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Rapid automatized Naming (RAN) in younger and older
adults

Amelie |. Buttkus, Alicia S. Funk, Julie F. Neuenfeldt, Leon A. Orlik, Simon P. Schommer, Estelle
Spizzica

Supervisor: Dr. Caroline Hornung

Rapid automatized naming (RAN) is defined as the ability to name familiar visual stimuli
such as colors, letters and digits as fast as possible. Although RAN has been used to predict
adult reading ability, there have been few applications for mathematical abilities. In the pre-
sent study, the main goal was to focus on differences in sixty-four younger and older adults
in RAN and arithmetic performance in order to report possible changes throughout adult-
hood. Six RAN tasks were administrated consisting of digit, dice, canonical finger configu-
ration and newly introduced roman number, dot and non-canonical finger configuration. The
standardized arithmetic test “Tempo Test Rekenen” (De Vos, 1992) was administrated to
measure participants’ arithmetic performance, subdivided into five columns of basic arith-
metic operations. The results underline that younger adults perform significantly better in
RAN and arithmetic tasks than older adults. The newly introduced RAN tasks appeared to
be a good complement to the existing ones. It is assumed that RAN is a predictor for arith-

metic fluency in adults.

1. Introduction

described as the ability to name visual stimuli
such as colors, letters, or digits as fast as pos-
sible (Hornung et al., 2017; Koponen et al.,
2016). Since a better part of existing literature
focuses on the relation between RAN and read-
ing abilities, the tasks have turned out as a valid
predictor of reading skills and deficits such as
dyslexia in school-aged children (Koponen et
al., 2016; Lervag & Hulme, 2009). Denckla and
Cutting (1999) traced the origins of RAN in the
description of a neurological phenomenon
called “alexia without agraphia” back in the
nineteenth century. This depiction is based on
a paper by Geschwind and Fusillo (1966) who
observed cases of adults with brain lesions that
resulted in a disruption of the “visual-verbal’
connection (Denckla & Cutting, 1999). This
means that the patients lose their ability to read
while writing remains possible. During their
work, Geschwind and Fusillo detected difficul-
ties in the correct naming of colors as visual
stimuli in their patients, administered as a

recovery measure for adults with head injuries
resulting in the loss of reading skills. The as-
sumed relation between reading skills and the
naming of visual stimuli led them to examine
first graders with reading difficulties in their ca-
pacities of naming visual stimuli. These pupils
were indeed able to name the colors, but they
showed slow reaction times and a lack of au-
tomatism. This observed relation is the origin of
the development of RAN-tasks and the effort to
validate RAN as a predictor of reading skills.
As confirmed by later research, RAN and read-
ing do share related cognitive processes (Hor-
nung et al., 2017). Those refer to the visual-ver-
bal connection and executive functions. These
shared cognitive functions are also relevant for
processing speed, which is important for read-
ing and RAN as well, and which is measured
with RAN tasks (Denckla & Cutting, 1999).
RAN has been a very useful measure of cogni-
tive abilities not only for children, but it has
been proven for younger adults as well (Gor-
don et al., 2021). Although RAN has been used
to predict adult reading ability, there have been
few applications for mathematical abilities (Wiig
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et al., 2002). Additionally, the effect of aging on
RAN is less well described.

Prior studies distinguished symbolic RAN tasks
using digits or letters and non-symbolic RAN
tasks using stimuli like colors (Gordon et al.,
2021).

Furthermore, the different types of stimuli can
also be distinguished between alphanumeric
stimuli (written symbols) and non-alphanu-
meric stimuli (not written symbols, such as col-
ors, objects, dots, dice (Koponen et al., 2017)).
There are different purposes for the different
types of tasks (Koponen et al., 2017). Alphanu-
meric RAN shows a stronger relation with read-
ing skills of children than non-alphanumeric
RAN. That’s different regarding arithmetic. Alt-
hough both stimuli types described similarly re-
lation to arithmetic (e.g., Koponen et al., 2013
in Hornung et al., 2017), non-alphanumeric
RAN is assumed to be a valid predictor for
arithmetic fluency (Hornung et al., 2017).

In general, performance varies for different
RAN tasks. Usually, performances in alphanu-
meric RAN are faster than in non-alphanu-
meric. But through the explicit learning of num-
bers, experience is gained with these symbolic
stimuli and therefore the performance in sym-
bolic RAN tasks of adults is better than in non-
symbolic RAN tasks (Koponen et al., 2017;
Gordon et al., 2021). One explanation is that
serial naming of digits and letters is more au-
tomatized than naming of colors or objects,
which demands further additional cognitive pro-
cesses such as attributing meaning (Roelofs,
2006 in Hornung et al., 2017).

RAN itself can be seen as an index of speed of
lexical access and the quick retrieval of phono-
logical representations. It measures the pro-
cessing speed, which can help to evaluate cog-
nitive  functions underlying recognition,
memory, reading and language production (Ja-
cobson et al.,, 2004). More importantly, RAN
and arithmetic fluency tasks do share related
cognitive capacities such as executive func-
tions, processing speed, and the retrieval of
phonological representations from long-term
memory, such as number words. Here as well,
explicit learning of digits is important as it auto-
mates fast retrieval and thus enables fast solv-
ing of single - digit arithmetic tasks as well as a
better RAN performance (Koponen et al.,

2017). This could also explain why there is no
improvement in symbolic RAN during adult-
hood (36- 65 years) and no differences in per-
formances of younger and older adults could
be found in symbolic (letter and digit) RAN
tasks. Although older adults showed signifi-
cantly slower performances than younger
adults in non-symbolic (color and object) RAN
tasks (Gordon et al., 2021). However, Jacob-
son et al. (2004) found a significant relationship
between age and naming time for both types of
RAN tasks in a sample of 15 to 85 years old
participants. Time would be expected to slow
by about 1 sec. every 25 years for different
types of RAN tasks.

It is important to provide a general overview of
arithmetic problem solving, and the related
cognitions to better understand the relation be-
tween RAN and arithmetic.

Differences between young and older adults in
arithmetic problem solving, regarding speed
and accuracy were found. In both aspects,
older adults performed worse. These differ-
ences increased with complexity of the prob-
lems (Duverne and Lemaire, 2005; Uittenhove
and Lemaire, 2014, as cited in Hinault and Le-
maire, 2016).

To achieve an improved understanding of the
decline of arithmetic problem-solving abilities in
older adults, it is essential to amplify which cog-
nitions are influencing those changes in age.
Furthermore, many of the studies on age-re-
lated changes in arithmetic abilities concen-
trate on strategies differences in younger and
older adults, as they are connected.

Hinault and Lemaire (2016) elaborated that the
executive control processes, more precisely in-
hibition, cognitive flexibility and working
memory, are influencing for example the strat-
egy use. Older adults employ less strategies
than younger adults, which can be explained by
a decrease in inhibition of irrelevant answers
and cognitive flexibility resources switching be-
tween different cognitive concepts.

The function of the working memory is to store
information for a short period of time and pro-
cessing the information to execute cognitive
tasks (Imbo & Vandierendonck, 2007).
Moreover, there is a shift in older adults to strat-
egy-use involving less executive cognitive pro-
cesses like arithmetic fact retrieval (Hinault &
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Lemaire, 2016). This strategy draws the solu-
tion directly from long-term memory (Thevenot
et al., 2007). The authors interpreted the more
frequent use of retrieval by older adults with a
longer practical experience with arithmetic
problems and the resulting expansion and en-
richment of their fact network. This could also
explain why older adults perform as well as
younger adults in particular arithmetic tasks
(Hinault & Lemaire, 2016). Adults apply the re-
trieval strategy for example in simple addition
problems (Thevenot et al., 2007). However, it
was also discovered that older adults take
longer to find the answer in their fact network
(Hinault & Lemaire, 2016). Imbo and Vandi-
erendonck (2007) explained this result by the
fact that executive working memory resources
are influencing the retrieval process. They fur-
ther elaborated that addition and subtraction
employ 88% and 72% of retrieval. In these
mathematical operations, the process of count-
ing (non-retrieval) is often applied (Imbo &
Vandierendonck, 2007). Multiplication uses
98% retrieval and division 69%. Both are reliant
on retaining the answer to the corresponding
problem. In contrast to multiplication, division
problems require a more considerable use of
the executive working memory (Imbo & Vandi-
erendonck, 2007).

Overall, 83% of the procedures used in addition
with sums lower than 10 (small numbers) were
accounted for retrieval and 46% in operations
with sums greater than 10 (medium numbers).
In that study, most of the adults used retrieval
strategies for small numbers and non-retrieval
strategies for medium numbers (LeFevre et al.,
1996 as cited in Thevenot et al., 2007). The
non-retrieval strategies like transformation or
counting must also retrieve arithmetic facts
from long-term memory, but also require other
cognitive processes like reciting numbers, cal-
culating, and storing intermediate results. For
the latter, the phonological working memory is
essential. However, it is also supposed that
phonological processes are relevant in multipli-
cation operations because multiplication
makes use of phonological codes (Imbo &
Vaniderendonck, 2007; Moeller et al., 2011).
De Smedt and Boets (2010) could prove that
phonological processing, more precisely pho-
nological awareness (“the ability to recognize

and distinguish between the sounds used in
spoken language” (APA, 2020)) and arithmetic
fact retrieval correlate in adults and that this re-
lation was higher for multiplication compared to
subtraction. These different results suggest
that the function of the specific areas of phono-
logical processing for arithmetic problem solv-
ing should be further investigated.

1.1. Present study

As mentioned before, RAN and arithmetic
show significant correlations, which is why
RAN can be considered as a predictor for arith-
metic fluency in children (Koponen et al.,
2016). Since these characteristics have only
been examined for school-aged children, we
want to explore if this relation also exists for
adults. Moreover, in children, the correlations
between arithmetic fluency and number-spe-
cific RAN tasks turned out to be stronger than
with other forms of RAN (Hornung et al., 2017).
Since we aim to examine the relation between
arithmetic tasks and naming speed of arithme-
tic depictions, we only used numeric RAN tasks
and did not apply any other RAN tasks as color
or objects, which are normally used as well.
Furthermore, we introduced three new RAN-
tasks. As a new symbolic task, we used roman
numbers and as new non-symbolic RAN tasks
we used arrays of 1 to 5 dots and non-canoni-
cal fingers. We want to test whether these
tasks are suitable as a complement for the ex-
isting RAN tasks.

The main goal of our research is to find out
whether there are any differences between
younger and older adults regarding their capac-
ities in RAN and arithmetic in order to report
possible changes throughout adulthood. First
of all, we expect younger adults to be faster in
RAN-tasks than older adults. Given that sev-
eral executive functions are relevant for mental
tasks and naming times degrade with age (Ja-
cobson et al., 2004), we expect younger partic-
ipants to achieve faster results.

Our second hypothesis is that we assume
younger adults to solve more arithmetic tasks,
given that older adults tend to perform worse in
arithmetic problem solving (Hinault & Lemaire,
2016). This difference between the age groups
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is only expected in the addition and subtraction
tasks. These tasks rely on executive functions
as well. As division and multiplication tasks are
more similar to an automatized retrieval of
learned information, the cognitive processes
which pass while doing simple tasks in these
two calculation types do not correspond to
proper calculation (Imbo & Vandierendonck,
2007). In consideration of the fact that these
processes are not expected to decline in their
functionality with aging (Radvansky et al.,
1996), we expect the younger age group to not
show significantly better results than people of
the older age group.

As a third hypothesis in regard to the relation
between RAN and arithmetic, we suppose that
with a faster naming time of a participant, the
more arithmetic tasks will be solved correctly.
Thus, we expect the predictor effect of RAN for
arithmetic fluency to exist in adults as well, re-
gardless of their age group.

Lastly, we hypothesized that symbolic RAN-
tasks will show a higher correlation with arith-
metic in both age groups than non-symbolic
RAN. To predict arithmetic fluency in children,
non-symbolic RAN can be applied (Hornung et
al., 2017), but we expect changes in this rela-
tion in adults because of the amount of practice
of symbolic stimuli. (Gordon et al., 2021; Kopo-
nen et al., 2016).

2. Method

2.1. Partictpants

The sample of the study comprised 64 partici-
pants, divided into two independent subgroups.
The first subgroup consisted of 33 young adults
aged between 16 and 30 years, whereby 16
participants were female and 17 were male.
The average age of the younger subgroup was
M =21.03 (SD = 3.27) years. The second sub-
group consisted of 31 elderly adults aged be-
tween 60 and 85 years, whereby 13 partici-
pants were male and 18 were female. The
average of the elderly subgroup was M = 67.65
(SD = 5.52) years. The average age at large
was M =43.61 (SD = 23.90) years.

The study included people from various occu-
pational groups and with different qualification

levels. The majority of the study participants
had a general qualification for university en-
trance (N = 22) as the highest qualification. 21
participants had a completed vocational train-
ing. Slightly fewer, 13 participants had a com-
pletion of a university degree.

According to this, most of the participants were
students (N = 19), which was also visible in the
occupational group section. The most fre-
quently represented occupational group after
the student selection option, was service occu-
pations and salespersons, with a quantity of 12
people.

For a distinct majority of 84.4% of the partici-
pants, the native language was German. Ap-
proximately 71% of the participants indicated,
that they do not speak any second language,
while at least 18.8% stated French as their sec-
ond language. In addition, 81.3% of the 64 par-
ticipants were right-handed while the rest were
left-handed.

An exclusion criterion to participate in the study
was being diagnosed with Dyscalculia. There
were no participants who were being diag-
nosed with Dyscalculia in the past, taking part
in the study.

All participants had normal or corrected-to-nor-
mal visual acuity and have been informed
about the purpose of the study.

2.2. Measures

RAPID AUTOMATIZED NAMING TASKS (RAN).
First of all, six RAN tasks were administrated
using five recurring “quantities” ranging from 1
to 5 represented in digit form, in roman number
form, in dice form, in canonical finger configu-
ration, in non-canonical finger configuration
and in dot form. Both finger RAN tasks were in-
spired from Hornung et al. (2017). To our
knowledge, the roman number, the dots-RAN
and non-canonical fingers RAN-tasks have
never been used in prior research.

The stimuli of the test were randomly arrayed
in five rows of eight resulting in a total number
of 40 stimuli per RAN task. Participants had to
name the stimuli as fast as they can without do-
ing any mistakes. A stopwatch was used to
measure the time. The number of mistakes by
naming a false number was taken into account.
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In total we had a very low mean error rate of
0.49%.

Each of these RAN tasks was conducted twice,
with a different arrangement of the stimuli over
both trials. By doing so, we also aimed to avoid
possible memory effects of the participants.
This excludes the possibility that the first trial
was merely memorized and recited in the sec-
ond one. We controlled the order of presenta-
tion of the RANs by rotating the successive
RAN tasks, to prevent a possible bias in admin-
istration order. One administration order was
for instance the naming of dice, digits, canoni-
cal finger patterns, roman numbers, non-ca-
nonical finger patterns and dot patterns
whereas the next administration order started
with the naming of digits and ended with the
naming of dice patterns and so on. Before re-
cording reaction time of the participants, they
were asked to practice and name a row of five
stimuli corresponding to the following RAN
task. Between each task, participants had 15
seconds to rest. After practice, reaction times
were recorded on each RAN measure. For
each RAN task, the mean reaction times were
calculated over both trials and used as mean
RAN task performance in the statistical anal-
yses.

A test-retest reliability analysis was conducted
to determine the reliability of the RAN tasks
used in the study. Pearson’s correlation coeffi-
cient showed an excellent reliability between
the two test runs, r = .98 for all tasks con-
founded. A more detailed retest-reliability anal-
ysis revealed that the correlation between both
time points within each task was significantly
high [r= .89 ; r=.96], p = .00.

A reliability analysis was conducted as well to
determine the internal consistency of all six
measures of the RAN tasks. The internal con-
sistency was also excellent, a = .95.

ARITHMETIC SKILLS (TTR). The standardized
arithmetic test “Tempo Test Rekenen” (De Vos,
1992) was administrated to measure partici-
pants’ arithmetic performance. The test was
subdivided into five columns of 40 items each,
resulting in a total number of 200 items. Four
columns consisted of basic arithmetic opera-
tions such as addition, subtraction, multiplica-
tion and division. In the fifth column participants

were asked to solve a mixture of those four
basic arithmetic operations. The items continu-
ously increase in difficulty from single digit to
multidigit operations. The solutions of the items
did not exceed 99. Participants were requested
to solve the tasks as correct and as fast as pos-
sible within one minute. Between each column
participants had 15 seconds to rest. A reliability
analysis was conducted to determine the inter-
nal consistency of the items of the Tempo Test
Rekenen. The internal consistency level was
excellent, a =.927. Corresponding to the excel-
lent levels of reliability and internal consistency,
it can be noted that the RAN tasks and the TTR
test fulfilled the quality criterion of reliability.

QUESTIONNAIRE. At the end of the test session,
participants were asked to fill in a questionnaire
with items about general demographic infor-
mation (e.g., language and socioeconomic
background) and items investigating frequen-
cies of cognitive and free time activities such as
reading, crossword puzzles and physical activ-
ities.

2.3. Procedure

Participants were tested individually in a quiet
room inside their home by the same test admin-
istrator. All tasks were paper pencil. The partic-
ipants first completed the six RAN tasks and
then the arithmetic tasks. The test session
lasted about 20 minutes.

Informed consent was obtained for all partici-
pants and their parents' participants were mi-
nors (n = 2). The study was conducted in com-
pliance with national and European ethical
norms related to research with human partici-
pants.

2.4. Statistical analysis

All data analyses were performed with SPSS.
To investigate our hypotheses, we looked spe-
cifically at descriptive analyses such as mean
values and standard deviations, t-tests, one-
way MANOVA and correlations of the data col-
lected.
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All data was checked for outliers by conducting
an explorative data analysis, but no such were
found.

More in detail, two independent t-tests were
performed to find differences between the two
age groups regarding the tested variables i.e.,
performance in RAN and arithmetic. Errors
have not been evaluated and we will not con-
tinue to work with them because the error rate
was very low and they have been integrated
into the response time, as mentioned above.
As for the correlation analyses, both Spearman
and Pearson correlations were performed de-
pending on the scale level of the respective
variables treated. By performing correlation
analyses, we aimed to test for relationships be-
tween the individual variables which have been
collected either by the questionnaire or through
the tasks performed.

The questionnaire collected among others,
data on the leisure activities of our subjects.
Out of interest, we looked at the correlations
between these activities and the RAN and TTR
tasks. Except for reading frequency and riddle
solving, we had to further disregard data previ-
ously collected in the questionnaire, as we did
not have enough representatives of the differ-
ent response options to find meaningful re-
sults.

3. Results

As presented in Table 1, the younger age
group was faster in performing the RAN tasks
and showed more correct responses in the
arithmetic tasks.

An independent t-test was conducted for the
RAN performance in general. The Levene’s
test revealed that the variances of the two age
groups were not equal, p = .02. The results
show that the performance (i.e. faster reaction
times) of the younger age group (M=17.12, SD
= 2.13) is significantly higher, {(52) = -8.02, p
= .00, than the performance of the older age
group (M = 22.51, SD = 3.13). We can state
that the younger adults were faster in solving

the RAN tasks.
Table 1

An independent t-test was conducted for the
arithmetic tasks in general and the Levene’s
test revealed that the variances of both age
groups are equal. The results show that the
performance of the younger age group (M =
29.06, SD = 5.60) is significantly higher than
the performance of the older age group (M =
26.33, SD = 5.13), {(62) = 2.03, p = .047. We
can suggest that the younger age group solved
more correct arithmetic tasks than the older
age group.

Table 2 showed the performance differences of
both age groups in each RAN task. The con-
ducted one-way MANOVA revealed, that both
age groups were fastest in digit RAN and the
slowest in the non-canonical finger task. How-
ever, the younger age group was faster in all
RAN tasks, compared to the older age group.
A one-way MANOVA was conducted for the
arithmetic tasks to analyze the difference be-
tween the performances of both age groups
concerning addition, subtraction, multiplication,
division and mixed arithmetic tasks. Levene’s
test revealed an equality of variances in all
arithmetic tasks. We found that the younger
age group shows a significantly higher perfor-
mance in solving the addition (M = 33.27, SD =
3.65), F(1,62)=7.96, p = .006 and the subtrac-
tion tasks (M = 30.39, SD = 4.98), F(1, 62) =
7.01, p = .010, than the older age group in the
addition (M = 30.65, SD = 3.80) and the sub-
traction tasks (M = 27.03, SD = 5.19).

In regard to the multiplication and division tasks
we found that in the multiplication tasks the
younger age group (M =26.30, SD =6.98), F(1,
62) = .03, p = .853, does not differ significantly
from the older age group (M =26.00, SD =6.01)
and the younger age group (M = 26.88, SD =
8.07), F(1, 62) = 3.77, p = .057, does also not
differ significantly from the older age group (M
= 22.77, SD = 8.83) in the division task. Addi-
tionally, we found that the younger age group
(M = 28.45, SD = 6.10), F(1, 62) = 5.05, p
= .028 performed significantly better in the
mixed arithmetic task than the older age group
(M =25.19, SD = 5.46) (cf. Table 3).

Descriptive statistics of RAN and arithmetic performances for both age groups.

