carried out
on wild chimpanzees. However, a number of complications arise
when attempting to do so. Most notably, the access to the apes is of-
ten unreliable—fieldworkers might not see the chimps regularly,
making it impossible to notice the subtleties in their behaviour (Waal
1982). Therefore, this section will primarily build upon the work of
Frans de Waal and his description of the Arnhem colony in the Burg-
er’s Zoo in the Netherlands. Specifically, his book Chimpanzee Politics
(Waal, 1982), presents a comprehensive study of the social life among
a chimpanzee colony in an open-air enclosure. With a colony con-

sisting of around 20 chimpanzees, Waal has systematically reported
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and interpreted the chimps’ different behavioural patterns—some of
which can be argued to arise from mind extended cognitive process-
es.

Central for life in the chimpanzee colony is the stable hierarchy
that exists between the apes, which is manifested by the so-called
submissive greetings (Waal, 1982). Submissive greetings are a special
form of social behaviour that confirms and reinforces the colony’s
hierarchy in a way that leaves no room for doubt (Waal, 1982). This
non-mutual behaviour is expressed by a lower-ranked chimp greet-
ing a higher-ranked one with a series of bows. The non-mutual na-
ture of the behaviour means that a higher-ranking chimp will never
greet a lower-ranking chimp, except in times of power take-over and
instability (Waal, 1982). This essentially means that, just as our legal
system is comprised of laws and contracts that are the representation
of mutually agreed upon decisions, the chimp hierarchy is comprised
of communicative signals that are mutually agreed upon to mean
either a reinforcement or an undermining of the current power
structure. It is a product of shared mental processes, i.e., a mental

institution.
Quarrelling Infants

From the chimpanzees’ behaviour it is evident that this complex so-
cial structure governs much of the animals’ cognitive processes. Just
as the legal system makes otherwise ‘simple’ behaviours part of a
larger cognitive process, incorporating the social understanding of
laws and rights, the hierarchy in the Arnhem colony has the same
effect. In an example presented by Waal (1982), two mother chim-
panzees, Jimmie and Tepel, are sitting in the shadow with the oldest
female chimp, Mama, in between them while their infants are play-
fighting. The playfighting evolves into a quarrel but ends when Tepel

wakes Mama, points to the infants, and Mama barks loudly at them.
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On the surface, this might seem like simple chimp behaviour, but,
according to Waal, in order to interpret the behaviour properly, two
things about the colony are important to note: (1) Mama is the high-
est-ranking female, and (2) conflicts between infants regularly lead to
conflicts between the mothers (Waal, 1982). To avoid a conflict with
the other mother, Tepel solved the problem with the fighting infants
by waking the higher-ranking female to act as an arbitrator. Mama,
seemingly understanding Tepel’s motivation and intention, ends the
fight. From a socially extended mind perspective, this behaviour is a
clear example of a chimpanzee mind being socially extended. Tepel’s
behaviour would have been different had the social structure and
norms of the colony been different, but because the colony is consti-
tuted the way it is, it effectively shapes Tepel’s cognition to incorpo-
rate the social understanding of motherhood, conflicts, and the
chimps’ individual rank. It creates the coupled system between her
mind and the hierarchy—which as previously noted essentially func-
tions as one of Gallagher’s mental institutions. And this instance is
not just Tepel being an especially clever chimpanzee. The higher-
rank female, Mama, also understands what she is supposed to do
when Tepel wakes her and points to the infants. Mama’s behaviour is
equally shaped by the social structure and norms of the colony when
Tepel’s pointing makes it clear that she should be the one to stop the

fight in order to prevent further tensions between the two mothers.
A Social Faux Pas