16-30 years

60-85 years
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N M SD N M SD
RAN tasks 33 17.12 2.13 31 22.51 3.13
TTR tasks 33 29.06 0.98 31 26.33 0.92
Table 2
One-way MANOVA for RAN performances for both age groups.
16-30 years 60-85 years
(N =33) (N =31)
M SD M SD F(1,62) p n?
Non-canoni-  20.52 2.64 28.20 3.45 100.77 <.001 .619
cal
Digit 11.97 1.84 15.17 3.29 23.35 <.001 274
Roman 16.72 2.63 20.64 4.90 16.15 <.001 .207
Dots 19.30 2.90 25.29 4.22 44.21 <.001 416
Canonical 19.86 3.06 27.33 3.65 78.91 <.001 .560
Dice 14.31 217 18.44 2.67 46.46 <.001 428

We ran a Pearson correlation to identify the
correlation between participants’ general RAN
and arithmetic performance. The Pearson cor-
relation coefficient was negative and highly sig-
nificant (r = -.59, p = .00). In this case we can
state that when a participant shows a better
performance in the arithmetic task i.e., more
right answers, he needed less time in the RAN
tasks. Concerning the correlations within the
RAN tasks, the Pearson correlation showed
that the dots task correlated the highest with
the composite score of the arithmetic tasks (r =
-.63, p = .00). All in all, we only had moderate
to high correlations between the RAN tasks
and the arithmetic tasks, as shown in table 4.

We also looked at the correlations in both age
groups in order to examine whether there were
differences in the relationship between RAN

and arithmetic regarding age. The Pearson cor-
relation coefficient revealed for the younger
age group a negative and very high correlation
between the RAN tasks and the arithmetic
tasks (r = -.70, p = .00). The Pearson correla-
tion coefficient revealed for the older age group
also a negative and high correlation (r = -.53, p
=.003).

Table 5 shows, that in the younger age group,
the arithmetic tasks correlate significantly the
highest with the roman number RAN and the
lowest with the non-canonical RAN.

In the older age group, the arithmetic tasks sig-
nificantly correlated the highest with the dots-
RAN and the lowest with the canonical RAN, as
shown in table 6. Only the non-canonical RAN
correlated even lower with the arithmetic tasks
but not significantly.

10
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Table 4
Pearson correlations between RAN and arithmetic (TTR) performances for both age groups.
N M SD 1 2 3 4 5 6
1 Non-ca- 64 2424 492 -
nonical
Digit 64 13.52 3.08 447 -
Roman 64 18.62 4.34 489** 761 -
Dots 64 2220 4.67 .565*** 594> 707 -
Canonical 64 2348 5.02 .780*** 529** .616*** .700***
Dice 64 16.31 3.18 .603*** .807*** TJ79* .678*** .651*** -
TTR 64 27.74 551 -.346** -.543%** -.534*** -.634*** -.460*** -.550***
Note: p <.05* p <.01 **and p <.001 ***,
Table 5
Pearson correlations between RAN and arithmetic (TTR) performances for the younger age group.
16-30 years N M SD 1 2 3 4 5 6
1 Non-canon- 33  20.52 264 -
ical
2  Digit 33 1197 1.84  .322 -
3  Roman 33 16.72 2.63  .599*** .665*** -
4 Dots 33  19.30 290  .492* .653*** .693*** -
5  Canonical 33 19.86 3.06  .742%** 454* .663*** .651%** -
6 Dice 33 14.31 217  .600*** 761 .863*** T78** .661*** -
7 TIR 33 29.06 560 -.421* -.668*** -.691%** -.680*** -.455** -.662***
Note: p <.05 % p <.01 **and p <.001 ***,
Table 6
Pearson correlations between RAN and arithmetic (TTR) performances for the older age group.
60-85 years N M SD 1 2 3 4 5 6
1 Non-canoni- 31  28.20 3.45 -
cal
2  Digit 31 1517 3.29 440* -
3  Roman 31  20.64 4.90 442~ .789*** -
4 Dots 31 2529 4.22 .532** 499** .720** -
5  Canonical 31 2733 3.65 T75%* 521* .601*** .687*** -
6 Dice 31 1844 2.67 570** .849*** .765*** .599*** .612%** -
7 TIR 31 26.33 513 -214 - 474 -475** -.599*** -.415* - 417

Note: p <.05 % p <.01 **and p <.001 ***,

We went into further detail and investi-
gated how the different RAN tasks cor-
relate with the individual arithmetic oper-
ations in both age groups. Table 7
shows, that concerning the younger age

group the roman number RAN and the
addition task correlate significantly the
highest. The canonical RAN and the
subtraction task correlate significantly
the lowest.
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Table 7
Pearson correlations between RAN and individual arithmetic operations (TTR) performances for the younger age group.
16-30 years 1 2 3 4 5 6 7 8 9 10
1 Non-canoni- -
cal
2  Digit 322 -
3  Roman 599 * 665" -
4 Dots 492* .653*** .693*** -
5  Canonical 7427 454 .663*** .651*** -
6 Dice .600*** . 761*** .863*** T78** .661***
7  Addition -.395% -.624** - 791**  -638***  -438* -.662*** -
8  Subtraction -.395% -.537** -.601***  -623**  -393* -.558** 8197 -
9  Multiplication -475*  -677**  -669***  -.696*** -492** -664**  .853**  .823***
10 Division -.407* -.661%**  -641**  -679"*  -418* -.634**  828*** 863" 916" -
11 Mixed -.293 -.608***  -596***  -536"* -.392* -.589***  770***  .855***  .853***  .868***
Note: p <.05 % p <.01 **and p <.001 ***,
Table 8
Pearson correlations between RAN and individual arithmetic operations (TTR) performances for the older age group.
60-85 years 1 2 3 4 5 6 7 8 9 10
1 Non-canoni- -
cal
2  Digit 440* -
3  Roman 422% 7897 -
4 Dots .532** 499** 7200 -
5  Canonical T75%* 521* .601*** 687 -
6 Dice 570** .849*** .765*** .599*** .612%**
7  Addition -473* -.401* -.343 -419* -.444~ -479**
8  Subtraction -.074 -.342 -.358 -.454* -.237 -.203 .599***
9  Multiplication -.191 -.499** - 472% -.564** -447* -.378* 570** TJ17 -
10 Division -.185 -.400* -.396* -.544** -.339 -.416* .630*** J77* 735 -
11 Mixed -.090 -.415* -.482** -.575** -.367* -.333 459* .651*** .738*** .783***

Note: p <.05 % p <.01 **and p <.001 ***,

Table 9
Pearson correlation between arithmetic performance (TTR), symbolic and non-symbolic RAN for both age groups.
16-30 years M SD 1 2
1 Symbolic 14.35 2.05 -
RAN tasks
2 Non-symbolic 18.50 2.32 .800*** -
RAN tasks
3 TTRtasks 29.06 5.60 - 745%* -.638***
60-85 years
1 Symbolic 17.90 3.89 -
RAN tasks
2 Non-symbolic RAN  24.82 3.04 T4 -
tasks
3 TTRtasks 26.33 5.13 -.501** -.492**

Note: p <.05 % p <.01 **and p <.001 ***,
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Another Pearson correlation was con-
ducted to investigate if there was a
higher correlation between arithmetic
and the symbolic RAN (digit, roman
numbers) or arithmetic and the non-
symbolic RAN performance (canonical,
non-canonical, dice, dots). Symbolic and
non-symbolic RAN performances re-
vealed negative and high correlations
with arithmetic performance (r=-.60 and
r=-.55, p =.00, respectively).

Here we went in further detail and con-
ducted a Pearson correlation for the
above-mentioned measure, to identify
the difference in both age groups. Table
9 showed that there are high and nega-
tive significant correlations between the
symbolic and the non-symbolic RAN in
regard to the arithmetic tasks for both
age groups.

In addition, a Spearman correlation has
been conducted to analyze the correla-
tion between the performance of the par-
ticipants in the arithmetic tasks and their
frequency of solving riddles. The Spear-
man correlation coefficient revealed that
there is no significant correlation be-
tween the frequency of solving riddles
and the performance in the arithmetic
tasks (p = .79). In this case we cannot
interpret this result any further.

Several Spearman correlations have
been conducted to investigate the corre-
lations between RAN performance and
the frequency of reading and of solving
riddles. In regard to the frequency of
reading the Spearman’s rho correlation
coefficient revealed that there was a
negative moderate correlation between
RAN performance and the participants
frequency of reading, (H =-49, p =.00).
We can state that the more the partici-
pants read, the faster they were in the
RAN tasks. Regarding the frequency of
solving riddles the Spearman’s rho cor-
relation coefficient revealed that there
was also a negative moderate correla-
tion between RAN performance and the
frequency of the participants solving rid-

dles, (0 = -.32, p = .00). This means that
participants who frequently solved rid-
dles, showed better RAN performance.

4. Discussion

The main goal of our research was to fo-
cus on differences between younger and
older adults in RAN and arithmetic per-
formance. In detail, we hypothesized
younger adults to be faster in their RAN
performance and to solve more addition
and subtraction tasks than older adults,
as these rely to a larger degree on exec-
utive functions that degrade with age
than multiplication and division tasks.
Therefore, we compared the number of
correctly solved tasks within the set time
of one minute. Furthermore, we hypoth-
esized a faster processing time in RAN
tasks to correlate with a higher number
of correctly solved arithmetic items in
both age groups. Lastly, we hypothe-
sized the relation between symbolic
RAN and arithmetic to be higher than be-
tween non-symbolic RAN and arithmetic
in adults. As a general result, all our hy-
potheses could be confirmed by our find-
ings.

In our sample, younger adults showed
significantly faster processing times in
all types of RAN compared to the older
age group. Given that RAN is a measure
of processing speed, the slower results
of older adults are in line with the age-
related decrease of the latter.

Both age groups showed the highest
performances in digit RAN, which is
hardly surprising considering the fact
that digits are the most common form of
representation for numeric information.
The slowest responding times were
measured in the non-canonical finger-
configuration task in both age groups as
well. This newly introduced task pre-
sents an unusual and not common fin-
ger-configuration which makes serial
naming less automatized (Hornung et
al., 2017).

We were also able to prove our assump-
tion in relation to the arithmetic perfor-
mances. Younger adults only solved
more arithmetic problems in the addition
and subtraction tasks. Older adults did
not solve significantly fewer division and
multiplication tasks. This might be drawn
upon the fact that the retrieval of the an-
swers to single-digit tasks is not affected
by aging effects. More specifically, the
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single-digit multiplication tasks are ex-
tensively studied from school age as
part of multiplication tables. Multiplica-
tion uses more retrieval than addition or
subtraction, which might explain our
findings. Although division requires less
retrieval than multiplication (Imbo &
Vandierendonck, 2007), we assume that
older people can still make use of re-
trieval for division tasks due to a longer
experience with arithmetic (Hinault & Le-
maire, 2016). However, the exact rea-
son for the lack of differences between
the age groups in the division tasks is
unknown and thus this only provides a
potential explanation. Furthermore,
there was a significant negative correla-
tion between RAN reaction times and
arithmetic performance. It can be stated
that the predictor function of RAN which
has been observed in children may also
be found in adults across different age
groups. In younger adults the correla-
tions were more pronounced than those
in the older age group. Previous studies
usually relied on color and object RAN
when measuring non symbolic RAN.
More specifically, in children the rela-
tionship between arithmetic and RAN
was especially high between arithmetic
and non-symbolic RAN relying on nu-
meric stimuli such as finger configura-
tions and dice pattern. Therefore, we ad-
ministered non-symbolic RAN tasks that
involved numeric stimuli such as dice,
canonical and non-canonical finger con-
figurations and dots, in order to test
whether and how these correlations may
change over the lifespan. As suggested
in the introduction, our results show that
symbolic RAN (digit and roman number
RAN) correlated the highest with arith-
metic in both age groups due to a long-
term practice with symbolic stimuli like
numbers. Concerning the roman num-
bers, we cannot assume that the amount
of practice of these stimuli is comparable
to the practice of digits. Nevertheless,
our results showed similar correlations
for roman numbers as they did for digits.
This relation appears to be different
when the RAN tasks are considered in-
dividually. Our results revealed that the
non-symbolic dots-RAN shows the high-
est correlation with arithmetic over the
total sample. Since the dots-RAN

requires a small calculation operation ra-
ther than an automatized retrieval, it
seems that this RAN task has a good
predictor ability for arithmetic fluency.
When we analyzed the correlation be-
tween the different RAN and arithmetic
tasks, we found interesting results. In
the younger age group, the correlation
between roman numbers and addition
was the highest. As mentioned before,
simple addition tasks use up to 88% re-
trieval (Imbo & Vandierendonck, 2007),
which might support our findings. Con-
trary to our expectations, the highest
specific correlation in the older age
group was found between dots-RAN and
multiplication. This seems to be less ob-
vious, since the dots tasks are rather
similar to a small addition operation.
While executing the dots-RAN, the sin-
gle dots are grouped into larger units
and then added together, which does
not resemble a multiplication operation.
This aspect needs to be analyzed more
extensively to detect possible reasons
for this relation.

All in all, the newly introduced RAN-
tasks (roman numbers, dots and non-ca-
nonical fingers) appeared to be a good
complement to the existing ones. How-
ever, the non-canonical RAN only
showed significant correlation with arith-
metic in the younger age group. It was
also the task with the slowest reaction
times regardless of the participants’
age. Thus, this task has to be reviewed
further in regard of its possible applica-
tions.

The questionnaire was used to enquire
further information, such as demo-
graphic and socioeconomic data. We
also wanted to collect information about
leisure activities, like the frequency of
reading and solving riddles and if there
is a relation to the RAN tasks. The sig-
nificant correlation between the fre-
quency of reading and the RAN perfor-
mance is obvious since this correlation
has already been shown several times.
It is positive that the correlation also per-
sists for numerical RAN tasks, which
supports their good functionality. Re-
garding other leisure activities, no signif-
icant correlations could be found, so we
did not investigate these analyses fur-
ther.
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5. Limitations and Out-
look

We investigated the differences in RAN
and arithmetic tasks in two different age
groups. One limitation of the present
study is that the sample size was rela-
tively small for the younger (N = 33) and
the older age group (N = 31). A larger
sample size would strongly support our
findings in general. Nevertheless, our
study can lay a valuable foundation for
further research. As a second limitation
could be mentioned that a standardisa-
tion was not totally fulfilled because the
external conditions were not the same
for the participants as the study was con-
ducted at the participants’ home. Fur-
thermore, the administration of the tasks
could have minimal deviations as the
time was stopped by hand. Neverthe-
less, it was determined that the time was

only stopped from the mention of the first
symbol in the RAN and the first response
in the arithmetic tasks. Thereby we tried
to standardise the tasks for all partici-
pants at least. A better way to collect
data would be to administrate the tasks
under laboratory conditions. In addition,
it has to be noted that the data of the
guestionnaire is based on the partici-
pants’ own statements, thus subjective.
Therefore, one has to be careful in inter-
preting the results. Most importantly, we
suggest for further studies to distinguish
between single- and multi-digit tasks in
arithmetic as they require different cog-
nitive processes. The multi-digit calcula-
tions rely less on retrieval and thus age-
related effects could be expected in all
types of arithmetic operations. All in all,
this study provides valuable findings
which can lay a foundation for further re-
search within the domain of RAN and
arithmetic throughout adulthood.

Appendix 1
Table 3
One-way MANOVA for specific arithmetic performances for both age groups.
16-30 years 60-85 years
(N =33) (N =31)
M SD M SD F p n?
Addition 33.27 3.65 30.65 3.80 7.96 <.01 114
Subtraction 30.39 4.98 27.03 5.19 7.01 <.05 102
Multiplication 26.30 6.98 26.00 6.01 0.03 .853 .001
Division 26.88 8.07 22.77 8.83 3.77 .057 .057
Mixed 28.45 6.10 25.19 5.46 5.05 <.05 .075
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The brain on numbers - The relation between numerical
formats probed with electroencephalography

Zuzana Brandt, Leon Erich Geibel, Jonna Krier, Anton Franz Lachmann, Aurélie Ma-
rochi, Franziska Wagner

Supervision: Dr. Mila Marinova

The integration of numerical formats and discrimination between them in the brain are a highly de-
bated topic in the field of neurocognitive research. It is assumed that adults have two different num-
ber processing systems, a symbolic one, which processes symbols, for instance letters or Arabic
digits and a non-symbolic one. Previous studies in this field showed that adults, depending on the
notation, are capable of integrating the different numerical formats. However, the question whether
kids are also capable of unintentional spontaneous cross-format numerical integration has not been
systematically investigated yet. Therefore, the study’s participants (n = 8) are German-speaking kids
aged between 7 and 12. A cross-sectional design with frequency-tagged EEG technique is used. An
oddball design with numbers smaller than five as standard stimuli and numbers larger than five as
deviant stimuli was applied. Participants‘ neural activity in 12 different conditions, 3 single notation
trials (digits, words, dots) and 3 mixed notation trials (digits-dots, words-dots, words-digits) was
measured. For each notation there was an experimental and a control condition. Significant oddball
responses were observed in the single notation trials, supporting the hypothesis of an unintentional
integration between small and large numbers in children. Furthermore, as significant responses were
also found in the mixed notation trials, implying kids are able of integrating numeral information
across different numerical formats, the second hypothesis is also supported and in line with previous
findings in adults (Marinova et al., 2021).

Key words: children, frequency-tagged EEG, numerical integration, oddball design

Therefore, in the current study we aim to inves-
tigate the neuro-cognitive underpinnings of nu-
merical integration in children aged between 5
and 12.

Introduction

Numerically literate people have at least three

ways of representing numbers: as Arabic nu-
merals (e.g.“3”), as number words (e.g.
“three”), and as a collection of items such as
dot arrays (e.g. “@ @ ®”). The relation between
different numerical formats and their underlying
brain mechanisms is a highly discussed topic in
psychological research. So far, most studies on
this topic have been conducted on adults. Find-
ings suggest that adults can relate and inte-
grate different number notations (digits, dots,
number words). How young children process
the different numerical formats, however, has
not been systematically investigated yet.

Traditional research on numerical cognition has
shown that there exist two main systems that
children and adults use to connect non-sym-
bolic and symbolic numerical stimuli and sym-
bols. These two systems are the Approximate
Number System (ANS) and the Object Tracking
System (OTS), also known as the parallel indi-
viduation system (Reynvoet & Sasanguie,
2016). To start with, the Approximate Number
System refers to a non-verbal and analogue
representation of numbers which means that
the non-symbolic representation of numbers is
not precise. Other than that, in the Object
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Tracking System the representation of num-
bers is precise but there is a limited capacity of
this system (up to three or four). Because the
ANS has an unlimited capacity for representing
numbers, it is called the main center for the rep-
resentation and correlation of numbers and led
the researchers to the ANS theory.

The ANS theory says that the non-symbolic
processing of numbers is inborn. The non-sym-
bolic representation of the number is processed
by an automatic valuation of the quantity of the
numbers represented. The theory asserts that
physical characteristics do not have an impact
on the processing of numerical stimuli. A mod-
ern alternative to this theory is the ANS map-
ping account. Following this, researchers as-
sume that the processing of symbolic numbers
is closely linked to the processing of the match-
ing non-symbolic numbers. This means that for
adults the numerosity (i.e., the number of stim-
uli in a set) is automatically assigned to the ap-
propriate number (van Hoogmoed et al., 2021)

Another study, also conducted by Marinova et
al. in 2021, tested the automatic integration of
numerical formats in students aged between 18
and 25. The relation between symbolic and
non-symbolic numbers is located in an area in
the parietal brain along the Intra Parietal Sulcus
(IPS). In this study, an EEG (electroencephalo-
gram) was used to record brain responses from
participants in different tasks. The participants
completed different tasks. To investigate the
automatic integration of numerical magnitude
and the relation between numerical formats,
there were single notation trials (only number
words, digits, or dots) and mixed notation trials
(words-dots, words-digits and digits-dots). In all
experimental trials, numbers smaller than five
(1,2,3,4) were presented as standard stimuli
whereas numbers larger than five (6,7,8,9)
were presented as deviant stimuli. With this de-
sign in the single notation trials, it was investi-
gated whether there is an automatic integration
of small and large numbers. For the experi-
mental condition every 5th stimulus was an
oddball stimulus and for the control condition
there is a randomized order of numbers pre-
sented. The stimuli were presented with a fre-
quency of 10 Hz. The findings of this study

show that there were responses recorded in the
posterior scalp in the experimental conditions.
The results of these study showed that there
are significant brain responses for number
words-digits and number words-dots but not for
dots-digits. They also show that there is no au-
tomatic integration between digits and dots.
Nevertheless, brain responses for the magni-
tude of number words and the magnitude of
digits are automatically extracted. In general,
the study supports the hypothesis that adults
can spontaneously integrate numbers between
different formats (Marinova, Georges, et al.,
2021).

In our study, we focus on children and not on
adults. We cannot find any studies for children
on this topic yet. However, the behavior of chil-
dren when relating between the different nu-
merical formats has already been studied.
While the neuro-cognitive research on numeri-
cal integration in children is rather sparse, indi-
cation of how children relate the different nu-
merical formats, can be found in behavioral
developmental literature. Previous studies
have identified two models for numerical inte-
gration in children(Benoit et al., 2013; Hurst et
al., 2016; Jiménez Lira et al., 2017; Marinova,
Reynvoet, et al., 2021).The “quantity account”
which says that children first learn how to trans-
late between number words and dots (i.e.
“three” = “@ @ @) and digits and dots (i.e., “3”
= “@ @ @) and then later they combine these
two and start to map between number words
and digits (“three” = “3”).

The second account to name is the “symbolic
account” which assumes that children first learn
to translate between number words and dots
(“three” = “* @@ ®“) and number words and
digits (“three” = “3”) and then later they combine
these two and are able to map between digits
and dots (“3” = “ @ @ @) (Marinova, Reynvoet,
et al., 2021).

Even though there aren't any studies yet on
children’s brain responses to numerical for-
mats, a study was recently conducted by Mari-
nova et al. (2021), focusing on how kindergar-
ten children (aged between 2 and 5) relate the
different numerical formats. These findings
show that children experience difficulties when
mapping between digits and dots. That means
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that they have struggles with comparing digits
and dots. It seems that they do not have prob-
lems with mapping digits and number words or
number words and dots. That means that chil-
dren can easily compare number words with
digits or dots. Consequently, the authors inter-
preted this as evidence for the symbolic ac-
count. Children used the number words and
their relation to digits and dots to map between
digits and dots. This study is relevant for our
study in order to see whether the fact that chil-
dren have struggles with mapping between dig-
its and dots is also shown in their brain re-
sponses. Besides, we are interested in whether
these findings are only behavioral related or
also neurological related.

Unfortunately, there is a lack of evidence in
neurocognitive studies in children using EEG.
Therefore, the automatic cross-format integra-
tion in children is not investigated enough. On
a behavioral level, there are some results which
were mentioned before. On a neurocognitive
level, in fact the only proof we can extract is
from the study conducted by Van Hoogmoed et
al. in 2021. This study investigated, with the
use of an EEG, whether the ANS theory and
the ANS mapping account declare how children
aged between 9 and 12 process the non-sym-
bolic numerosity and the symbolic number.
They found out that the visual characteristics of
the non-symbolic stimuli are processed more
automatically by the children than the count of
the stimuli themselves. They also found out that
activating the non-symbolic numerosity is not
automatically activated by the children to pro-
cess symbolic numbers (van Hoogmoed et al.,
2021). Nevertheless, further research is
needed to provide more details on the neu-
rocognitive mechanisms of number processing
in children. To the best of our knowledge, there
are no studies yet that are systematically inves-
tigating the neurocognitive mechanisms of
within and cross-format numerical processing
in children. This is precisely the aim of the cur-
rent study.

In our study, we investigated the brain re-
sponses in children aged between 5 and 12 (n
= 9). Similar to the study conducted by M. Mari-
nova et al. in 2021, the brain responses of the

participants were recorded by using EEG tech-
nique.

The methods used for this study were also sim-
ilar to the study conducted by M. Marinova et
al. in 2021. The participants completed different
tasks. There were single notation trials (only
words, digits, or dots) and mixed notation trials
(words-dots, words-digits and digits-dots). In all
experimental trials, numbers smaller than five
(1,2,3,4) were presented as standard stimuli
whereas numbers larger than five (6,7,8,9)
were presented as deviant stimuli. With this de-
sign in the single notation trials, we investigated
whether there is an automatic integration of
small and large numbers. For the experimental
condition every 5th stimulus is an oddball stim-
ulus and for the control condition there is a ran-
domized order of numbers presented.

H1: We assume that if children automatically
discriminate small vs. large numbers, we
should receive significant oddball responses in
the single notation trial.

H2: Furthermore, we suppose that if there was
an automatic integration across numerical for-
mats, we should obtain significant oddball re-
sponses in the mixed notation trials too.

Methods

Sample

The study was designed as a pilot study for a
larger project and therefore only a small num-
ber of participants was sufficient. Our target
group was primary school children aged 5to 12
years with normal or corrected-to-normal vi-
sion. It was required that participants were
schooled in German or that German was their
native language. Parents were invited to ac-
company their children. As a compensation of
participation, children received a small gadget,
a book voucher of 15 euros, a picture with the
cap during the EEG examination and a printed
certificate of their participation.

All participants invited matched our require-
ments (age: M =9,88; min=7; max =12; SD =
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1,46) and no one was excluded due to any
medical or neurological conditions or any form
of learning difficulties. Recruitment yielded a to-
tal of 6 boys and 3 girls, and none of the chil-
dren were excluded because of poor perfor-
mance on the experimental tasks. After the
data verification, we ended up with 8 correct
data processing because one participant's test
output showed some technical issues. In addi-
tion, all restrictions and rules related to COVID-
19 were considered and were followed in the
experiment.

Participants were recruited on a private basis
and included our siblings, children, and their
friends. The children's parents or legal guardi-
ans received an information sheet and consent
form in advance and gave us their consent by
signing and completing the documents. The
children also gave their verbal consent. Our re-
search project and all related documents were
approved by the Ethics Committee of the Uni-
versity of Luxembourg before recruitment.

Task description and procedures

The children were tested in November at the
premises of the University of Luxemburg in the
presence of an examiner and a research assis-
tant. During the testing phase, children per-
formed a total of four tasks (two behavioral, one
EEG, and one paper and pencil task).

TTR Task

The TTR task was used as a control measure-
ment of mathematical abilities. Towards the
end of the testing session, children were asked
to complete a short math test in which they had
one minute to complete as many tasks as they
could on a single page without skipping any ex-
ercise. There were 5 pages with different tasks
(addition, subtraction, multiplication, division
and all mixed). The researcher assisted the
participant and took the time. This task meas-
ured very basic math competences needed to
complete the EEG task. The time needed to
complete this exercise was about 5 minutes.

Reading ability task

This task aims to ensure that the children could
read the number words presented at a fast rate,
similar to the frequency presentation in the
EEG task. The stimuli for this task consisted of
German number words from one to nine. Each
trial started with a 500ms fixation cross, fol-
lowed by a number word presented on the
screen for 166ms. After that, an inter-trial inter-
val of 1500ms followed and then the next trial
started. The participants’ task was to read the
word aloud as soon as they saw it. The exam-
iner noted down whether the child responded
correctly. There were 27 trials (nine number
words, each presented three times). There
were no training trials. PsychoPy software was
used to present the stimuli. This task took ap-
proximately 5 minutes to complete. The partici-
pant sat at a distance of about 1m from the
screen.

Number matching (behavioral) task

Participants had to judge whether two numbers
displayed simultaneously on the screen were
same (e.g., “2” “two”) or different regarding their
magnitude (e.g., “2” “four”). The stimuli were
numbers from 1 to 9 presented as digits, num-
ber words, or dots in three cross-format condi-
tions: 1) digits and words, 2) digits and dots,
and 3) dots and words. Each trial began with a
500ms fixation cross in the center of the screen,
followed by two numbers appearing simultane-
ously on the screen for 1500ms. Children had
to answer whether the two numbers were the
same or different by pressing a yellow (right ar-
row) or a blue (left arrow) key on a QWERTU
keyboard. Responses were collected during
the presentation of the stimuli up to 2000ms.
Then, the next trials started after a 1500ms in-
ter-trial interval. Prior to testing, children re-
ceived 10 training trials with immediate feed-
back on the correctness of their performance.
These were followed by 24 experimental trials
without any feedback. The cross-format combi-
nations were presented in three blocks of 24 tri-
als in three different combinations. Written in-
structions were displayed on the screen prior to
the trial and were also explained by the re-
searchers to ensure they were understood
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correctly. The task took approximately 5
minutes to complete.

EEG task

The EEG data were acquired at 512 Hz using
64 channels, positioned according to the inte-
grational 10-20 system(van Hoogmoed et al.,
2021). In addition, two eye electrodes were at-
tached to the participant's left eye. Data from
these electrodes were not analyzed and data
was not corrected for eyeblinks. The electrode
offset was held below 40 microvolts. During the
actual task, participants were seated comforta-
bly at an approximate distance of 1m from the
computer screen. Children were asked to look
at the computer screen while sequences of
numbers in different formats in six combina-
tions appeared: 1) only digits, 2) only dots, 3)
only words, 4) digits and words, 5) digits and
dots and 6) words and dots. Sequences were
presented at a standard rate of 6Hz (6 stimuli
per second), and each 5" stimulus (i.e. at 1.2
Hz) was a deviant stimulus. Each combination
had an experimental and a control condition.
The experimental condition contained oddball
stimuli. The standard stimuli were always num-
bers smaller than five and the oddball stimuli
were numbers larger than five (see figure). For
the control condition, the presentation of num-
bers was random. Each task sequence lasted
44s, including 2s of gradual fade in, 40s of stim-
ulation, and 2s of gradual fade out phase. The
fade in and fade out phases were excluded
from analysis. Each sequence was presented
two times resulting in a total of 24 trials. The
sequences were presented in a randomized
blocked design in which all trials of the same
notation were presented in one block (e.g., two
trials digits experimental, followed by the two
control trials). However, the presentation of the
block and the order of the experimental and
control conditions was counterbalanced across
participants in a Latin square design. To ensure
that children constantly focused on the screen,
we asked them to complete a simple task. A
small blue square was displayed in the center
of the screen, and children were asked to press
the space bar each time the color of the square
changed to red. The square changed its color
eight times at random intervals during the

sequence. Overall, the children correctly recog-
nized the colour change 90% of the time. The
completion of this task took around 25 minutes.
Due to the high concentration and possible eye
fatigue, the children were allowed to take a
break or drink water. After the last sequence,
the cap with the electrodes was removed and
the children were asked to wash, shampoo and
dry their hair.

Single notation - Digits (Experimental)
1 3 2 1 7 3 4 2 2
Single notation - Digits (Control);
3 7 6 9 a4 1 8 2 3
Mixed notation - Words - Digits (Experimental)

vier zwei 1 drei 9 eins 4 3 zwei

Mixed notation - Words -Digits (Control)

3 7 sechs 9 eins  zwei 5 drei 7

166.7 3334 500.1 666.8 833.5 1000 Timeinms

Figure 1: Visual example of experimental and con-
trol trials presented during the EEG task
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166.7 3334 500.1  666.8 8335 1000 Time in ms

& ANA N/ “‘J\ [\ N 1 /\ / \ w“ “\‘ )
\V VYV VV vV VV Y VY VVY VY VN _

J ! VAR VALY B 2R
12 24 36 48 6
Time in ms

166.7 3334 500.1 666.8 8335 1000

Figure 2: Depiction of paradigm and expected brain
responses below

Results

Performances in the preliminary tasks and EEG
data of n = 8 (corrected) children were ana-
lyzed.

In the TTR task, participants scored an average
of M = 90 of 200 points (SD = 33.34). A
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significant positive correlation with a large ef-
fect between participants’ age and their TTR
scores was found (r=0.74, p = 0.035). Not sur-
prisingly, this indicates that older children tend
to perform better than younger children.

Results of the reading ability task show that all
children responded with an accuracy of 100%
(M =1, SD = 0). None of the children made any
mistake. This means that all children were ca-
pable of reading the shortly presented words
(166ms-like in the EEG task) fast enough.

In the number matching task, children re-
sponded with an accuracy of 74%. They per-
formed best in the words and digits (M = 0.82,
SD = 14) and worst in the dots and digits trials
(M =0.68, SD = 0.24). The mean in the words
and dots trials equals M=0.71 (SD = 0.10).
These findings would indicate that this task was
easiest for children when only symbolic nota-
tions were used. When symbolic and non-sym-
bolic formats are mixed, children perform worse
on average. A repeated measures ANOVA',
however, shows that there is no significant
main effect of notation (see values below).

Accuracy scores of the number matching task
were submitted to a 2x3 repeated measures
ANOVA with notation (digits-dots vs words-dots
vs words-digits) and trial type (same vs differ-
ent) as within subject factors. In the repeated
measures ANOVA no main effect of notation
was found, F(2,14) = 3.03, p = 0.08, n,? = 0.3.
Neither was a main effect of Trial Type found,
F(1,7) = 1.94, p = 0.21, np? = 0.22. However, a
marginally significant interaction between nota-
tion and trial type was found, F(2,14) = 3.78, p
= 0.049, n,?> = 0.35. In a post-hoc comparison
test with Bonferroni correction no significant p-
values were found. This only marginally signifi-
cant effect indicates that the effect of notation
on amplitudes recorded is influences by the trial
type, so whether the numbers’ magnitude was
the same or different.

All'in all, the three preliminary tasks were com-
pleted sufficiently by all eight children. Their

"Despite the small sample, an ANOVA was preferred
over non-parametric tests for training purposes. This

reading and arithmetic abilities meet the re-
quirements for the completion of the EEG task.

EEG task

The EEG data was analyzed using Letswave 6.
For all further analyses we used the baseline-
corrected amplitudes.

In figure 3, four exemplary oddball topogra-
phies from our study are depicted. These to-
pographies show neural activity at the deviant
frequency meaning the oddball stimulation rate
(1.2Hz) and its harmonics (2.4Hz, 3.6Hz,
4.8Hz). The red coloring indicates pronounced
amplitudes in the signal at the oddball stimula-
tion rate. The amplitudes on which the coloring
of the different regions is based are baseline-
corrected which means that the event related
potentials (manipulation through oddballs) are
subtracted from the baseline activity (internal
events).

The two upper topographies show the single
notation dots and the ones underneath the
mixed notation words and dots. Experimental
conditions are displayed on the left and control
conditions on the right. Red coloring can be
seen in the experimental condition only and is
concentrated in the back of the brain. Even
though the EEG-technique does not allow to
exactly allocate neural activity to specific brain
areas, it can help to define regions of interest.
With the help of the topographies at hand, we
grouped electrodes of the posterior scalp and
defined medial-occipital (O1, 1z, Oz, 0O2), left
occipito-parietal (P5, P7, P9, PO7) and right oc-
cipito-parietal (P6, P8, P10, PO8) as our three
regions of interest. We will focus on these re-
gions in our further analysis of neural activity.

The spectrum graph (figure 4) shows record-
ings from the single notation dots experimental
condition in the medial occipital region. In all
conditions, experimental and control, we ob-
served a clear response at the standard fre-
quency of 6Hz indicating that the stimulation
worked and that children looked at the screen.

must also be considered for the tests still to follow when
analyzing the EEG data.
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Furthermore, we also observed smaller but
clear peaks at the oddball stimulation rate of
1,2Hz and its harmonics (2.4Hz, 3.6Hz, 4.8Hz)
in the experimental condition. There were no
peaks at this frequency observed in the control
condition. This indicates that our oddball design
worked and thus, children’s neural responses
were higher when they were presented the de-
viant stimuli. However, to find out whether
these higher amplitudes in the signal were ac-
tually significant, we performed a repeated
measures ANOVA.

Notation: Dots

1 \ 1 \
\ [} \ /
- ’ - - L]

Oddball topographies: experimental (left) vs. control (right)

Notation: WordsDots

i \
\ /
- -

Oddball topographies: experimental (left) vs. control (right)

Figure 3: oddball topographies: sum of baseline-
corrected amplitudes n = 8
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Figure 4: spectrum graph of experimental
condition dots in the medial-occipital brain region

Single notation conditions

The obtained EEG data was baseline corrected
in order to analyze the oddball responses. A
2x3x3 repeated measures ANOVA was con-
ducted to compare means for the single nota-
tion conditions. The within-subject-factors were
condition (experimental vs control), notation
(digits vs words vs dots) and region of interest
(left occipito-parietal vs right occipito-parietal vs
medial occipital). Whenever Mauchly’s test of
sphericity indicated that the assumption of
sphericity is violated, the Greenhouse-Geisser
correction was applied.

Mazn effects

There was a main effect of condition in the sin-
gle notation, F(1,7) = 41.33, p <.001, ny? = 0.86
with experimental conditions yielding signifi-
cantly stronger amplitudes than control condi-
tions, pwont < .001. The comparisons of experi-
mental conditions to control conditions are

1.5 Condition

experimental
@ control

Condition

experimental
® control

T

Baseline corrected amplitudes

LoP MO

ROI

ROP
Notation: Words Notation: Dots

Condition 0.8 Condition

Experimental
@ Control
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LOP
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ROI

ROP
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LOP=left occipito-parietal

MOsmedial occipital

ROP=right occipito-parietal

Figure 5: JASP-output, graphic representation of 2x3x3 repeated measures ANOVA
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depicted in figure 5. There was no significant
main effect of notation, F(1.16,8.14) = 4.64,
pGG = 0.06, , np? = 0.40. There was no signifi-
cant main effect of region of interest either,
F(2,14) = 0.25, p = 0.78, , n,> = 0.03.

First-ovder interactions

There was no significant notation x condition in-
teraction, F(2,14) = 2.04 , p = 0.17, , np? =
0.226. Furthermore neither the notation x re-
gion of interest interaction F(4,28) = 0.91 , p =
0.47, , np2 = 0.12 nor the condition x region of
interest interaction F(2,14) = 0.09, p = 0.92, n,?
= 0.01 was significant

Second-order intevaction

The three way interaction notation x condition x
region of interest was not significant F(4,28) =
2.37, p = 0.08, ny? = 0.25.

Mixed notation conditions

The obtained EEG data was baseline cor-
rected. A 2x3x3 repeated measures ANOVA
was conducted to compare means for the
mixed notation conditions similarly to the single
notation conditions. The within-subject-factors
were condition (2 levels), mixed notation (3 lev-
els) and region of interest (3 levels).

Mazn effects

Similar to the single notation, there was a main
effect of condition in the mixed notation, F(1,7)
= 9.71, p < .05, ny? = 0.58 with experimental
conditions yielding significantly stronger results
than control conditions, peont < .05. There was
no significant main effect of notation, F(2,14) =
1.57, p = 0.24, n,®> = 0.18. There was also no
significant main effect of region of interest,
F(2,14) = 0.26, p = 0.78, np? = 0.04.

First-ovder interactions

There was no significant notation x condition in-
teraction, F(1.22, 8.57) = 1.56, pGG = 0.25, n,?
= 0.18. The notation x region of interest inter-
action F(4,28) =1.52 , p = 0.22, n,*> =0.18 was

not significant. The condition x region of inter-
est interaction was also not significant, F(1.19,
8.34) =0.11, pGG = 0.80, ny* = 0.02.

Second-order intevaction

The interaction notation x condition x region of
interest was not significant, F(4,28) = 1.85, p =
0.15, n,? = 0.21.

Discussion

This study was designed to examine first,
whether children can spontaneously and unin-
tentionally discriminate between small and
large numbers within a numerical format (e.g.,
digits, words, dots), and second if there is an
automatic integration across numerical formats
(i.e., digits —words, digits — dots, dots — words).
If this was the case, then significant oddball re-
sponses in the mixed notation trials should be
present. These hypotheses were tested by the
EEG frequency-tagged technique.

The results for the single notation trials ob-
tained by a repeated measures ANOVA
showed that there is a main effect of condition
indicating that significant oddball responses
were recorded in the experimental trial. This
means that when comparing the experimental
with the control condition, when participants
were presented the deviant stimulus, they (>5)
had higher neural activity across the posterior
scalp which leads to the assumption that there
is an automatic discrimination between small
and large numbers in children. This result is ob-
tained in every single notation control condition,
no matter of the type of notation. It is possible
to infer that as early as seven years old, chil-
dren are capable of processing the semantic of
numbers rapidly. However, the results did not
show any significant interaction between nota-
tion versus condition, conditions versus region
of interest, and notation versus region of inter-
est.

On the same line, the results obtained for the
mixed notation trials also show that children are
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capable of integrating the semantic numerical
information within different numerical formats
(i.e., word numbers, dots and Arabic numerals),
as significant oddball responses were found in
the digits—words and words—dots conditions.
These findings lead to the conclusions that the
experimental condition also showed higher
neural activity when compared to the control
condition in the mixed notation trials when pre-
sented the deviant stimulus (>5). Concluding,
as a result, there is evidence to support that
children are capable of integrating different nu-
merical formats across numerical formats. Re-
garding the effect of notation and region of in-
terest, there was no significant main effect.

Even though it was not statistically significant,
lateralization of the results was found in this
study on the experimental condition. First, ana-
lyzing the results for dots, pronounced ampli-
tudes were found in the medial occipital region
of the brain with the oddball stimulation. Sec-
ond, when presented word numbers, the ampli-
tudes were higher on the left occipital region of
the brain. And finally, with digit numbers the lat-
eralization of the results was placed in the right
occipital region.

In addition, the results obtained in this study
with children are in line with previous studies
with adults, for instance in Marinova et al.,
2021. In this previous literature the results
pointed a significant magnitude-related oddball
response within all the experimental conditions,
however, no response in the control condition.
This means that all participants in the study
(Marinova, Georges, et al., 2021) could differ-
entiate the different number notations. On the
hand, their results on mixed notation trials
showed significant oddball responses in some
crossed notation trials as, digit-words and
word-dots, but not with dots-digits. They also
concluded that there is evidence that digits-
words and words-dots are easily integrated,
forming an abstract representation.

A limitation of this study is the small sample
size of eight participants only. In the field of
neuroscience research, low statistical power
(brought by restricted data) is usually a com-
mon problem. This condition reduces the

probability that a statistically significant result is
trustable. A study in this field was conducted
(Button et al., 2013), showing that the average
statistical power of studies in the neurosci-
ences is very low. Considering that, some con-
sequences come along with a small sample
size, such as overestimating the effect size and
low reproducibility of the results. In further stud-
ies a vaster sample should be used for the anal-
ysis, making it possible to draw valid and robust
conclusions in this research area. However, de-
spite the limitations, this study is the first one in
this research area showing rapid and uninten-
tional processing of single and mixed format tri-
als in children by using the Frequency-tagged
EEG methodology. Additionally, it is possible to
exclude unintended effects on the EEG data
due to serious reading or arithmetic difficulties
of children, since all participants performed suf-
ficiently high in the preliminary tasks.

In sum, the findings in this study, show that chil-
dren could automatically and spontaneously
discriminate small and large numbers, and also
integrate different number notations that were
presented to them. Results support our two hy-
potheses that were settled in the beginning of
the research.