Another example presented by Waal (1982) also involves Tepel. Here,
Tepel silences her child, Wouter, by placing a hand over his mouth to
stop him from screaming and engaging in a quarrel with another
chimp. On another occasion, a different mother also silences her
child to stop them from barking at and starting a conflict with a

dominant male ape. According to Waal, to properly understand this
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behaviour, it is important to note that in the colony, when two in-
fants are having a noisy conflict for too long, a chimp male will come
to stop the conflict. However, in such cases, the child usually retreats
to their mother who then becomes the receiver of the male’s punish-
ment. When looking at Tepel’s behaviour from an extended mind
perspective, the social norms and customs are essentially shaping
how she perceives the situation. Realizing she can avoid a beating if
her child stops being so noisy, she comes up with the solution of si-
lencing him. This solution is tied to her previous experiences and
would have been different had the social hierarchy and norms of the
colony been different. A similar thing is true for the second instance
of silencing which Waal interprets as a mother’s reaction to a “social
faux pas committed by the child” (Waal, 1982, p 48). This idea of a
“social faux pas” in a chimpanzee colony emphasizes how complex
and intricate chimpanzee social life can be - and how much of
chimps’ behaviour and cognition are shaped by this mental institu-
tion. It allows for what Waal describes as a “social application of rea-
son and thought” (Waal, 1982, p 51), or, in other words, an example

of a socially extended cognitive process.
What is it Like to Be a Chimpanzee?

Based on this evidence, it appears that chimpanzees’ complex social
behaviour arises from some sort of socially extended mind. And as
mentioned earlier, the prerequisite for mind extension is some sort
of consciousness. In this section, I will discuss what that means for

our understanding of both chimpanzee and human consciousness.
Why the Research Method Matters

The current paper builds upon primarily anecdotal accounts of
chimpanzee behaviour, which has been the most prevalent approach

to studying chimpanzees since Dr. Goodall broke ground in the ‘60s.
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More recently however, the field has shifted towards a predominant-
ly experimental approach (Povinelli & Vonk, 2003). The experimental
approach seeks to eliminate the problems that arise when looking at
anecdotal evidence, namely, the problems of objectivity. As Waal
(1982) also discusses, one of the main problems with using anecdotal
evidence is that it is never absolutely certain that the interpretations
are truths. Researchers must rely on intuition and learned associa-
tions between different behaviours that make up patterns of interac-
tion between the chimps (Waal, 1982). Even though it is possible to
computationally calculate which behaviours occur together frequent-
ly, it is problematic to rely on our human view and interpretation of
animal behaviour as humans are notoriously known for anthropo-
morphizing. We ascribe even simple, geometric figures moving about
a computer screen with intentions and desires (Heider & Simmel,
1944), just as we would do in a social situation with another human
(Atherton & Cross, 2018). It is obvious that inferring mental states,
and thus consciousness, in geometric figures on a computer screen is
nonsensical. As such, it seems natural to both be wary of attributing
any kind of humanization to animals (Waal, 1982), and to have a de-
sire to move towards a more objective and neutral study method.
However, “because the most fundamental problem associated
with the use of anecdotes was never widely identified, the same con-
ceptual problem has crept, almost unnoticed, into our experi-
ment” (Povinelli & Vonk, 2003, p. 158). What Povinelli and Vonk ar-
gue is that the same problems with inferring mental states from be-
haviour arise even in experimental settings, as it is often possible to
explain the chimpanzees’ behaviour purely based on behavioural ab-
stractions. Instead, to avoid this problem, the experimental setups
must provide a truly novel situation for the chimps (Povinelli &