References

Benoit, L., Lehalle, H., Molina, M., Tijus, C., &
Jouen, F. (2013). Young children’s map-
ping between arrays, number words,
and digits. Cognition, 129(1), 95-101.
https://doi.org/10.1016/j.cogni-
tion.2013.06.005

Button, K. S., loannidis, J. P. A., Mokrysz, C.,
Nosek, B. A., Flint, J., Robinson, E. S.
J., & Munafo, M. R. (2013). Power fail-
ure: Why small sample size undermines
the reliability of neuroscience. Nature
Reviews. Neuroscience, 14(5), 365-376.
https://doi.org/10.1038/nrn3475

Hurst, M., Anderson, U., & Cordes, S. (2016).
Mapping Among Number Words, Nu-
merals, and Non-Symbolic Quantities in
Preschoolers. Journal of Cognition and
Development, 18.
https://doi.org/10.1080/15248372.2016.1
228653

26



Brandt, Erich Geibel, Krier, Franz Lachmann, Marochi, Wagner — The brain on numbers

Jiménez Lira, C., Carver, M., Douglas, H., &
LeFevre, J.-A. (2017). The integration of
symbolic and non-symbolic representa-
tions of exact quantity in preschool chil-
dren. Cognition, 166, 382—-397.
https://doi.org/10.1016/j.cogni-
tion.2017.05.033

Marinova, M., Georges, C., Guillaume, M.,
Reynvoet, B., Schiltz, C., & Van
Rinsveld, A. (2021). Automatic integra-
tion of numerical formats examined with
frequency-tagged EEG. Scientific
Reports, 11(1), 21405.
https://doi.org/10.1038/s41598-021-
00738-0

Marinova, M., Reynvoet, B., & Sasanguie, D.
(2021). Mapping between number nota-
tions in kindergarten and the role of
home numeracy. Cognitive Develop-
ment, 57, 101002.
https://doi.org/10.1016/j.cog-
dev.2020.101002

Reynvoet, B., & Sasanguie, D. (2016). The
Symbol Grounding Problem Revisited: A
Thorough Evaluation of the ANS Map-
ping Account and the Proposal of an Al-
ternative Account Based on Symbol-
Symbol Associations. Frontiers in Psy-
chology, 7, 1581.
https://doi.org/10.3389/fpsyg.2016.0158
1

van Hoogmoed, A. H., Huijsmans, M. D. E., &
Kroesbergen, E. H. (2021). Non-Sym-
bolic Numerosity and Symbolic Numbers
are not Processed Intuitively in Children:
Evidence From an Event-Related Poten-
tial Study. Frontiers in Education, 6, 241.
https://doi.org/10.3389/feduc.2021.6290
53

27



Brandt, Erich Geibel, Krier, Franz Lachmann, Marochi, Wagner — The brain on numbers

Appendix
Oddball topographies: sum of baseline-corrected amplitudes n=8
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Spectrum graphs (only ROI):
Dots (Exp vs Control)
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Implicit learning of color-number associations

Andreas Bieck, Diogo Da Silva, Susanne Fuchs, Marielle Mousel, Luisa Musfeld and Melissa Pagliai

Supervision: Talia Retter

In a color-number contingency learning paradigm, we analysed the association between color and
numeric concepts (parity and magnitude). Numbers are associated with colors by presenting them
with a high probability in that color. Learning is indicated by reduced performance for low-probability
trials in terms of accuracy (of the color assignment task) and response time. We examined if the
numerical concepts of parity and magnitude are implicitly recognized and automatically associated
with high probability colors. To this end, the reported experiments use five blocks of about 110 trials
with 5-15 congruent (high-probability) trials followed by one incongruent (low-probability) trial. A sixth
block with black double-digit numbers was used to test explicit color association recall. For parity
the predicted effect on accuracy is significant but not for response time. For magnitude, the predicted
effect on accuracy and response time are both significant. These findings support the thesis of the
implicit learning of color-number associations at a conceptual level and set the stage for new rese-
arch on color associations in an educational context.

Introduction

Texts as well as numbers can be syste-
matically presented in different colors, but there
is limited evidence on how this affects our con-
ceptual understanding. An everyday example
is the use of highlighters which is therefore a
possible starting point for further investigation
on that topic. By using different colors, different
elements from a text can be highlighted and a
conceptual meaning or assignment can be at-
tributed to them. Thematically related elements
can be marked in the same color, for instance
while learning a new language all the irregular
verbs in a text can be easily identified. There
are many other examples that can be added to
the previous one, as text-markers are mostly
used to support learning scenarios. In a survey
conducted in 2007, the “Statista Research De-
partment” asked more than 10,000 people
about their use of text-markers. About 57% of
the participants said that they used them occa-
sionally and 8% said that they used them fre-
qguently which is contrasting with the remaining
35% who never used such tools. The question

therefore arises as to how efficient this strategy
is, i.e. highlighting in a learning-related environ-
ment conceptually related content in specific
colors. The extent to which learning-improving
effects are present remains open. The question
that arises is whether a color related effect on
associative learning of general concepts
presented in a text or in a sequence of numbers
exists?

A study by Rinaldi & al. (2019) "Do the
colors of Educational Number Tools Improve
Children's Mathematics and Numerosity?" al-
ready focused on the topic of whether color
associations concerning sequences of num-
bers influences children’s mathematical ability
or understanding. Colored teaching materials
such as “Numicon” (Oxford University Press,
2018) and “Numberjack” (Ellis, 2006) were
used to check to what extent the color positively
or negatively influenced the children's mathe-
matical performance. Positive effects for
Numicon could be observed with regard to the
children's perception of the size (magnitude) of
a number in contrast to the use of Numberjack.
However, no positive effect was found for ge-
neral mathematical skills. Nevertheless, the
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difference in children's perception of numbers
between Numicon and Numberjack is very in-
teresting because in Numberjack random and
repetitive colors are used for different numbers,
whereas in Numicon the coloring of numbers is
much more structured. A connection between
color cognition and numerical processing
seems to apply in this case. While a partly po-
sitive effect was found for numbers, unfor-
tunately no positive influence of color associa-
tions on children's mathematical abilities could
be observed. Another point that remains open
is whether these effects could also be identified
in a text. Colors can be well associated with text
passages or number sequences, but such
associations do not necessarily lead to a me-
aningful conceptual framework with appropri-
ate learning outcomes.

As previously described, research has
shown that, conversely, conceptual structures
can also have an influence on color perception.
Such a connection is principally demonstrated
by the study of Athanasopoulos et al. "Cogni-
tive representation of colors in bilinguals: The
case of Greek blues". The researchers found a
fundamental influence of linguistic structure on
color perception. Individuals who speak diffe-
rent languages, and thus have access to diffe-
rent linguistic lexicons as well as different
grammar, seem to perceive their environment
differently. In the study itself, the researchers
compared bilingual Greek speakers with mono-
lingual English speakers. The individuals were
presented with different shades of blue. It was
found that Greek-speaking individuals could
more easily perceive those color nuances. In
Greek, compared to English, there are several
different terms that differentiate the color blue
into different shades. The researchers there-
fore concluded that there must be a connection
between the representation of specific color
terms in linguistic memory and their internaliza-
tion to the individual perception of the color
blue. It was thus confirmed that conceptual
knowledge can influence color perception.

However, the general question remains
whether color associations can be used to cap-
ture higher-level conceptual understanding.
Therefore, we want to address this issue in our

study. We investigate potential color associa-
tion effects with respect to the following two nu-
merical concepts: number size (magnitude)
and parity. The colors blue (even) and yellow
(odd) are used for the concept of parity. Regar-
ding magnitude, we use the colors red (large)
and green (small). The task of the participants
here is to reproduce the single color. The nu-
merical properties are thus only indirectly recor-
ded. The aim is to compare the impact of the
concept associations in their effectiveness by
means of congruent and incongruent runs. The
effectiveness is not only determined by the cor-
rectness of the color assignment, but also by
the speed of the response. The respective item
associations can then be compared with each
other on the basis of these aspects. The merely
indirect, i.e. automatic, recording of the nume-
rical properties of the colored numbers is parti-
cularly essential in our procedure. To ensure
this, we use an implicit associative learning pa-
radigm in which numbers are associated with
colors by presenting them with an increased
probability in that color. This paradigm is also
known as the "contingency learning paradigm"
(see also: "statistical learning").

In a study of Schmidt & al. (2007),
"Contingency Learning without awareness: Evi-
dence for implicit control”, the experimental de-
sign is also based on a contingency paradigm.
Some words had a high-probability (75% to
50%) of appearing in a specific color, which re-
presented therefore high contingency word co-
lor pairs or associations. From time to time, the
word would appear in a different color. This re-
presents low contingency word color pairs. Un-
colored distracter words were also shown. To
be able to measure the effect of associative
learning, the reaction time of the color recogni-
tion was compared for high contingency vs. low
contingency trials. Crucially, the researchers
also found that this effect worked for individuals
who were not aware of the contingency. The re-
sults thus indicate that the contingency effect
does not necessarily depend on directed at-
tention, but can work in an implicit way.

In a separate Study by Schmidt & al
(2018), the authors investigated if the color-
word contingency paradigm could also be ap-
plied to categories of words in contrast to the
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previously described investigation on simple
single item level word-color associations. Ba-
sed on their experimental results they con-
cluded that “a category based contingency
effect was observed”, i.e. learning was indeed
influenced by contingency when applied to ca-
tegories and not only when applied to items.
Just as in the study already discussed earlier,
the associative learning model of contingency
thus also seems to be confirmed here. The re-
sults are useful to imagine new learning models
and in the context of our experiment, it spreads
light on potential relationships between colors
and conceptual associations, thus encouraging
us also to investigate new numerical topics,
such as parity, magnitude and further numeri-
cal categories.

Bankiers and Aslin (2017) used a high
probability associative learning paradigm to
study implicit associative learning in synesthe-
tes and non- synesthetes. Synesthetes auto-
matically associate different senses, for exa-
mple a sound can be associated with a color.
Bankiers and Aslin especially investigated the
association between colors and geometric
“snowflake” shapes. The results showed that
associative learning occurs differently for both
groups, with interferences of low contingency
pairings being more important for synesthetes.
Although our study is not concerned with sy-
nesthesia, it is useful to understand how people
can implicitly learn some color object associa-
tions.

Lin and Mc Lead’s (2018) study "The
acquisition of simple associations as observed
in color-word contingency learning”, also exa-
mined the learning of word-color associations
by the means of contingency effects. Three
words were each assigned a different color.
The reaction time was measured in relation to
the response speed of the individuals studied.
These results were also compared with refe-
rence values of words that were not colored. If
the contingency of the word with the associated
color was high, the reaction time was shorter
than if the contingency was low. Thus, with the
help of the effect of contingency, associative
learning processes were again demonstrated.
In our study, color associations formed with im-
plicit learning will be used to probe the numeri-
cal concepts of parity, specifically we ask

whether numerical concepts will be implicitly
and automatically associated with high proba-
bility colors. It remains debated whether parity
is accessed automatically, that is, without expli-
cit attention to this property.

Reynovoet & al (2002) proposed in their
study "Automatic Stimulus response associa-
tions may be semantically mediated” that parity
is automatically processed. The researchers
showed that the response to stimulus is medi-
ated by parity. To confirm that, they presented
numbers using tachistoscope-methods based
on a visual instrument or screen that flashes a
series of images onto a screen at a rapid speed
to test perception memory and learning. It was
underlined that the time to react is longer if the
two numbers have a different parity, as well as
other different properties, for example if the
numbers are not close to each other, if they are
not part of the same group of numbers, and if
the modality is different. Automatic processing
is typically agreed upon for magnitude. How-
ever, other studies suggest that parity is not au-
tomatically processed.

There are not many other studies de-
monstrating the automatic nature of proces-
sing, which motivated us to further investigate
in such a direction. Colors and numbers may
have widely been studied independently in psy-
chological research, however, the way colors
might be used to measure numerical concepts
is a pretty new topic. That is why we decided to
conduct some research to understand whether
colored numbers can be used to measure whe-
ther people automatically process parity and
magnitude, expecting that concept level nume-
rical color associations will be present for parity
and magnitude.

Methodology

Participants

34 people participated in the study in
exchange for €10 in vouchers and, if requested,
a signed participation hour as compensation.
Participants’ age ranged from 19 to 27 years
old; their mean age was 21,68 years old. There
were 27 female, 6 male and 1 non-binary
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participants; 29 of whom reported being right-
handed, 5 left-handed and none ambidextrous.
All reported normal or corrected-to-normal vi-
sual acuity, the absence of any learning disabi-
lities (like dyscalculia), and that they did not ex-
perience synesthesia. Their first language of
math education was German (29 subjects),
French (4 subjects) or other (1 subject).

The participants were recruited by a re-
cruitment flyer through an online platform of the
University of Luxembourg. The testing took
place from November 2021 to December 2021.
Before conducting the study, the participants
read an information sheet and gave informed
consent. If any further explanations were requ-
ested, the experimenter was at the disposal of
the participant. The study was designed to the
standards of the Ethical Review Panel of the
University of Luxembourg and the Code of
Ethics of the World Medical Association (Dec-
laration of Helsinki). The study was conducted
in line with the current COVID-19 guidelines.

Stimuls and Materials

The stimuli were Arabic numerals from
2 to 9. They were presented in Arial font in the
center of a computer screen. The stimuli were
presented in different colors. For the parity ex-
periment, the numbers were presented in yel-
low and blue. For the magnitude experiment,
the numbers were presented in green and red.

The experiment was programmed in
PsychoPy3 v2020.2.8 (Peirce et al., 2019), run-
ning over Python (Python Software Founda-
tion, USA). The computer used was an Acer
Spin 3 laptop with a refresh rate of 60 Hz. The
statistical analysis was run in SPSS Statistics
27 (IBM, USA). For the mathematical fluency
test, five pages with math exercises were used.

Procedure

The main experiment is computerized.
A series of numbers appear in different colors
on the screen: yellow and blue in the parity ex-
periment, or red and green in the magnitude ex-
periment. The participant is asked to respond
to the colors using the computer keyboard.

Specific instructions are given before each ex-
perimental part.

For the parity experiment, the partici-
pant is asked to press on the down and up keys
with their second and third fingers, respectively;
for half the participants, up is for yellow and
down is for blue. For the magnitude experi-
ment, the participant has to press on the left
and right keys, also with the second and third
fingers. For half the participants, left is for green
and right is for red. The participants are asked
to use their dominant hand to respond in each
experiment.

The participants were randomly divided
in two equal groups: 17 participants in the ex-
perimental group and 17 participants in the
control group. In the experimental group, nu-
merical concepts of parity or magnitude are lin-
ked to the color, so for example even numbers
like 4 would be associated with blue, while odd
numbers would be associated with yellow. In
the item-level control group, there is no link
between the color and a numerical concept, so
for example blue could stand for 2, 4, 3, 6 or 7.

An implicit learning paradigm is used to
support the formation of color-number associa-
tions. In the experimental version of the parity
experiment for example, in congruent trials, all
the even numbers most often occur in blue, and
all the odd numbers most often occur in yellow.
Congruent trials are about 90% of trials; incon-
gruent trials are about 10% of trials. So the par-
ticipant might learn implicitly that the even num-
bers are often blue. A trial with a yellow 4, for
example, is an incongruent trial, because 4 is
even and therefore is usually blue.

There were 5 blocks of 110 trials in each
the parity and magnitude experiments. Each
trial consisted of a number presented in a color
(yellow or blue; green or red) for 250 ms, follo-
wed by a blank screen until the response, with
a maximum of 3.75s. After a response, there is
a blank screen (750 ms-1.75s), followed by the
next trial. Throughout each block, 5 to 15 con-
gruent trials are shown, followed by 1 incongru-
ent trial, for an average ratio of 10:1 congru-
ent:incongruent trials.

In the 6™ block of each the parity and
magnitude experiments, double-digit numbers
were presented in black. In this explicit color re-
port task, participants were asked to use their
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non-dominant hand to respond, with different
keys than in the implicit learning blocks. In total,
the computerized experiment lasted about 40
minutes per participant.

After the computerized part of the expe-
riment, a TTR (paper-and-pencil Tempo Test
Rekenen) was administered. This is a 5-minute
test for mathematical fluency. Participants were
given 5 pages with arithmetic problems on each
page. The pages contain the following operati-
ons: 1) addition; 2) subtraction; 3) multiplica-
tion; 4) division; 5) a mix of all these operations.
The participant had one minute per page and
was instructed to give as many correct soluti-
ons as possible. We planned to use this test to
see if there would be a correlation between in-
dividuals’ mathematics ability with their implicit
association effects.

Results

The means and standard deviations of ac-
curacy and response time (RT) for both the pa-
rity and magnitude experiments can be found
in Table 1.

Table 1. Means and standard deviations (in parentheses) of accuracy (in proportion correct) and

response time (in seconds).

Accuracy

RT

Parity Magnitude
Experimental Control Experimental Control
Congruent 0.890 (0.076) 0.907 (0.070) 0.896 (0.079)  0.917 (0.056)
Incongruent 0.846 (0.088) 0.895(0.082) 0.878(0.102)  0.901 (0.090)
Congruent 0.440 (0.082) 0.420(0.071) 0.423(0.053) 0.414 (0.074)
Incongruent 0.438 (0.082) 0.425(0.080) 0.439 (0.064) 0.417(0.083)

For the statistical analyses, we used repeated-
measures analysis-of-variance (ANOVA) con-
sisting of a within-participants factor of congru-
ency (congruent vs. incongruent trials) and a
between-participants factor of group (experi-
mental vs. control). Follow-up t-tests to com-
pare congruent and incongruent trials in each
the experimental group and the control group
were applied separately for accuracy and RT.
These were one-tailed, paired-samples t-tests.

Parity Accuracy

For the Parity accuracy, we plotted a
graph that indicates the standard error by sho-
wing the graph of means and the error bars.
The graph shows an accuracy of 0.5to 1. There
was a 4.4% lower accuracy for incongruent tri-
als, but little difference in the control group (Fi-
gurel).

There was a significant main effect of
congruency, F(1) = 12.33, p = .001, ny? = .28.
The interaction of congruency and group bor-
dered on significance, F(1) = 4.05, p = .053, n,?
= 0.11. The difference between incongruent
and congruent trials was significant for ac-
curacy in the parity experiment for the experi-
mental group, t{(17) = 4.13, p < .001, d = 0.04.
This difference was not significant for the cor-
responding control group, t(16) = 1.00, p = .17,
d=0.012.

09 % 2 —_—
08
07

06

Accuracy (proportion correct)

05 ——

Experimental
@ Incongruent [JCongruent

Control

Figure 1. Accuracy for the parity (blue/yellow) expe-
riment: bar graphs represent means and error bars
represent £ 1 standard error.

Parity Response Time

For the Parity response time, we plotted
a graph that indicates the standard error by
showing the graph of means and the error bars.
The graph shows an accuracy of 0.25 to 0.5.
This graph indicates little difference in the con-
trol and the experimental group. In terms of Pa-
rity RT for the control group the incongruent pa-
rity RT is slightly higher than congruent.
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There was no significant main effect of
congruency, F(1) =.24, p = .63, ny? =.007. The
interaction of congruency and group was not
significant, F(1) =.24, p = .35, ny,? = .027. The
difference between incongruent and congruent
trials was neither significant for accuracy for the
experimental group, t(17) = 0.35, p = .36, d =
0.0016, nor for the corresponding control
group, #(15) =0.93, p = .18, d = 0.005.

Parity: RT
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Figure
2. Response time (RT) for the parity (blue/yellow)
experiment: bar graphs represent means and error
bars represent £ 1 standard error.

Magnzitude Accuracy

There was a significant effect of congru-
ency F(1)=4,52, p = 0.41, ny?> = 12. The Inter-
action of congruency and group was not signi-
ficant, F(1) =0.24, p = .88, np’ = .124. However,
the difference between incongruent and con-
gruent trials was significant for accuracy in the
experimental group, #{(17) =-1,90, p <.038, d =
1,83. This difference was not significant for the
corresponding control group, #(15) = 1.205, p =
12, d =0.016.
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Figure 3.
Accuracy for the magnitude (red/green) experi-
ment: bar graphs represent means and error bars
represent £ 1 standard error.

Magnitude RT

For the Magnitude response time, we
plotted a graph that indicates the standard error
by showing the graph of means and the error
bars. The graph shows an accuracy of 0.25 to
0.5. In terms of experimental Group, the
response time in incongruent trials was higher
for a total of 15 milliseconds in comparison to
the congruent trials. In the control group there
were little differences.

There was a significant main effect of
congruency, F(1) = 5,28, p = 0.28, n,? = .14.
The interaction between congruency and group
was not significant, F(1) = 2,63, p = .114, np? =
0.76. The difference between incongruent and
congruent trials was significant for the experi-
mental group, {(17) = 2.35, p <.015, d = 0.015.
This difference was not significant for the cor-
responding control group, t(15) = 0.68, p = .25,
d=0.003.
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Figure
4. Response time (RT) for the parity (blue/yellow)
experiment: bar graphs represent means and error
bars represent £ 1 standard error.

Double-digit Accuracy

For the double-digit Accuracy, we plot-
ted graphs that indicate an accuracy of 0 to 1
for parity and magnitude. The graphs for parity
such as magnitude show no high accuracy. In
terms of the experimental Group, there was a
slight increase compared to the control group.
The experimental group shows a 55% accuracy
in terms of magnitude. The experimental group
shows a 58% accuracy in terms of parity.

Magnitude: Double-
digit accuracy

05

Experimental  Control

Figure 5. Double-digit accuracy for magnitude.

Parity: Double-digit
accuracy
1
0.5
0
Experimental Control

Figure 6. Double-digit accuracy for parity.

Discussion

Our experiment had the aim to analyze
implicit associative learning of colors and num-
bers through high-probability associations. We
used different computer-based tasks to see if it
is possible to make an association between nu-
merical concepts and the color they are most
often shown in. In our study we looked at the
concepts of parity and magnitude linked to the
theoretical question of whether these concepts
are processed automatically or not. We com-
pared an experimental group, in which the con-
cept and the color were consistent, to a control
group, in which the colors were assigned to
non-conceptual number groups.

Our results showed that the parity expe-
riment had no significant differences between
incongruent and congruent trials in response
time. The accuracy, in the experimental group,
for incongruent trials was lower than for the
congruent trials, which is shown by the percen-
tage of 4.4% difference, and which was a highly
significant difference. These results can be
considered as a small difference in accuracy
but are highly reliable across participants. For
the magnitude experiment, the response time
of the experimental group was slower for incon-
gruent trials than for congruent trials. This is a
small but significant difference in response time
(15 ms). Accuracy, for the experimental group,
was lower for the incongruent trials than for the
congruent trials with a percentage difference of
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1.8%, which is a small, but significant diffe-
rence. All our results were in the predicted di-
rection, meaning that accuracy was lower and
the response time longer for incongruent than
for congruent trials. It should also be noted that
for both the parity and the magnitude experi-
ment there were no significant effects in the
control group.

If we compare our results with other re-
search papers that have analyzed similar topics
we can see in general that the results of our
study are a bit better than those of similar stu-
dies. For example, in the study “Category lear-
ning in the color-word contingency learning pa-
radigm” from Schmidt et al. (2018) we can see
that they had small effects in comparison to the
ones we have for differential response time and
accuracy. Their results for congruent trials were
5.1% and for incongruent trials 5.8% (which
equals to only .7%-points difference). This can'’t
be taken at face value because there are de-
sign differences between their and our studies:
in our study, for example, the numbers were
shown several times in the same colors, which
was not the case in the study by Schmidt et al.
because they showed the word stimuli only
once, which again could be a reason for the
smaller effect they have obtained. However,
our study had fewer participants for the experi-
mental group (N=18) but still highly significant
results.

One thing to consider in interpreting
these results is that our control group was not
completely neutral, since there was also a hig-
her probability for some numbers to be shown
in the same color, since the same number-color
pairings were shown more than once, but there
was still no learning effect. This also shows that
an association might not occur by chance, or
even with a more subtle or less conceptual
number-color grouping. Therefore, the effect in
the experimental group is likely due to the con-
ceptual experimental manipulation.

Another thing to consider is the impact
of the task: our subjects had to do two experi-
ments on the computer where they had to de-
termine the color in which a presented number
was shown (green/red or yellow/blue) by either
clicking on the right/ left arrows or the up/ down
arrows. After the computer-based experiments,

each participant had to do a five page math
test. The task in itself to say which color the
number appeared in does not seem difficult, but
the feedback of the subjects indicates that it
was not as easy and that it could be a
frustrating task. This is mostly not to be seen in
our results, but there are some exceptions that
can be explained, among others by a confusion
of the keys during the experiment. In other
words, this means that the overall accuracy is
high. Each number was displayed for a duration
of 250 ms. Some of our subjects stated that the
computer task was the most difficult one to do
because of the rapidity they had to determine
which color the number was, which they explai-
ned with the fact that their body would react fas-
ter than their perception. It seemed to them as
if their finger would press a response key be-
fore their brain even processed the color. A lon-
ger time to respond between the numbers
would have been easier for the subjects and
the experiment would have had an accuracy le-
vel that reached nearly 100% for the incongru-
ent and congruent trials, however this might
have also made performance for incongruent
trials too easy to see an effect.

For future analysis or experiments it
could be a good idea to separate the results of
the subjects that noticed parity and magnitude
from the subjects that did not and compare the
results. Analyzing the correlation of the math
test with the magnitude of the experiment effect
could also be very interesting for future studies.
This would be done separately for the accuracy
or the response time effects. Another interes-
ting analysis could be to examine whether there
is an order effect. The participants in the cur-
rent experiment learned an implicit association
of color with either parity or magnitude first.
Then they learned the other implicit association
with different colors, but the same numbers. So
a number that in the first part was associated
with blue for parity, might later have been
associated with green for magnitude. There
might have been interference hindering the se-
cond association. Since in our experiment the
number of participants who started with parity
is the same as the number of participants star-
ting with magnitude, we could do an analysis
comparing the magnitude of the parity and
magnitude effects depending on the order. For

38



Bieck, Da Silva, Fuchs, Mousel, Musfeld, Pagliaj — Implicit Learning of color-number associations

example if the accuracy effect for parity was
4%, we could see if participants who did the pa-
rity experiment had a bigger effect than those
who did parity second, which would mean that
there might be a systematic difference around
average, depending on the order. This rese-
arch could have an important impact on further
studies/applications, because if such an inter-
ference has an effect on the implicit learning,
there could also be a more general interference
in experiments associating number or words
with colors, since numbers and words are usu-
ally displayed in black (on a screen) or blue
(written by hand). Therefore the simple associ-
ation with any color could also be subject to a
later interference in implicit learning.

As far as our hypotheses are con-
cerned, we have evidence in favor of our hypo-
theses. To be more precise, the null hypothesis
— that people do not process parity and magni-
tude when their attention is on color and there-
fore there is no difference between the incon-
gruent and congruent trials for the experimental
group — can be rejected. Thus our results sug-
gest that people do process numerical attribu-
tes such as parity and magnitude automatically,
even when their attention is on color. We could
still question the process of distraction of color
information by parity because there is more evi-
dence that this takes place by magnitude than
for parity. Some literature even questions if pa-
rity is processed at all, if a task is not explicitly
related to parity.. There were two possibilities
as to which effect we thought might be stronger
- parity or magnitude. It could be argued that
magnitude might show a bigger effect because
it is easier to notice and the recognition hap-
pens more naturally whether a number is big or
small. On the other hand, the effect might have
been bigger for parity, since it is an easy and
well-known concept for participants. What also
needs to be taken into consideration is that pa-
rity is categorical, so it makes sense to assign
blue numbers to even numbers, for example -
all even numbers (2, 4, 6, 8) are perfect exa-
mples of even-ness. Also, the numbers used in
the main part of our experiment were one-digit
numbers, and therefore it could be argued that
all the numbers could be considered as small.
Our results indeed showed that the effect in ac-
curacy was bigger for parity than for magnitude.

But since the numbers were all below ten, when
comparing them to each other, magnitude was
also an easy concept. This could explain why,
even though the effect in accuracy was smaller
for magnitude, our results showed an effect for
magnitude in both accuracy and response
time. Magnitude on the other hand is relative,
so while there might be a big effect for 2 or 9,
there might not be for 5 and 6. Some numbers
are seen as less big or small than others, which
shows that they aren’t good examples of mag-
nitude differences, which can have the conse-
quence that color categories might not be
learned as well.

One question raised in the scientific li-
terature is the level at which such processing
occurs, which is still debated. It could be at the
sensory level (the color is associated with the
shape of the numbers, early in the visual pro-
cess, without any higher processing); the
response level (the participants associate the
colors to a response key and the motion of
pressing that key with a certain finger, rather
than with the number); or the conceptual level
(across semantic categories, higher level
association between the color and the numeri-
cal concept, rather than at an individual item le-
vel). In the current experiment four numbers
were associated with one color, e.g. blue, while
four other numbers were associated with
another color, e.g. yellow. Thus, the sensory
and response levels were well matched in both
the experimental and control group and the ty-
pes of responses were the same. If learning oc-
curred in both groups, this might be evidence
for a contribution of sensory and response level
learning. Instead, there is no effect in the con-
trol group and learning occurred only for the
participants of the experimental group, which
can be interpreted as evidence that, in the ex-
perimental group, learning occurred at a con-
ceptual level. This means that the participants
implicitly learned about the parity and magni-
tude concepts which facilitated associative
learning. Schmidt et al. (2018) also suggested
that the association in their study between word
categories and colors occurred at a conceptual
level. In contrast to the current study, this expe-
riment used word categories, for which the
choice of categories and colors seems more
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arbitrary. For example, there is no conceptual
association of animal words with the color pur-
ple. When numbers are used, the chosen cate-
gories and control groups can be applied more
systematically. Another important difference in
the experimental design is that Schmidt et al.
(2018) did not have a control group, in which
the association of words and categories was
completely arbitrary, and could have been com-
pared to the experimental group.

What would be interesting is to have a
look at where and how implicit conceptual ex-
pressions could be used, outside of the experi-
mental setting, and also beyond numbers,
since color may be used as help to discriminate
between words, letters, or numbers, but can
also serve as motivation, especially in early
reading (Otto & Askov, 1968). In the TV-series
Numberjacks there was a color given to each
number randomly and some of the colors re-
semble each other, but not systematically. In
their study, Rinaldi et al.(2019) showed that the
number-color association of Numberjacks had
no measurable effect on the children’s learning:
children who watched the show had no learning
advantage in numerosity or mathematical
tasks over those who did know the color associ-
ation from it. A probable explanation is that the
associations were made at random and thus
had no helpful correspondence to conceptual
categories.

It might be more helpful to assign colors
to numbers in a more meaningful way. In her
experiment on the Cuisenaire rods experiment,
Hater (1970) assessed the Cuisenaire rods, in
which numbers were sorted into categories
(number families) and a color family was ap-
plied to each number family in a meaningful
way, which is how Georges Cuisenaire develo-
ped the Cuisenaire rods in 1952. They were
meant as an approach to introduce mathema-
tics at the secondary school level (De Bock et
al., 2020). The numbers three, six and nine
were associated with different shades of green
and blue; the numbers two, four and eight in
purple and brown shades; and the numbers five
and ten in warm colors of red and orange. The
relationship between the magnitude of the rods
and the colors followed a categorical concept,

which is more intuitive than a random associa-
tion and might therefore have a stronger effect
on learning.

Using concepts might also make learn-
ing easier as it reduces the amount of items to
learn. To be more precise about why the Cui-
senaire rods are useful, when learning the
numbers of the Cuisenaire rods, there are only
three number families and three color families
to learn, whereas if the concept of families is
not used, nine individual numbers and nine in-
dividual colors would have to be learned. Also,
some numbers are more difficult to learn as be-
longing in the same category than others, since
numbers are not completely neutral stimuli. For
example, two and nine are different in parity
and magnitude, which might create an “intui-
tive” resistance to put them into the same cate-

gory.

An example for meaningful associa-
tions is that due to “Hebbian” co-activation,
neural responses to the color blue might be cor-
related with neural responses to even numbers
through neural associations. This is a possible
explanation as to why the association of the co-
lor blue with even numbers is easier to learn
and could be used as a meaningful association
when learning. It could be argued that there is
also Hebbian learning for individual items, but
it might work better at a conceptual level, be-
cause the color blue might not be associated
with single even numbers, but with the concept
of parity. Even though the effects we measured
were at a behavioral level, it might be interes-
ting to observe what happens at a neural level
in future studies. The participants of our study
learned the number-color association implicitly,
but the connection might also have taken place
as an unconscious neural response, which
might then feel like an intuitive association of
numbers with certain colors. An EEG study
could help determine whether, when learning of
implicit color associations occurs, it is seen first
as a neuronal or behavioral response.

Some studies supported the theory in
the learning field, that using color associations
in learning material is not useful or might even
have a negative impact on learning.
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Skulmowski (2021) argues that even though u-
sing color codes may reduce the cognitive load
and thereby simplify complicated visualizations
and facilitate learning, color codes can also hin-
der learning if the learner becomes dependent
on them for recall. In such a case, color codes
would only still be useful if they are also used
in the test or recall tasks later on. The study by
Rinald et al. (2020) had the results that color
associations for Numberjack colors had no sig-
nificant impact on the children's learning and
was therefore not useful. This non-useful or
even negative impact of color association oc-
curs when the color is not applied in a systema-
tic or conceptual way, like for the participants of
our experiment in the control group (for those
participants no implicit learning occurred).

Color associations can be used strate-
gically (for numbers, animals, word categories,
etc.), like with the use of text markers. People
generally use them according to their own plan-
ned association, for example marking all new
vocabulary in one color. This influences their
perception of those words and influences their
memory. For example, when learning a new
language, new vocabulary could be color-
coded systematically and consistently to facili-
tate later recall. Thus, the implicitly learned co-
lor association would have a positive effect on
memory. Some approaches make use of this
positive effect. On the other hand, if that color-
code is “broken,” e.g. by using a textbook with
different colors, the previously learned associ-
ation could interfere with the new learning. The
question in which context color associations
could be useful and in which it could be harmful
could be an interesting topic for further rese-
arch. Also the duration of such implicit color
associations plays a role. It seems unlikely that
color associations would last long-term. If the
same participants re-took our experiment a few
weeks later, we would not expect them to still
have the same implicit color association that
they learned the first time. But when teaching
children parity, a long-term implicit color-
association could prove useful and facilitate
learning. Once the children acquire the know-
ledge of parity, the color association might
become useless and be forgotten.
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The purpose of this article is to examine the interoception and perception of experimentally induced
pain across the menstrual cycle of a group of 14 healthy females. Each woman was tested at three
points in their menstrual cycle, the ovulation, the follicular, and the luteal phase. We assessed inter-
oceptive awareness, accuracy and sensitivity, as well as pain sensitivity in form of pain threshold
and pain tolerance measurements with a variety of different tests, such as the Schandry-task, the
Thermode-Test and the Cold-Pressor-Test. Different studies found effects on pain perception be-
tween the different cycle phases. The results suggest that the menstrual cycle has an effect on the
measured interoceptive concepts and pain perceptions and therefore their pain sensitivity. The cycle
had a significant effect on interoceptive accuracy and the heat pain thresholds whereas it had no
significant effect on the remaining interoceptive concepts, the cold pain threshold and the pain tol-
erance. They further imply that overall fitness and mental health have a relationship and an effect
on the interoceptive concepts throughout the menstrual cycle phases. In conclusion, interoceptive
accuracy changes throughout the menstrual cycle, but since our sample size is rather small and the
existing literature is very limited as well as contradicting, we suggest further research on this topic.

Introduction

Interoception can be defined as the perceptions
from inside the body, this includes the percep-
tion of physical sensations related to internal
organ function such as heartbeat, respiration,
satiety, as well as the autonomic nervous sys-
tem activity related to emotions (Vaitl, 1996;
Cameron, 2001; Craig, 2002; Barett et al.,
2004). Furthermore, interoception includes two
different forms of perception: proprioception
and visceroception. Pain perception is a form of
proprioception, where signals from the body
are received primarily from the skin and the
musculoskeletal apparatus (joints, tendons,
muscles). Visceroception (Latin: viscera=inner
organs) is the term used to describe signals
arising from the inner organs (Vaitl,1996). Inter-
oceptive signals are transmitted to the brain via
multiple pathways and there are multiple net-
works underlying interoception (Migliorini,
2017). The primary interoceptive representa-
tion in the cerebral cortex of the brain (dorsal
posterior insula) engenders distinct, highly re-
solved feelings from the body which include
pain, temperature, itch, sensual touch,

muscular and visceral sensations and many
more (Craig, 2002). Additionally, interoception
can be divided into three dimensions, (1) inter-
oceptive accuracy (reflected for example by the
performance on objective behavioural tests of
heartbeat detection), (2) interoceptive sensibil-
ity (self-evaluated assessment of subjective in-
teroception using interviews/questionnaires)
and (3) interoceptive awareness (metacogni-
tive awareness of interoceptive accuracy (e.g.,
confidence-accuracy correspondence regard-
ing participants answers on a heartbeat per-
ception task). Since this sensibility (2) can be
assessed by using subjective measures from
the individuals’ belief in their own interoceptive
ability and the degree to which they feel en-
gaged by interoceptive signals in the form of a
self-report, it might reflect biases in subjective
thresholds irrespective of interoceptive accu-
racy. To counteract this, it is recommended to
use combined measures such as a heartbeat
perception task performance with a measure of
subjective confidence in performing the task
(Garfinkel, 2015; Ehlers et al., 1995). Overall,
interoception covers a broad range of sensa-
tions and for instance because of its close

43



Barenz, Joachim, Junk, Kieffer, Michels, Sturgeon — Interoception and the menstrual cycle

relationship with psychiatric illnesses it is of
great interest for numerous research projects.
In our study we focus on the three dimensions
of interoception, proprioception in form of pain
perception from the skin and visceroception in
form of the heart, since heartbeats are distinct
and frequent internal events that can easily be
discriminated and measured (Garfinkel, 2015).
Another bodily sensation women experience
regularly is the menstrual cycle. Many women
report a difference in the perception of their
body throughout the menstrual cycle (Silber-
stein & Merriam, 2000). However, the previous
research on interoception and the menstrual
cycle is extremely limited to almost non-exist-
ent. Consequently, we want to have a closer
look at the menstrual cycle in connection with
interoception throughout our study.

Firstly, a common way to measure interocep-
tive accuracy (1), is the Schandry task, which
requires an individual to count their perceived
heartbeats during a specific time period
(“Heartbeat Tracking” e.g., Schandry, 1981).
For the interoceptive sensibility (2) we use a
self-report questionnaire, the MAIA-II (Mehling
et al., 2012). As stated earlier, pain perception
can be seen as proprioceptive interoception
and the existing research gives an insight on
possible changes in the menstrual cycle. Differ-
ent studies found effects on pain perception be-
tween the different cycle phases (Procacci et
al.,1974; Goolskasian, 1980, 1983; Riley et al.,
1999; Fillingim & Maixner, 1995). Research has
shown that pain sensitivity changes during the
menstrual cycle in humans and animals, which
has sometimes been ascribed to hormonal var-
iations (de Tomaso, 2011; Hellstrom &
Lundberg, 2000). Some studies report greater
pain sensitivity during the premenstrual phase
at ovulation or during menses (Goolskasian,
1980, 1983; Hellstrom & Lundberg, 2000).
Other studies found a higher threshold during
the follicular phase compared with the other
phases (Riley et al., 1999). This just shows us
how contradicting the literature itself is on the
topic regarding the impact of the menstrual cy-
cle on pain.

In addition, a study has found that trained danc-
ers have increased interoceptive accuracy

(Christensen et al., 2018). Dancers that have
been training for years, had a higher interocep-
tive accuracy than junior dancers or the control
group, this was measured by using a self-report
questionnaire and a heartbeat perception task
with a following confidence rating by the partic-
ipants (Christensen et al., 2018). To conclude,
sportif activity, especially dance seem to have
an impact on interoception. There was another
study that analysed if integrative exercise using
aerobic and resistance exercise in mindful-
based principles and yoga would help war vet-
erans with the treatment of war-related post-
traumatic stress disorder (PTSD) (Mehling et
al., 2017). The interoceptive awareness was
measured using a self-report questionnaire, the
MAIA (Mehling et al., 2012). The results re-
ported significant improvements in mindfulness
and interoceptive bodily awareness in war vet-
erans with PTSD (Mehling et al., 2017). In sum-
mary, exercises based in mindfulness such as
yoga could have an impact on interoception. In
the context of these findings, it would be inter-
esting to further research if there are any corre-
lations between interoception and personal fit-
ness. The IFIS (International Fitness Scale)
gives insight into one's physical fitness abilities
and awareness in the form of a self-report
qguestionnaire. However, there is no research in
connection with fitness and interoception and
the menstrual cycle, but exercise is commonly
cited as a remedy for menstrual symptoms
(Sutar et al., 2016).

Feedback from the body is assumed to be al-
tered in depression and one of the many symp-
toms of depression can be numbness. Another
study analysed interrelations between the abil-
ity to perceive heartbeats accurately, depres-
sive symptoms and anxiety in healthy partici-
pants (Pollatos, 2009). As a main result they
observed a negative correlation between heart-
beat perception and depression. But only when
focusing on high anxiety levels this negative
correlation remained significant. In conclusion,
there is a possible relationship between de-
pressive symptoms and interoceptive aware-
ness, but further research is necessary (Pol-
latos, 2009). In addition, another study
researched the pre-post effect of cognitive-be-
havioural therapy (CBT) in a depressive
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sample, since studies have shown that CBT
and mindfulness interventions are promising
approaches to improve interoceptive abilities
and interoceptive accuracy and sensibility are
decreased in depressive samples (Karanassios
etal., 2021). As aresult, the depressive sample
showed a significant decrease in depressive
symptoms and increased mindfulness and in-
teroceptive abilities after CBT. Again, the re-
search in connection with the menstrual cycle
is extremely limited. For example, on a retro-
spective menstrual distress questionnaire
women said that they experience increases in
anxiety, irritability, depression and tension in
the premenstrual phase of the cycle (Parlee,
1982). Additionally, hormonal contraception
may be associated with depressive women, es-
pecially among young adolescents but evi-
dence did not support that hormonal contracep-
tion directly causes depressive symptoms
(Buggio, 2021). A different study found that oral
contraceptives do not alter the physiological
fluctuation of mood occurring with menses in
young healthy women (Natale & Albertazzi,
2006).