Vonk, 2003). Even though experimenters are trying to do so
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(Tomasello et al., 2003), I will argue that experiments will still fall
short of truly studying chimpanzee experiences and mental states.
Because another of the main problems with both the anecdotal and
the experimental approach is our undeniably human perspective. We
cannot escape the fact we are humans trying to understand a differ-
ent animal entirely. And just as we are unable to imagine what it is
like to be a bat (Nagel, 1974), our experiments will always be tainted
by the fact we are humans on the impossible task of trying to imagine
what it is like to be a chimpanzee. This may sound exaggerated, but
the mere fact that in studies about chimpanzees, researchers use vid-
eos of humans (Premack & Woodruff, 1978) and human experiment-
ers (Povinelli & Vonk, 2003), shows a clear bias against taking the
animals’ point of view in favour of our own human point of view. To
return to Nagel, this becomes problematic as we can never know
what it is like to be something non-human without first taking up
their point of view (Nagel, 1974). So, instead of trying to create ex-
perimental setups that remove the chimps from their natural set-
tings, one must first take up the chimp’s point of view. I will there-
fore argue that looking at how chimpanzees engage with their envi-
ronment, and especially the other chimpanzees in their colony—as
that evidently plays a central role in chimpanzee life—takes us closer
to taking the chimp’s point of view, and thus closer to a more accu-
rate understanding of the chimpanzee experience. Even though anec-
dotal evidence has its limitations, the social nature of chimpanzee

colonies makes the anecdotal approach justifiable.
Apes Are Conscious, So What?

Ascribing consciousness to chimpanzees will, for most, probably
seem like the most natural thing to do. After all, they are very similar
to us, sharing a whole 99% of our DNA (Gibbon, 2012). What I will

discuss in this final section is why this analysis of chimps should lead
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us to change how we think about consciousness and how we ap-
proach the question of non-human consciousness.

As Nagel discusses in his paper, What Is It Like to Be a Bat (1974),
when discussing whether a bat has conscious experiences, it must be
argued whether “there is something that it is like to be that organ-
ism” (Nagel, 1974, p. 436). If it is like to be a bat in some way, then
that something is an experience that arises from some sort of con-
scious awareness of the experience. So, when trying to understand
whether chimpanzees are conscious, it is first a question of whether
it is like to be a chimp in some way. This puts us in much the same
position as an alien would be in if it tried to conceptualize the human
experience (Nagel, 1974). With this perspective, an interesting
thought problem arises: If aliens had the same knowledge and evi-
dence of us humans as we have of chimpanzees, would it be justified
for the aliens to not think of us as conscious beings with mental
states? If aliens had systematic reports of humans engaging in com-
plex social behaviour within a clear hierarchical social structure,
would a dismissal of mental states as well as a sceptical account of
pattern recognition and behavioural associations be welcomed? I
imagine most would think it wrong of the aliens to make this conclu-
sion, because we know what it is like to be us. We know that there is
more to humans than meets the eye because we experience it every
day. So, who is to say the same cannot apply to chimpanzees?

The idea of some sort of chimpanzee consciousness rests a great
deal on the wording “some sort”. It is impossible to know whether
chimpanzee consciousness is the same as human consciousness. It is
actually very likely that the two are different since humans and chim-
panzees embody quite different perceptual and motor systems, and
are social animals that are substantially shaped by their own environ-

ment. However, the same holds true for individual humans. I cannot
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possibly know that your consciousness is the same as mine, or that
your conscious experience is the same as mine—again, it is probably
not the same as we are both shaped by our own, and therefore differ-
ent, circumstances. But that does not mean we do not both have con-
sciousness. The main reason it is easier to infer a conscious experi-
ence in other humans than in non-human primates is first, we know
what it is like to be human, and second, we have the means of com-
munication. You can communicate your intent, emotions, and
thoughts to me. Chimpanzees cannot. But disregarding animal con-
sciousness based on this is unwarranted—non-verbal autistic people
are still viewed as conscious, even if their means of communication
are different. Just because chimpanzees are unable to live up to the
traditional, human perception of consciousness, the conclusion that
chimps are therefore not conscious is not justified. We must move
beyond our own brain and body and try taking the perspective of the
chimpanzees. I would argue that shifting the focus away from the
individual chimp’s capabilities and instead look at how behaviour in
a colony arises from a complex social structure, moves us closer to
the chimps’ perspective and thus closer to an understanding of their
internal mental states. But whether or not chimpanzees are con-
scious, this paper is at its center an appeal to a less human-focused
perspective on consciousness and a change in the way we study the

mental states of non-human animals.
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