Hypotheses

In this study, our aims are to investigate 1) How
does interoception change throughout the men-
strual cycle and 2) How does pain perception
change throughout the menstrual cycle?
Just like some previous studies, we use ele-
ments such as the Schandry task or the MAIA-
Il to expand the findings on interoception and
the menstrual cycle with already existing re-
search, as well as our own questions and as-
pects. Since there are no consistent results on
the direction of changes between the phases in
the literature, we have no strong hypotheses
about the direction of any potential differences
across the menstrual cycle in interoception or
pain perception in our study.
Therefore, new hypotheses as well as very
general formulated hypotheses were formed.
1. We expect a difference in interoception
between different menstrual phases.
2. We expect different levels of sensitivity in
pain perception during the different men-
strual phases.

3. Fitness and depression correlate with in-
teroceptive sensibility, awareness and
accuracy and differ in the different men-
strual cycle phases.

Methodology

Participants

For our study we recruited participants via so-
cial media, an online student platform of the
University of Luxembourg and word of mouth.
We could not include everyone in our study,
who was interested in participating and con-
tacted us, because they also had to fit with our
recruitment criteria. Therefore, our exclusion
criteria were as follows: being pregnant, being
in the menopause, having an Implanon and
getting the injectable depot contraceptive. Par-
ticipants who took the birth control pill or the
progestin pill without a monthly break were ex-
cluded too, unless they got their monthly pe-
riod, nevertheless. Having an irregular cycle
was an additional exclusion criterion, meaning
their period did not have a recurring interval of
22 to 35 days, plus or minus three days varia-
tions, while the duration of menstruation should
not exceed 14 days or fall below three days. We
also decided to exclude participants with a re-
cent change of the contraceptive method they
use. This measure was taken in order to avoid
any bias regarding a messed up hormonal bal-
ance as a consequence of recently changing
hormonal contraceptives. Based on our exclu-
sion criteria and the participants’ responses in
the pre-screening, we had to exclude nine po-
tential participants. Five of them could not be
included because of their very irregular men-
strual cycle and not having their menstrual
bleeding every month. Another potential partic-
ipant did not fit with our recruitment criteria, as
her menstrual cycle usually lasts 40 days, and
while the duration of another interested partici-
pant’s menstruation falls below three days, she
could not participate either. We also had to ex-
clude two other young women, who contacted
us, because they had recently changed their
contraceptive method from the hormonal birth
control pill to using condoms, and they were still
in the phase of adjustment, where the natural
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hormonal balance must be recreated again.
Nine women were excluded because their cal-
culated lab sessions did not fit in our testing
schedule. The consumption of alcohol or taking
pain relievers 24 hours prior to the lab sessions
was an exclusion criterion too, in four cases this
was met. However, we still included those par-
ticipants in our analyses. Therefore, our sample
size is restricted to 14 participants in total (N =
14). 100% of the participants are female. We
remunerated them with 25€ and two and a half
participant hours.

The age of all participants varies between 18
and 27 years, while 92,9% are between 18 and
23 years old (N = 13) and one participant is be-
tween 23 and 27 years old (N = 1). One half of
the sample indicated that they are in a (commit-
ted) relationship and the other half indicated
that they are single at the moment. 92,9% were
psychology students and all of them were fluent
in German.

All participants had a regular cycle according to
the criteria above, while the duration of their
menstrual bleeding is shorter than one week for
12 of our participants (85,7%), and only two of
them (14,3%) have their menstruation for up to
14 days. The range of their cycle lengths in
general varies between 22 and 35 days, the
mean for their minimal lengths of their cycles is
26.07 and for their maximal lengths is 29.57.

Looking at the contraceptive methods, three of
the participants indicated that they do not use
any contraceptives at all. Of those who use
contraception, one participant takes the contra-
ceptive pill for five years and another one for
one and a half years now, but with a monthly
break, so they still have their monthly period.
Six participants use condoms as their contra-
ceptive method; one of them in the past six
months, three participants for six months up to
a year, while two of them changed from the in-
take of the contraceptive pill to using condoms,
another participant uses condoms for three
years now. There is also one participant, who
indicated that she has been taking the contra-
ceptive pill for four years now, since she started
using contraceptives, and she also uses con-
doms often as additional contraceptives. Two

participants stated that they got a copper spiral
or copper chain: one of them for between six
months up to a year and the other one for one
and a half years. Another participant indicated
that she got a copper ball for six months up to
a year now.

Two participants have regular medication in-
take. One participant takes Euthyrox — 0,075
mg (a thyroid hormone) and one participant
takes Venlafaxine — 150 mg (remedy against
depression and anxiety).

Two of our participants have a severe score
(21-27) on the depression scale of the DASS,
on the stress scale it is only one person with a
severe score (26-33). For the anxiety scale, two
participants have an extremely severe level
(>20) (s. table 1) There was one person report-
ing a high score on the anxiety and the depres-
sion scale.
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Table 1: Frequencies of Severity Levels in the Depression-Anxiety-Stress-Scale (DASS) (N=14)

DASS- Depression DASS- Anxiety DASS- Stress
Severity N Severity N Severity N
Normal 10 Normal 9 Normal 9

(Score 0-9) (Score 0-7) (Score 0-14)
Mild Mild 1 Mild
(Score 10-13) (Score 8-9) (Score 15-18)
Moderate Moderate 2 Moderate
(Score 14-20) (Score 10-24) (Score 19-25)
Severe Severe 0 Severe
(Score 21-27) (Score 15-19) (Score 26-33)
Extremely Extremely 2 Extremely
severe severe severe
(Score 28+) (Score 20+) (Score 34+)

Shows the frequency of every severity-level in the subcategories of the Depression-Anxiety-Stress-

Scale (DASS)

Table 2.5: Descriptive statistics of the Depression-Anxiety-Stress-Scale (DASS) from the Pre-Screening
(N=14)

Main variables Measured concept M SD
Depression-Anxiety-Stress-Scale 3 Subcategories: 1. Depression, 2.
(DASS) Anxiety, 3. Stress
Depression 7,14 7,75
Anxiety 7,71 8,03
Stress 11,71 8,85

Shows the mean and standard deviation of the Depression-Anxiety-Stress-Scale (DASS) from the Pre-
Screening
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Materials & Session procedure

Our study consisted of two parts, an online pre-
screening and a laboratory part performed at
three fixed dates during the cycle. The pre-
screening was sent to them by e-mail before-
hand along with the informed consent and eth-
ics sheet, so they could fill it out at home. It
amounted to approximately 20 minutes and
contained the following questionnaires: FEM
(Berliner  Fragebogen zum  Menstrua-
tionserleben) (Saupe ,1987), IFIS (International
Fitness Scale) (Pereira et al., 2020), DASS-21
(Depressions-Angst-Stress-Skalen - deutsch-
sprachige Kurzfassung) (Nilges & Essau,
2021), PSQ (Perceived Stress Questionnaire)
(Fliege et al., 2001). In addition to that we
asked them demographic questions and a thor-
ough questioning of the cycle, symptoms re-
lated to the cycle and health questions. In our
analyses we will focus on the results of the
DASS and the IFIS.

If none of the exclusion criteria were met, we
used the information about the cycle length and
the date of onset of the last menstruation to cal-
culate the dates when the participants should
come to the laboratory. Therefore, we used the
ovulation calculator from mummylator (Eis-
prungrechner—Jetzt exakter Eisprung berech-
nen! (0. J.)).

During the luteal phase we had to delay ten ap-
pointments in a range from three days prior to
four days after the calculated date. In the follic-
ular phase there were seven adjustments from
two days before the calculated date to five days
after it. In the ovulation phase we had to move
six appointments in a range of five days prior to
ten days after the calculated date. We had to
delay six lab sessions because their menstrua-
tion did not start on time, in eight cases the la-
boratory was occupied. Seven appointments
were moved due to the calculated date being
on a weekend and three appointments due to
scheduling problems. (s. table 2.6)

The date for testing during the luteal phase was
five days before the start of menstruation and
the date for testing during the follicular phase
was on the third day after the start of

menstruation. The date for testing during the
ovulation phase was the calculated day of ovu-
lation itself.

Each of the three laboratory appointments
lasted 45 minutes and included the same pro-
cedure. At the beginning, the covid sheet was
signed and online questionnaires were filled out
again, in addition to several state questions,
these were the MAIA-II (Mehling, 2018) and the
FAW (Fragebogen zum aktuellen koérperlichen
Wohlbefinden) (Frank, 2011).

The 37 items of the MAIA-II are split into eight
subscales, each statement deals with intero-
ceptive awareness. You determine the arithme-
tic mean for each subscale to analyse this
questionnaire.

Subsequently, we performed three interocep-
tion tests in the test cabin: the Schandry-task,
the Cold Pressor test (Stening et al., 2007) and
a thermode pain threshold. During these tasks,
the participant was continuously connected to
an ECG, so we could measure their heart rate.

We started with the Schandry-task, it consisted
of three parts. Firstly, the participants had two
resting periods, one with their eyes closed and
one with their eyes open, each period lasting
160 seconds, the order was counterbalanced
across participants. Secondly, the participants
counted how many heartbeats they felt during
four determined counting phases, previously
there was one trial run. The trial run lasted 25
seconds, followed by four actual counting
phases lasting 25, 35, 45 and 55 seconds, pre-
sented in a randomized order. So, in total the
duration of the counting phases was 215 sec-
onds, in which the participants had to pay at-
tention to their interoception of their heart rate.
After every counting phase they had to type in,
how many heartbeats they had counted, fol-
lowed by a confidence rating about their an-
swer. In the third part, the participants counted
the seconds during determined counting
phases. The phases also lasted 215 seconds,
with a trial run of 25 seconds and the counting
periods lasting 25, 35, 45 and 55 seconds,
again presented in a randomized order. The
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participants typed their answer and gave a con-
fidence rating.

Afterwards, the second and the third test were
a Cold Pressor Test (CPT) and a thermal cold
and heat pain threshold measurement with a
thermode. The order of these two tests was
counterbalanced across the participants.

The CPT was used to measure the pain per-
ception and tolerance threshold of the partici-
pant. In this task we asked them to put their
right hand in approximately 5 degrees Celsius
cold water for no more than three minutes and
evaluate the subject pain intensity every 20
seconds on a numeric rating scale from zero to
ten (0= no pain; 1 = pain threshold; 10 = the
highest amount of pain they could imagine in
this situation). The participants were able to
take her hand out of the water at any point,
when the pain was no longer bearable. For tak-
ing a closer look at the heart rate of the partici-
pant during the CPT, one experimenter set a
marker in the ECG recording file as soon as the
participant put her hand in and when she pulled
it out again.

For the other pain perception test we fixed the
thermode to their left forearm and set three
heat and three cold stimuli. The baseline tem-
perature of the thermode was 32 degrees, it
went up to a maximum of 50 degrees Celsius
and down to a minimum of 0 degrees Celsius.
The temperature change rate was 1.5 degrees
per second for both the heat and the cold trials.
The participants could have ended the stimuli
as soon as they perceived any kind of pain, in
order to determine their threshold. The return
rate after their response was 8 degrees per
second for heat and 4 degrees per second for
the cold trials. Contrary to the CPT the partici-
pants should not have tried to stand the pain as
long as they could. Instead, we wanted to know
the time point when it just started to become
painful for them. We asked them to press the
“N”-Button on a keyboard right in front of them
as soon as their threshold was reached and by
pressing the button the temperature of the ther-
mode was immediately going back to its start-
ing point (32 degrees). During this test we
wanted to have a closer look at the heart rate

again and for this reason, one experimenter set
a marker in the ECG recording file, when the
test started with the first hot stimulus, between
the third hot stimulus and the first cold one, and
when it stopped after the third cold stimulus
The participants could have ended the stimuli
as soon as they perceived any kind of pain, in
order to determine their threshold. Contrary to
the CPT the participants should not have tried
to stand the pain as long as they could. Instead,
we wanted to know the exact temperature as
soon as it started to become painful for them.

Statistical Analysis

All data analyses were performed with SPSS.
The significance level a was set at 0.05. We
looked at descriptive analyses such as mean
values, standard deviations, and frequency
analyses.

The interoceptive accuracy score was calcu-
lated by comparing the score of actual heart-
beats to the score of counted heartbeats for
each participant and later determining the
mean value of the differences. By calculating
the mean for each subscale of the MAIA-II-
Questionnaire, the score for the interoceptive
sensibility was determined. The mean score of
the Schandry confidence task was calculated
as the scores for the interoceptive awareness.
To examine the relation between interoceptive
accuracy, sensibility, and awareness and the
menstrual cycle phases we conducted re-
peated measurement ANOVAs.

The means for the heat and cold thresholds of
the thermode threshold test were calculated by
conducting the means of the heat and cold
thresholds of every session for each partici-
pant, which allowed us to determine the means
for each menstrual cycle phase. For the Cold-
Pressor-Test we calculated the means of the
durations for the values of pain tolerance.
Again, we conducted repeated measurement
ANOVAs to examine the interaction of the men-
strual cycle phases and pain sensitivity, once
with the pain tolerance of the Cold-Pressor-
Test and with the heat and cold pain thresholds
of the thermode threshold test.
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To examine the relation between fithess, meas-
ured by the International Fitness Scale, short
IFIS, and interoception we conducted multiple
bivariate correlation analyses. For interoceptive
accuracy we correlated the IFIS scores with the
Schandry scores, for interoceptive sensibility
with the MAIA-Il-scores and for interoceptive
awareness with the scores of the Schandry
confidence task.

The score of the DASS depression subscale
was calculated by adding up the sum value of
the corresponding items. With this score and
the corresponding values for the subcategories
of the interoception as described above, we
conducted multiple bivariate correlation analy-
sis, to examine the relation of interoception and
depression.

Results

An overview of our main variables, the concept
they have measured, and their respective
means and standard deviations can be found in
table 2.1 to 2.5 in the Appendix.

For our first hypothesis, repeated measures
ANOVAs were conducted that examined an ef-
fect of the menstrual cycle on interoceptive ac-
curacy, sensibility, and awareness. Since our
sample is very small, we decided not to exclude
the participants which indicated to have taken
pain medication. However, we present both

Interoceptive Accuracy

0,54 T

results. The results excluding the participants
taking pain medication will be in presented in
square brackets ([ ]) A significant interaction
was found between the menstrual cycle phases
and interoceptive accuracy F(2,26)= 3.49, p =
046, ny? =.211 [F(2,18)=4.53, p= .026, ny’=
.335]. Furthermore we found a significant linear
increase from the luteal phase towards the ov-
ulation F(1,13)= 5.32, p= .038, ny’= .290
[F(1,9)=8.39, p=.018, n,>=.482] (see Figure 1).
The lowest scores were found in the luteal
phase M = 412, SD= .066 [M = .418, SD =
.084] indicating a low interoceptive accuracy.

It was found however that the menstrual cycle
phases had, according to the self-report, no
significant effect on the interoceptive aware-
ness F(2,26)= .259, p = .774 [F(2,18)=.511, p=
.608],measured by the confidence ratings in the
Schandry task, or the two way interaction of the
menstrual cycle and the MAIA-II-Questionnaire
scales F(14,182) = .663, p = .808 [F(14,126)=
.540, p= .905] which measure interoceptive
sensibility.

For the second hypothesis also, repeated
measures ANOVAs were conducted which ex-
amined the interaction between the menstrual
cycle phases and pain sensitivity regarding
heat and cold pain thresholds as well as pain
tolerance. The results of the heat pain thresh-
old revealed a marginally significant effect on
the perception in terms of heat induced pain
with a higher sensitivity during the ovulation

Score

nAas
Us4s
n 2
v

Lutealphase Follicularphase

Menstruation Phase

Ovulation

Figure 1: Interoceptive Accuracy measured by the Schandry task throughout

the menstrual cycle phases. (N=14)

Error Bars: For the calculation of the error bars the standard error (SE) was used.
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phase F(2,26)= 3.15, p = .06, ny>= .195
[F(2,18)= 2.59,p= .102, np?= .224]. We ob-
served a significant linear decrease in the pain
threshold over the three phases F(1,13)= 8.74,
p = .011 , np?= .402 [F(1,9)=8.844, p=.016,
ne>=.496] (see Figure 2).The highest pain
thresholds were found in the Luteal phase M=
46.59, SD= .58 [M = 46.56, SD = .725] indicat-
ing a low pain sensitivity in the cycle phase,
Then decreasing through the menstruation
phase, having a medium threshold M=46.13 ,
SD= .065 [M = 45.93, SD =.832]and the ovula-
tion M= 45.74, SD = .647 [M = 45.62, SD = .68]
showing the lowest threshold. (s. Figure 2)

No significant interaction between the men-
strual cycle phases and cold pain sensitivity
(thresholds) could be found F(2,26)= .702= p=
505 [F(2,18)=2.49, p= .111, ny’= .217. We
found a marginally significant linear increase
from the luteal phase towards ovulation F(1,9)=
3.74, p= .085, ny*= .293].

With the Cold Pressor Test, the construct of
pain tolerance was measured by the time the
participants submerged their right hand in ice-
cold water. To reduce the risk of injury, we lim-
ited the time to 180 seconds. The menstrual
cycle phases had no significant effect on pain

Heat Pain Tresholds

Degrees in °C
]
U
U

Lutealphase Follicularphase

Menstruation Phase

tolerance  F(2,26)=  .175, p=  .840
[F(2,18)=1.357, p= .282].

Since nine of the 14 participants kept their hand
submerged in the cold water for the limit of 180
seconds, we were able to observe a ceiling ef-
fect (s. Figure 3).

For our third hypothesis we examined whether
there is a correlation between the concepts of
interoception, interoceptive accuracy, intero-
ceptive awareness and interoceptive sensibility
under consideration of the menstrual cycle, and
the fithess, measured by the International-Fit-
ness-Scale, short IFIS, as well as depression
measured by the Depression-Anxiety-Stress-
Scale (DASS). To analyse this, we did multiple
bivariate correlational analyses.

Starting with the correlations between intero-
ceptive accuracy and fitness, we found signifi-
cant positive correlations between the Schan-
dry scores and the IFIS subcategory “muscular
strength” for the follicular phase r(14)= .463, p=
.048 (s. Figure 6.1) and the ovulation r(14)=
469, p=.045 (s. Figure 6.2) ( s. Table 3.1).

Moving on to the correlations between intero-
ceptive awareness, measured by the

Ovulation

Figure 2: Pain perception: Mean heat pain thresholds measured with the

Thermode test throughout the menstrual cycle phases. (N=14)

Error Bars: For the calculation of the error bars the standard error (SE) was used.
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Schandry-confidence-task, and fitness, we
found no significant correlation. (s. Table 3.2)

Table 3.1: Correlations Schandry-scores with International Fitness Scale (IFIS) (N=14)

IFIS_General IFIS_musc
Physical IFIS_cardiorespiratory  ular IFIS_Speed/A  IFIS_Flexib
Fitness Fitness strength gility ility
Luteal Schan
phase dry .085 .027 .350 127 -.050
Follicul
ar Schan
phase dry -.094 .145 463* 124 -.170
Ovulzati  Schan
on dry .220 .245 .469* 334 .055

*Correlation is significant at the 0.05 level (1-tailed)

Table 3.2: Correlations Schandry-Confidence with International Fitness Scale (IFIS) (N=14)

IFIS_Gener  IFIS_cardio- IFIS_

Menstruatio al Physical  respiratory muscular IFIS_Speed/ IFIS_
nphase Variable Fitness Fitness strength Agility Flexibility
Schandry
Lutezl phase Confidence -.016 -.052 -.01% .006 -021
Follicular Schandry
phase Confidence .011 .186 -.013 .236 .013
Schandry

Ovulztion Confidence 140 221 -012 224 -.00e
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Table 3.3: Correlations MAIA-Il with International Fitness Scale (IFIS) (N=14)

Menstrustion Varizble IFIS_GeneralP  IFIS_cardiorespi  IFIS_muscular  IFIS_Spsed/  IFIS_Flexibility
phass hysicalFitness  ratoryFitness strength Agility
Lutezl phase  Mala_semerksn (188 6359°** -.048 631°** -.037

Mala_Nichtablen 066 347 -.268 315 -.224
ken
MALA_KeineSorgs -.055 3585 -.154 307 -.050
nMachen
Mala_aufmerkss -.281 368 -.298 .291 -.117
mkgsitsSteuerung
Mala_Emotionale -.137 250 072 .541* 237
sGewahrsein
Mala_Ssibstregul -.131 -.237 -.136 -.378 -.419
ation
Mala_aufLeibHor -.153 215 -.060 .400 .058
£n
MAlA_Vertrauen -.005 312 -.285 455 284

Follicular Mala_gsemerken 161 -.111 -.186 -.252 .061

phass

Mala_Nichtablen 048 188 -.158 .180 -.282
ken
MAalA_KeineSorgs -.123 082 -.081 .208 -.272
nMachen
Mara_aufmerkss -.056 357 -.088 .285 .289
mkeitsSteuerung
MaAlA_Emotionale 035 .450* -.188 .510* 227
sGawahrsein
Mala_Selbstregul -.011 -.025 -.1386 -.126 -.285
ation
Mala_aufLeibHor .290 029 030 .006 -.007
£n
MalA_Vertrauen 242 345 -.283 386 276

Ovulation Mala_semerksn 184 143 -.148 089 169
Mala_Nichtablen 028 285 -.184 330 -.173
ken
MALA_KeineSorge 307 467 -.203 468* - 065
nMachen
Mala_aufmerkss 064 318 -.205 453 .366
mkgsitsSteuerung
Mala_Emotionale 031 206 -.132 .200 384
sGewahrsein
MalA_Ssibstregul Ev) -.030 -.010 -.235 -.301
ation
Mara_aufLeibHor -.152 -.081 -.047 .028 -.228
en
MAalA_Vertrauen .A55 338 -.289 271 151

*Correlation is significant at the 0.05 level (1-tailed)

**Correlation is significant at the 0.01 level (1-tailed)

Table 3.4: Correlations Schandry-scores with Depression-Anxiety-Stress-Scale (DASS) (N=14)

DASS Depression DASS Anxiety DASS Stress
Lutezlphase Schandry .004 -.087 -.077
Follicular phase  Schandry -131 -.198 -.122
Ovulation Schandry -.365 -.221 -.235
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Regarding interoceptive sensitivity, there was a
highly significant correlation between the
MAIA-II subcategory “Bemerken” and the IFIS
subcategories “cardiorespiratory fitness” in the
luteal phase r(14)=.639, p=.007 (s. Figure 4.1)
and in the subcategory “speed/agility”
rn(14)=.631 p= .008,also in the luteal phase (s.
Figure 4.2). There was also a significant corre-
lation between the MAIA-II subcategory “emo-
tionales Gewahrsein” and the IFIS subcategory
“speed/agility” in the luteal phase r(14)= .541,
p=.023 (s. Figure 4.3). Furthermore, we found
isolated significant correlations in the follicular
phase between the MAIA-II subcategory “emo-
tionales Gewahrsein” and the IFIS subgroups
“cardiorespiratory fitness” r(14)= .460, p= .049
(s. Figure 4.4) and “speed/agility” r(14)= .510,
p=.031 (s. Figure 4.5) as well as in the ovula-
tion between the MAIA-II-Subcategory "keine
Sorgen machen” and the IFIS subcategories “
cardiorespiratory fitness” r(14)= .467,p= .046
(s. Figure 4.6) and “speed/agility” r(14)= .468,
p=.046 (s. Figure 4.7) (s. Table 3.3).

Looking further, we could not observe any sig-
nificant correlation between the Schandry
scores and the Depression-Anxiety-Stress-
Scale (DASS) (s. Table 3.4)

Three significant correlations between the
Schandry-confidence-task and the DASS were
found. The first being between the Schandry
confidence and DASS subcategory “depres-
sion” in the follicular phase r(14)= -.566, p=
.017 (s. Figure 7.1), the second in for the same
categories in the ovulation r(14)=-.536, p=.024
(s. Figure 7.2) and the third between the
Schandry-confidence-task and the DASS

subcategory “Stress” in the follicular phase
r(14)= -.477, p= .042 (s. Figure 7.3) (s. Table
3.5).

Moving on, we look at the results from the cor-
relational analyses between the MAIA-1I-Ques-
tionnaire and the Depression-Anxiety-Stress-
Scales, short DASS.

We observed a significant correlation in the lu-
teal phase between the DASS subcategory
“depression” and the MAIA-II subcategory “Be-
merken” r(14)=-.590, p = .013 (s. Figure 5.1),
“‘emotionales Gewahrsein” r(14)= -.465,p=
.047 (s. Figure 5.2) and “auf Leib horen” r(14)=
-.496, p=.036 (s. Figure 5.3). Also, a significant
correlation in the follicular phase between the
DASS subcategory “depression” and the MAIA-
Il subcategory “nicht ablenken” r(14)= -.655, p=
.006 (s. Figure 5.4) was found. Furthermore a

Table 3.5: Correlations Schandry-Confidence with Depression-Anxiety-Stress-Scale (DASS) (N=14)

DASS_Depression

DASS_Anxiety DASS_Stress

Luteal phase Schandry Confidence -.362 .000 -.367
Follicular

phase Schandry Confidence -.566* -.208 -477*
Ovulztion Schandry Confidence -.536* -072 418

*Correlation is significant at the 0.05 level (1-tailed)
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Table 3.6: Correlations MAIA-I| with Depression-Anxiety-Stress-Scale (DASS) (N=14) well
Menstruationphase Variable DASS_Depression DASS_Anxiety DASS_Stress SU?)S-
MAIA_Bemerken - 590° - 157 - 340 Jt(.ac-
MAIA_NichtAblenken -.351 -.202 .028 ve
MAIA_KeineSorgenMachen -.085 -.268 071 CO?-
MAIA AufmerksamkeitsSteuerung -.015 -.101 -.057 -
MAIA_EmotionalesGewsahrsein -.465* -571* -.626**
MAIA_Selbstregulation .041 .286 132
MAIA_AufleibHdren -.456* -.460* -.531*
Lutezl phase MAIA_Vertrauen -.201 -.510* -.216
MAIA Bemerken 114 .063 323
MAIA_NichtAblenken -.655°* -.304 -.245
MAIA KeineSorgenMachen -.423 -.258 -.234
MAIA_AufmerksamkeitsSteuerung .2591 -.122 116
MAIA _EmotionalesGewahrsein -.322 -.460* -.267
MAIA_Selbstregulation -.113 181 .050
MAIA_AufleibHdren -.124 -.034 .052
Follicular phase MAIA Vertrauen -.154 -.353 -.026
MAIA_Bemerken -.129 -.154 .056
MAIA_NichtAblenken -.451* -.374 -.224
MAIA_KeineSorgenMachen -.313 -.191 0856
MAIA AufmerksamkeitsSteuerung -.357 -.306 -.320
MAIA_EmotionalesGewahrsein -.073 -476* -.021
MAIA_Selbstregulation -.136 .145 164
MAIA _AufleibHdren -.434 -.280 -.379
Owvulation MAIA_Vertrauen -.260 -.308 -.015

*Correlation is significant at the 0.05 level (1-tailed)

**Correlation is significant at the 0.01 level (1-tailed)

significant correlation between the DASS sub-
category “depression” and the MAIA-II subcat-
egory “nicht ablenken” during the ovulation
rn(14)=-.491, p = .037 (s. Figure 5.5) was found.
Most correlations between the MAIA-II-subcat-
egories and the DASS subcategory “depres-
sion” occur in the luteal phase (s. Table 3.6).

Discussion

This study was motivated by the well-known
topic of interoception, as well as pain percep-
tion and how they change throughout the men-
strual cycle. To investigate the interdepend-
ence of objective, subjective, and awareness
measures of interoception, we used heartbeat-
tracking which issues two objective tests of in-
teroceptive accuracy (e.g., Schandry task), as

dence judgements of performance and pain in-
ducing tests.

Interoceptive accuracy, interoceptive sen-
stbility & interoceptive awareness

First off, the most notable outcome is the signif-
icant effect in the Schandry task where the in-
teroceptive accuracy score was found at the
lowest during the luteal phase. “Interoceptive
accuracy” is progressively used to touch on in-
teroceptive behavioral performance (Ceunen et
al., 2013) and was measured here by the heart-
beat-tracking-task.

The other important result in our data is the
marginally significant effect in the heat pain
threshold where the pain sensitivity was also
found at the lowest levels during the luteal
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phase. One possible interpretation for this out-
come could be that of a link to it by the female
sex hormones progesterone and oestrogen,
which have been linked to a lower pain sensi-
tivity, in females’ luteal phase as their level are
at their peak (Martin MD, 2009; Schertzinger et
al., 2017). Explaining also the higher vulnera-
bility found during the ovulation phase, as these
hormonal levels are lower. According to a study
about luteal analgesia, these high progester-
one levels post-ovulation are related to a de-
crease in the affective element of the pain ex-
perience, together with a detachment between
pain intensity and unpleasantness. This disso-
ciation is associated with a functional connec-
tivity between the inferior frontal gyrus (IFG)
and the amygdala (Vincent et al., 2018). Fur-
thermore, allopregnanolone, progesterone's
primary metabolite, has been demonstrated to
upregulate the GABAergic system, resulting in
an increase in neuronal excitability inhibition
(Guennoun et al., 2015; Ikarashi et al. 2020).
According to Wang et al. (1996), although there
was no assessment of allopregnanolone levels
in our study, they are connected with proges-
terone levels, particularly in the luteal phase.
For interoceptive accuracy this could result in
overall lower accuracy scores since perception
is inhibited by the GABAergic system. For inter-
oceptive sensibility this means that since there
is an overall lower perception, the self-percep-
tion of being focused on the bodily sensations
may be lower as well, but still only in the luteal
phase.

We also confirm the lack of a significant effect
concerning the cold pain threshold, similar to
Kowalczyk et al. (2006) findings, which refers
to inconsistencies in pain perception compared
to the heat pain threshold. Nonetheless, we no-
ticed that the highest thresholds are demon-
strated during the menstruation phase, which is
the same as the results of Veith et al. (1984)
and Hapidou & de Catanzaro (1988). Overall,
this means that the participants were less sen-
sitive during the follicular phase. These incon-
sistencies in pain thresholds for the different
tests can be referred to as the change in
women’s ability to experience pain during the
menstrual phases (Goolkasian, 1980).

Finally, there is no significant effect concerning
the interoceptive awareness in terms of the

confidence ratings from the Schandry task.
Nevertheless, one study found that people with
panic disorders or any sort of anxiety disorder
have a better cardiac awareness than people
with depression disorders. There appears to be
a trend toward better interoceptive awareness
among individuals with clinical anxiety disor-
ders across clinical groups (Ehlers & Breuer,
1992, Zoellner & Craske, 1999, Pollatos et al.,
2009, Dunn et al., 2010, Stevens et al., 2011).
Moreover, mild to moderate depression are
characterized by a reduced capacity to accu-
rately identify heartbeats, meaning they are
negatively correlated and revealing that there is
an improvement of interoceptive awareness
when participants suffer from severe depres-
sion (Dunn et al., 2007; Pollatos et al., 2009).
The depression-anxiety-stress-scale (DASS)
referred to three significant effects in relation
with the Schandry-confidence-task. The lower
the score of the depression-anxiety-stress-
scale the higher the interoceptive awareness
score is. People who are anxious have a higher
proclivity for detecting internal body changes,
which then becomes the basis of a misinter-
preted or mislabelled signal (Garfinkel & Critch-
ley, 2013). However, by Tyrer (1973, 1976), the
general pattern of our findings suggests that
heightened cardiac awareness is linked to
physical forms of anxiety rather than high anxi-
ety per se., thus, being a possible explanation
for the significant correlations found between
the DASS and the MAIA-II-Questionnaire. Var-
iables like physical activity have also been
proven to relate to interoceptive accuracy (Zo-
ellner & Craske, 1999), and therefore explain-
ing the significant correlations found between
the IFIS and the MAIA-II-Questionnaire. An-
other study also revealed that cognitive-behav-
ioural therapy (CBT) influenced a significant
decrease in depressive symptoms and a rise in
mindfulness and interoceptive abilities tested
on a sample of depressive participants (Kara-
nassions et al., 2021).

In summary, the different dimensions of intero-
ception are all affected differently. Alas, so far
practically no research has been conducted on
this matter. Also, none of the three measured
interoceptive concepts show correlations con-
sistently. Yet interoceptive awareness and in-
teroceptive sensibility are more regularly
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negatively correlated with depression, being
consistent with the found literature (Pollatos et
al., 2009). These correlations occur in all cycle
phases but interoceptive sensibility mostly in
the luteal phase. As for fitness, there are only
positive correlations which appear isolated
throughout the concepts and cycle phases. For
interoceptive accuracy these are in the sub-
group of muscular strength, for interoceptive
sensibility they are in the subgroups “cardi-
orespiratory fitness” and “speed/agility”, and no
positive or negative correlations could be found
for the interoceptive awareness.

All in all, fitness generally influences the three
interoceptive concepts positively while depres-
sion influences them negatively throughout the
menstrual cycle. Therefore, our third hypothe-
sis is accepted. As there is only limited re-
search including the different questionnaires
(DASS, IFIS & MAIA-II), only minimal explana-
tions could be found for our different results.

Pazin perception

For our cold pressor test, the data observed
shows no significant effect at all to do with the
three menstrual phases, except for the “ceiling
effect”. Still, we noticed that, just like Teepker
et al. (2010), the threshold for the cold-pressor-
pain is the highest during the luteal phase and
the lowest during the follicular phase, which
could also relate to the luteal analgesia, ex-
plained by Vincent et al. (2018). In general, we
noticed a marginal significance between the
three menstrual cycle phases, confirming cycle
variations in sensitivity of pain perception. The
study of Hellstrdom & Lundberg (2000), using
the cold-pressor-test, also revealed that
women are less sensitive during the second
part of the cycle, e. g. luteal phase, than during
the follicular phase due to high oestrogen lev-
els. Interesting to know for these results as well
is that progestin-only contraceptive users can
have a higher pain tolerance than participants
receiving a combined hormonal contraceptive
(Maximo et al., 2015). In spite of that, as only 3
participants with a hormonal contraceptive are
included in our study, this doesn’t have an all-
too striking effect on our outcome. Our outcome
suggests that hormonal levels could have an
important impact on pain sensitivity during the

menstrual cycle. Nonetheless, some studies
indicate that there is no correlation between
hormone levels and pain sensitivity. Other well-
controlled studies have shown that the men-
strual cycle does not have any effect on the per-
ception of pain in healthy and pain-free women
(Granot et al., 2001; Sherman et al., 2005;
Kowalczyk et al., 2006; Klatzkin et al., 2010;
Teepker et al., 2010; Vincent et al., 2011). An-
alysing the substantial fluctuations in reproduc-
tive hormones throughout the menstrual cycle
and considering that animal studies indicated
an influence of progesterone and oestradiol on
the pain response, it can be astonishing that
there is a lack of consistent effects of the men-
strual phase on pain sensitivity (Fillingim and
Ness, 2000; Craft et al., 2004).

Limaitations

The results of our study are limited by the case
study sample size, which consists of 14 female
participants, who are mostly psychology stu-
dents. Furthermore, underaged girls, as well as
older women than 23 were not taken into con-
sideration. This means the sample is not repre-
sentative of the population.

Concerning the testing, the German version of
the IFIS questionnaire was only validated for
adolescents, but since our participants were all
between the ages of 18 and 23, we decided to
still use it in the sessions. To collect data about
the perception of pain we used exclusively ther-
mal stimulation. However, previous research
(Sherman & LeResche, 2006) showed that the
impact of menstrual cycle phases on pain
thresholds is different for different types of stim-
ulation, therefore including e.g., electrical or
pressure stimulation would have helped vali-
date our study. In the Cold-Pressor-Test, the
water temperatures were not always precise
but fluctuated from about 4 to 6 degrees Cel-
sius and since the water did not circulate the
conditions under which this testing took place
did not allow accurate measurements in the
Cold-Pressor-Test.

In further research, contraception should be in-
cluded as a group factor since the hormonal
level seems to be responsible for changes in
pain perception and interoception, so it makes
a difference whether the participants use
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hormonal contraceptives or not. In this context,
an addition to the methods of the study could
be measuring gonadal hormone levels, be-
cause it cannot be assumed that the hormonal
milieu of one menstrual cycle is identical to an-
other and to better determine the dates for the
testing according to the menstrual cycle
phases. In addition, measuring more than one
cycle would improve the quality of the data.

Summary & Conclusion

To summarize, the review of the literature sug-
gests a variety of results, implying that if there
is a correlation between gonadal hormone lev-
els and pain sensitivity, it's not a simple linear
one. Alternative explanations of our findings,
mainly the higher thresholds during the luteal
phase, not relating to menstrual cycle effects
probably exist, such as different types of brain
responses. In fact, a few of the already men-
tioned studies present that even when behav-
ioral pain responses did not change, there are
alterations in brain activity patterns in areas im-
plicated in cognitive pain regulation in associa-
tion with hormonal changes in the menstrual
cycle. The brain areas affected were linked to
cognitive and motor function rather than pain
perception, suggesting that cognitive pain mod-
ulation and physical awareness systems are
vulnerable to menstrual cycle impacts. (Choi et
al., 2006; de Leeuw et al., 2006; Veldhuijzen et
al., 2013; Lacovides et al., 2015). Unfortu-
nately, in our study these particular phenomena
weren’'t analysed, otherwise this could be a
possible explanation for the moderate link be-
tween hormonal levels and variations in pain
sensitivity and brain activation in response to
painful stimuli during the menstrual cycle (Veld-
huijzen et al., 2013). As suggested by Craft
(2007), gonadal hormones can affect some but
not all forms of pain. Nevertheless, as these
analyses were not assessed in the current
study, all these interpretations remain partially
speculative and other factors that may influ-
ence pain perception during the menstrual cy-
cle cannot be excluded.
To conclude, our research provided great new in-
sights of the influence of the menstrual cycle on
interoceptive accuracy, sensibility and aware-
ness, as well as pain perception, such as the
overall lower pain sensitivity in women during the

luteal phase. The demonstrated inconsistencies,
along with the described methodological prob-
lems, make it difficult to draw conclusions about
the relation of experimental pain and the role of
pain sensitivity in reference to the menstrual cy-
cle. These inconsistencies might be explained by
the small participant sample we provided in this
study, compared to larger and broader samples
in other studies. In spite of that, with this analysis
we still were able to confirm our first and second
hypotheses, which stated that there are different
levels of sensitivity in pain perception as well as
a difference in interoception between the three
menstrual cycle phases. All in all, fitness gener-
ally influences the three interoceptive concepts
positively while depression influences them neg-
atively throughout the menstrual cycle. There-
fore, also our third hypothesis is accepted, like
we expected. These findings lead our study to
successful research and will hopefully be the first
of many concerning the investigation of men-
strual cycle impacts on interoception.
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For several decades, self-concept has been considered as an important hierarchical construct which
has an essential influence on personal thinking, behaviour and decision-making in all areas of life.
Specifically for the structure of academic self-concept, the Marsh-Shavelson-Model plays an im-
portant role and has a huge impact on psychological research (Marsh, 1990). In accordance with
this model, the academic self-concept is divided into a math and verbal self-concept containing do-
main specific subjects. Based on the Internal-/External-Frame of Reference Model, the development
of (explicit) self-concept can be explained by social (interindividual) and dimensional (intraindividual)
comparisons. Furthermore, scholastic achievement such as school grades affect the self-concept
(Maller et al. 2020). In comparison the implicit self-concept affects personal behaviour due to un-
conscious motives and attitudes. The present study examines the academic implicit and explicit self-
concept as well as school grades with the aim of finding out how these factors predict the decision
of study choice either in the domain of natural sciences or humanities. Furthermore, the relation
between both self-concepts and school grades is investigated and whether school grades directly
influence the study choice or if self-concept acts like a mediator between both variables. Gender
and socioeconomic status are treated as control variables. To collect our data, 97 high-school or
first year university students performed an Implicit Association Test and answered an adapted ver-
sion of the “Academic Self-description questionnaire” (Marsh, 1990). The main results of our study
concluded that in combination with the implicit self-concept only the explicit self-concept has an
influence on study choice. Furthermore, a significant association between school grades and explicit
self-concept is found, whereupon there is no relation between school grades and implicit self-con-
cept. Lastly, self-concept does not function as a mediator between school grades and study choice,
since study choice can be directly predicted by school grades.

(international) organisations advertise au pair

1. Introduction

“What are your plans now, since you have fin-
ished high school?” Every year, thousands of
students complete their school careers after
usually 12 or 13 years and are faced with the
question, "What's next?". The “Abitur’ is the
highest school-leaving qualification in Luxem-
bourg and Germany and opens a lot of doors
for the graduates to shape their individual fu-
ture. Since career orientation begins particu-
larly in the last two years of secondary school,
students usually already deal with this question
intensively during this time. Representatives
from universities visit schools and present their
courses of study, a number of apprenticeships
are presented at school fairs, and

stays or work & travel-offers abroad. The op-
portunities nowadays seem endless, and it is
by no means easy to decide on a direction and
to stand behind it completely. If a school leaver
ultimately decides to begin his or her studies,
the specific choice of study is not necessarily
reduced: a variety of fields of study offer the en-
try into any domains which are becoming ever
more diversified. According to that, how do you
finally decide on a course of study? First and
foremost, the choice of study should ideally go
hand in hand with one’s personal interests and
match with their desires. Nevertheless, school
grades play an essential role in whether you
can even be admitted to a degree program at
all. In addition to these obvious influential fac-
tors, subtle factors such as parents’ privily
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expectations or gender-based stereotypes may
be important aspects for one’s decision as well.

The aim of our study is to find out which varia-
bles influence the individual study choice.
Therefore, we investigate the relationship be-
tween school grades, academic self-concepts
and study choice in consideration of gender ef-
fects and socioeconomic status. Nevertheless,
the theoretical findings available on these top-
ics will be presented in more detail below.

2. Theoretical Background

The “APA dictionary of psychology” defines
self-concept as an individual’s description and
evaluation of oneself connected to the personal
picture of their own identity. This self-concept
contains a self-image including both psycholog-
ical and physical characteristics for example
skills and social roles (VandenBos & American
Psychological Association, 2015). Moreover,
the general self-concept can be distinguished
in an explicit and an implicit self-concept.
Whereas implicit motives are usually not under
conscious control and managed automatically,
explicit motives are conscious and influence
thinking and behaviour directly. The individual
is therefore able to express and communicate
about his/her explicit motives. Since internal
mental representations are usually visible only
to a certain degree and difficult to explain by the
performer, an Implicit Association Test can be
used to measure attitudes towards specific
subjects (Hofmann et al., 2005). Explicit mo-
tives can be measured more easily by self-re-
port-questionnaires, because the performer is
aware of them and able to reflect on them
properly. Nevertheless, both explicit and im-
plicit self-concept influence behaviour, judg-
ment, decisions, and mood in different situa-
tions. Self-concept is an important factor in
positive psychology which includes positive be-
liefs and focuses on the outcome of life for the
normal population. In this context, self-concept
functions as a predictor and is regarded as a
mediator between life decisions, persistence of
oneself, and preferable outcome (Moller et al.,
2020). The self-concept as such changes
throughout the whole lifespan, as well as the

personal value of one’s self-concept. Through-
out a meta-analysis, Mdller et al. (2020) reveal
this effect between students from elementary
school and secondary school. With increasing
age, as awareness of individual competences,
personal strengths and weaknesses increase,
it results in a self-concept more strongly corre-
lating with external factors. Furthermore, Marsh
et al. (2015) conclude that different self-con-
cepts are formed in different domains based on
e.g. personal experiences or social influences.
Research based on the topic of self-concept
has grown and improved immensely due to the
increase of quality of measurement instruments
and research designs over the last 40 years
and will be inspected closer in the following par-
agraphs (Marsh et al., 2015). In essence, the
present study will investigate the relationship
between implicit and explicit academic math or
verbal self-concept in relation to school grades
and the prediction of study choice.

The construct of self-concept is nowadays con-
sidered as a multifaceted and hierarchical
model (Liu et al., 2005). In studies in the 1970’s,
Shavelson et al. (1976) foreground the hierar-
chical structure while developing a self-concept
model with a first- and second order, dividing
the general individual self-concept into an aca-
demic self-concept and a non-academic self-
concept. Basically, the academic self-concept
simply includes specific self-concepts in spe-
cific domains. More precisely, self-concepts in
each school subject are built and function inde-
pendently of each other and vary across school
subjects in terms of their expression. In com-
parison, the non-academic self-concept con-
tains specific social, emotional and physical
self-concepts. The latter is only mentioned for
the sake of completeness, nonetheless, only
the academic self-concept has an important rel-
evance in our study and will be focused on sup-
porting and carrying the research questions
and hypotheses. In further research in the
1980’s (N = 758), Marsh and Shavelson were
able to approve the hierarchical order of self-
concept, however it was not possible to confirm
the structure of the subordination since it is
more complex than previously assumed. As a
result, they expanded the preceding model and
specified the lower ranks resulting in the
“Marsh/Shavelson-Model of Academic Self-
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Concept” in 1985 and constructed the “Aca-
demic Self-Description Questionnaire” (Marsh,
1990). Based on this model, the general aca-
demic self-concept is divided into a math aca-
demic (including the subjects Mathematics,
Physics, Biology and Chemistry) and a verbal
academic self-concept (including the subjects
English and other languages, History and Ge-
ography). Results of Marsh’s investigation
(1990) show that school subjects within a do-
main are significantly higher correlated than be-
tween the domains.

To get a closer look into the suborders of both
verbal and math self-concepts, the develop-
ment of one’s individual general academic self-
concept has to be explained beforehand. Ac-
cording to the Internal vs. External Frame Ref-
erence Model of Self-Concept, the domain spe-
cific academic self-concept is generated
through social and dimensional comparisons
and dependent on the frame of reference
(Marsh et al., 2015). Basically, social compari-
sons mean interindividual/external compari-
sons, where the student compares personal
performance and achievement to other peers’
achievement. On the contrary, dimensional
comparisons are based on intraindividual/inter-
nal comparisons. Therefore, the student com-
pares personal achievement in one school sub-
ject to achievement in other school subjects.
Theoretically, temporal comparisons do have
an influence on the frame of reference for the
general self-concept as well. According to Mol-
ler et al. (2020), social and dimensional com-
parison effects are stronger, whereby temporal
comparisons are often of less value specifically
for the academic self-concept. Because of that,
they will not be put on record in more detail and
no items relating to this will be used in the ques-
tionnaire of the present study. Achievement
specifically defines the skills and competences
an individual has obtained (Genesee, 2006), in
scholastic terms it is for example indicated in
form of school grades, teacher ratings or objec-
tive test scores (Trautwein et al., 2006). In this
regard, it appears that achievement does play
an important role for the academic self-concept
and affects the self-concept within as well as
between students (Moller et al., 2020). At the
same time, it is important to mention that even
if the achievement of different students seems

to have the same objective characteristics, the
social and dimensional comparisons may lead
to different subjective perceptions concerning
the individual self-concept in the domains
(Marsh et al., 2015). The same objective char-
acteristics describe for example the same
school grade of two students in Math (social
comparison) implicating that the performance
of both students in this subject is similar. Even
if this is the actual case, it does not mean that
both students perceive their mathematical self-
concept in the same way. If one of the students
acquires significantly better or worse school
grades in (e.g.) history than in math (dimen-
sional comparison), this affects the formation of
both math and verbal academic self-concept to
a great extent. According to that, Moéller’s et al.
(2020) investigation (N = 507,787) reassured a
positive correlation between both verbal and
math achievement (r = .48).

In a conducted study (N = 117,321), Marsh et
al. (2015) test the generalizability of the Internal
and External Frame of Reference Model in 13
countries. They assert that achievement in the
same domain is positively correlated to the ac-
ademic self-concept in the corresponding area
(r = .534). Hence, high achievement in the
mathematical area is related to a higher math
self-concept and high achievement in the ver-
bal area is related to a higher verbal self-con-
cept. Coincidentally, the achievement in one
domain is negatively correlated to the other do-
main’s self-concept (r = -.235). The results in
the conducted meta-analysis of Mdller et al.
(2020) additionally confirm that verbal and
math self-concept are nearly uncorrelated (r
=.09). Hence, students rate themselves either
as a verbal or math orientated person which
may explicitly influence the individual choice of
study (Marsh et al., 2015). As mentioned
above, self-evaluation and self-rating applies in
particular to the (subjective) ratings of teachers.
Hereby, the self-rating of personal scholastic
competences and achieved performances in
many cases coincides with the external subjec-
tive perception and assessment of the teacher.
At this point, it is interesting to note that school
grades and academic self-concept in the corre-
sponding domain reflect a correlation with a
medium effect size (b = .50 for first language; b
= .60 for math) and are more positively
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correlated than academic self-concept and
standardised test results, even though the eval-
uation seems more objective (Mdller et al.,
2020). Marsh et al. (2005) reasoned that the
own and the peers’ school grades represent a
salient indicator for the source of feedback and
depict a helpful target value for social and di-
mensional comparisons. Students are familiar
with how school grades are created, while
standardised tests often do not even publish in-
dividual scores. It is not transparently obvious
to students which concrete individual perfor-
mances lead to the result (Mdller et al., 2020).
Thus, school grades can be directly traced
back to the domain specific academic self-con-
cept and release motivational effects. However,
this phenomenon is accompanied by the stu-
dents’ beliefs that teachers know better about
their performance and achievement and are in
a better position to assess students’ academic
competences than they are able to do them-
selves. Self-reflection and self-assessment are
thus restricted to a considerable extent (Marsh
et al., 2015).

During this, the implicit academic self-concept
plays an essential role. As mentioned in the be-
ginning, the displayed behaviour of an individ-
ual is influenced, amongst others, by non-con-
sciously controllable implicit attitudes. This
behaviour is mediated by the internal mental
representation that is attempted to be adhered
to (Greenwald et al., 1998).

In terms of study choice, this compliance in-
cludes, for example, maintaining the achieve-
ment of good grades in order to be able to start
the dream study. In a psychological review,
Greenwald and Banaji (1995) reveal different
influencing psychological phenomena that ex-
plain the development of the implicit self-con-
cept. Approving or disapproving implicit atti-
tudes toward persons, objects, etc. can be
attributed for example to the Mere-exposure-ef-
fect. The mere perception of something previ-
ously judged neutral is eventually evaluated
more positively by repeated perception. Stu-
dents usually perceive their parents' occupa-
tion (which is associated with socioeconomic
status) daily. Because of that, socioeconomic
status may affect the choice of study, meaning
more precisely that parents’ degrees and

occupation have an impact on the chosen do-
main of study.

Furthermore, internalised and learned (often
unconscious) social role expectations and ste-
reotypes play a decisive role here as well. In a
study in 2002, Kessels and Hannover show that
career choice is significantly related to gender
(N =183). Girls (M = 3.01) are more likely than
boys (M = 2.40) to choose a profession in the
verbal/humanities domain. On the other hand,
boys (M = 3.76) tend to choose a profession in
the scientific domain more often than girls (M =
3.56). Consequently, implicit and explicit atti-
tudes can differ, however, there is by no means
a conscious awareness of these differences.

2.1 Objectives

Based on the presented theoretical back-
ground, we define the objectives of our study.
First, it can be stated that self-concept is iden-
tified as an important factor for decisions and
executed behaviour including educational tra-
jectories (Kessel & Hannover, 2002). Particu-
larly in our study, the decision comprehends
the variable “study choice”, since less research
is available here. More precisely, the purpose
is to investigate more fully, whether the per-
sonal study choice is influenced by both implicit
and explicit academic self-concept. In the pre-
sent study, academic self-concept is divided
into humanistic and natural scientific self-con-
cept, however in terms of school subjects, they
are in accordance with the beforementioned
verbal and math self-concept. We used Eng-
lish, German, History and Social Sciences as
subjects for the self-concept of humanities. To
test the self-concept in the natural sciences,
Math, Chemistry, Physics and Biology are the
considered subjects. Secondly, school grades
do in fact affect the self-concept and may dis-
play a strong predictor for one’s individual study
choice. In our study, we will analyse to what ex-
tent the implicit and explicit academic self-con-
cept (and whether it is rather humanistic or sci-
entific orientated) are related to school grades.
Finally, it should be scrutinised whether school
grades are directly related to study choice or if
the effect of grades on study choice is mediated
by self-concept. Gender and socioeconomic
status will be treated as control predictors to
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reduce the influence of possible confounding
effects.

Consequently, we postulate three main hypoth-
eses:

1. The explicit and implicit self-concept have an
impact on the study choice.

2. There is a domain specific positive associa-
tion between school grades and self-concept.
3. Self-concept mediates between school
grades and study choice.

3. Method

To test the hypotheses, an adapted “Implicit
Association Test” (Greenwald et al., 1998) and
a self-questionnaire based on the “Academic
Self-Description Questionnaire” (Marsh, 1990)
are conceived. In the following, the study sam-
ple is described and further details about the
study methods will be explained.

3.1 Participants

In order to design the study, the number of par-
ticipants necessary to find a possible significant
effect in the data has to be defined. This sam-
ple size is determined by the “G-Power 3.1”
analysis program. We performed an a priori
statistical power analysis using linear multiple
regression to support our hypotheses. The
number of tested predictors is three (school
grades, explicit self-concept, implicit self-con-
cept) and the total number of predictors is five
(school grades, explicit self-concept, implicit
self-concept, gender, socioeconomic status). In
a meta-analysis, Moller et al. (2020) reported
an average medium effect size for the associa-
tion between grades and self-concept, whereas
Kessels and Hannover (2002) stated that aca-
demic self-concept is an important determinant
of educational trajectories. Therefore, the effect
size is set on 0.15, the statistical power is set
on 0.8 and the alpha-level on .05. The analysis
ends by giving us the number of participants
necessary, N = 92,

In our study, 98 participants in total are re-
cruited. Among them, 75.5% (N = 74) are fe-
male and 23.5% (N =23) male. One participant

did not answer this question wherefore no as-
signment can take place. The ages of the par-
ticipants range from 16 years to 25 years (M =
19.86, SD = 1.347). We recruited the partici-
pants with the help of social media while shar-
ing the link in Instagram-stories, Facebook-
posts or through personal contacts. In order to
be able to look at a wide range of different sub-
jects, we tried to reach participants from as
many different courses of study as possible.
63,3% (N =62) of our participants have chosen
a subject of study in the domain of humanities
and 32,7% (N = 32) in the domain of natural
sciences. All participants are in their final year
of secondary school or in their first year at uni-
versity. This ensures that they are currently
considering their choice of study or have re-
cently made a choice. In effect, the respond-
ents have a current connection to our study and
can answer the questionnaire without any prob-
lems and know their grades well, which is im-
portant for the self-questionnaire in the second
part of the study. 43.9% (N = 43) of the partici-
pants graduated or will graduate from school in
Luxembourg, 46.9% (N = 46) in Germany and
3.1% (N = 3) in Belgium. 4.1% (N = 4) stated
otherwise and 2% gave no answer (N = 2). We
also determined the highest occupation level of
both parents. Of these, 76 parents are skilled
and 13 are unskilled.

3.2 Procedure

Our study is an approximately 30 minutes com-
puter-based online study programmed by the
“Inquisit”-Software (Version 5.0.14.0) and con-
ducted during a period of four weeks. Subjects
can therefore complete the self-questionnaire
and the Implicit Association Test from their own
laptops/computers. If this option is not available
for individual participants, it is also possible to
complete the study on one of the laptops pro-
vided by the University of Luxembourg. The re-
spective links to the study are shared privately
or publicly on our social media accounts. The
experiment is offered in three languages (Ger-
man, French and English) to obtain a sample
as heterogeneous as possible. As soon as par-
ticipants open the link to the experiment, they
receive some information about the content
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and objectives of the study. It is also transpar-
ently explained that it is an anonymous partici-
pation. There are also two options: on the one
hand, the study can be started (whereby the
participants agree to take part in the experi-
ment and consent to the processing of their
data). On the other hand, it is possible to stop
the study at this point. The anonymity of the test
subjects is guaranteed, as no names are re-
quested for data collection. This personal pro-
tection is ensured by giving each subject an in-
dividual and automatically generated number.
If the participant decides to continue with the
study, the first step is a reaction-timed test re-
ferring to the Implicit Association Test (IAT).
The IAT includes various tasks in order to
measure the participants’ implicit academic
self-concept of both scientific and humanistic
domains. The second part of the study refers to
the measurement of explicit academic self-con-
cept through a questionnaire. In the last step,
participants are asked to answer questions re-
garding their demographic information.

3.3 Measures

To be able to measure the academic self-con-
cept separated as implicit and explicit self-con-
cept, we conduct two different types of tests.

The implicit self-concept reflects implicit atti-
tudes that are usually not under conscious con-
trol. Since there is a link between attitudes and
executed behaviour (Marsh,1990) we want to
measure this without influence, such as reactiv-
ity. These attitudes are measured by indirect
measures so that the subject is not aware of
what the targeted variable is. As mentioned
above, the implicit self-concept is measured by
an adapted version of the Implicit Association
Test (IAT), requesting implicit attitudes towards
various concepts, which are the focus of the
measurement and the attribution (Greenwald et
al.,, 1998). In our study, this concept reflects
the academic self-concept for the domain of
natural sciences and the humanistic academic
self-concept. Participants were asked to con-
duct the IAT and associate personal pronouns
either self-related or other-related to the cate-
gory of natural sciences or humanities. The cat-
egorisation is based on a given predefined key

combination. The IAT contains different blocks
consisting of a practice pass and a real pass
afterwards. For the first task, the targeted con-
cept shows up in a 1-choice task (e.g. self-re-
lated pronouns are to be assigned to natural
sciences; other-related pronouns are to be as-
signed to humanities). In the second task, the
attribution appears in a 2-choice task (e.g. self-
related pronouns and domain correspondent
school subjects are to be assigned to natural
sciences; other-related pronouns and domain
correspondent school subjects are to be as-
signed to humanities). Afterwards, the combi-
nations reverse. Participants shall answer as
quickly as possible and try to keep their error
rate as low as possible. Wherever the categori-
sation takes less time to perform, it reflects
his/her tendency for one of the two academic
self-concepts, either towards natural sciences
or humanities. For example, if a participant is
faster with the association of self-related pro-
nouns and natural sciences than with the com-
bination of self-related pronouns and humani-
ties, he/she is more likely to have an implicit
academic self-concept leaning towards the nat-
ural sciences. The system automatically de-
letes all values of the exercise pass. Reaction
times between 300ms and 3000ms are rec-
orded. However, reaction times under 300 mil-
liseconds are recoded as 300 milliseconds and
reaction times over 3000 milliseconds are re-
coded as 3000 milliseconds (Greenwald et al.,
1998). On the one hand, error values can be
corrected. On the other hand, participants who
performed the IAT incorrectly are detected and
can be excluded from the sample.

The explicit academic self-concept is measured
with an adapted version of the “Academic Self-
Description Questionnaire”, short ASDQ
(Marsh, 1990), in either German, English or
French. The trilingual version ensures that as
many test takers as possible can complete the
tests in their mother tongue. The ASDQ is used
to record the subjects' self-assessments of their
school performance in social (interindividual)
and dimensional (intraindividual) comparison.
Participants should answer questions concern-
ing their perceived academic achievement in
school subjects in comparison to other peers’
achievement and their own achievement in
other school subjects. The examined school
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subjects are German, English, French, History
and Social Sciences that are embraced under
the domain of humanities, and Math, Physics,
Chemistry and Biology that fall in the category
of natural sciences. The self-evaluation is
based on a seven-point Likert-scale, whereas
(1) means “strongly disagree” and (7) “strongly
agree”. Finally, questions concerning the per-
sonal school grades are added, which are ob-
jective performance information. In order to get
a more precise overview of the sample, demo-
graphic information such as gender, age,
mother tongue, country in which the school
leaving certificate was completed and socioec-
onomic status were requested, as well as the
participants' study choice. The socioeconomic
status is targeted by questions regarding the
job (and degree) of the participants' parents.
Whether the parents’ education is considered
as skilled or unskilled is determined based on
the "International Standard Classification of Oc-
cupations” (International Labor Office, 2013),
which classifies occupations into a hierarchical
classification scheme. Parents whose occupa-
tions fell into one of the categories managers,
professionals, technicians and associate pro-
fessionals or clerical support workers were
coded as skilled. On the other hand, parents
whose occupation fell into one of the categories
services and sales workers, skilled agricultural,
forestry and fishery workers, craft and related
trades workers, plant and machine operators
and assemblers or elementary occupations
were coded as unskilled.

3.4 Statistical Analysts

The data is analysed using the statistics pro-
gram "IBM SPSS Statistics 27". In the first
place, we conducted descriptive analyses such
as the mean, standard deviation, number of
participants and frequencies to get a general
idea of the study sample. Analyses of a (step-
wise) binary logistic regression are used to
measure the influence of implicit and explicit
self-concept on study choice and to determine
whether the effect of grades on study choice is
mediated by self-concept or whether grades di-
rectly influence study choice. This answers our
first and third research question. Furthermore,

while using a logistic regression as well, we ex-
amine if extraneous variables such as gender
and socioeconomic status have a significant ef-
fect on the dependent variable, being study
choice. To determine the relationship between
self-concept and school grades, meaning to an-
swer the second research question, a Pearson-
Correlation and a linear regression is used.

4. Results

First of foremost, it is important to mention that
all analyses consider the domain of natural sci-
ences as a reference group.

4.1 Self-Concept as a predictor of study
chozce

As stated in the methods section, the relation-
ship between self-concept and study choice is
measured by conducting a binary logistic re-
gression. As indicated in Table 1, results show
that explicit self-

concept in the domain of humanities and

Table 1. Self-concept as a predictor of study choice
Odds ratio Wald p-value

Explicit Self-Concept Humanities 571 418 .04*
Implicit Self-Concept Humanities .996 3.32 .07
Explicit Self-Concept Natural Sciences 2.28 12.08: HOT
Implicit Self-Concept Natural Sciences .997 1.76 .18
Constant 32 .46 .50

Nagelkerke R? = 0.34

natural sciences functions as a predictor of
study choice. From the Chi-square analysis,
one can conclude that the full model is statisti-
cally significant compared to the constant only
model X*(4, N = 91) = 25.22, p < .001. The
overall prediction success is 75.8%, as well as
86.7% for the domain of humanities and 54.8%
for natural sciences. The explicit self-concept in
the domain of natural sciences is a highly sig-
nificant predictor for study choice, which is re-
vealed by the odd-ratios. They indicate that
participants with a higher implicit or explicit self-
concept in humanities are less likely to choose
to study in the field of natural sciences,
whereas participants with a higher self-concept
in natural sciences are about 2.28 times more
likely to choose to study in that field.
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Furthermore, the implicit self-concept, in both
humanities and natural sciences is not a signif-
icant predictor of study choice. To summarise,
Nagelkerke's R? demonstrates that 34% of the
variance in study choice can be explained by
the indicators of self-concept.

4.2 Domazn spectfic assoctation between
school grades and self-concept

Results of a Pearson-Correlation analysis sup-
port our hypothesis that there is a domain spe-
cific positive association between school
grades and self-concept, especially between
school grades and the explicit self-concept (Ta-
ble 2). In the domain of humanities, there is a
moderate significant correlation between ex-
plicit self-concept and grades. The same ap-
plies for the domain of natural sciences. How-
ever, there does not seem to be a significant
correlation between school grades and the im-
plicit self-concept in both humanities and natu-
ral sciences. Based on the scoring, a negative
correlation coefficient is indicative of a positive

Table 2. Pearson-Correlation between school grades and implicit/explicit self-concept

1 2 3 4 5 6
1. Grades Humanities 387 -.027 -.512* 2027 -.008
2. Grades Natural Sciences .021 150 -183 -507**
3. Implicit Self-concept Humanities 123 -721 -126
4. Explicit Self-Concept Humanities -151 -.036
5. Implicit Self-Concept Natural Sciences .106

6. Explicit Self-Concept Natural Sciences

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

association, i.e. lower grades are indicative of
better achievement whereas higher ratings of
self-concept reflect stronger self-concept.

Besides the Pearson-Correlation analysis, we
conducted a linear regression in-

cluding school grades as the independent vari-
able and self-concept as the dependent varia-
ble of both domains, to see which one predicts
the other. Results of the regression analysis in-
dicate that school grades are significant predic-
tors of self-concept in the domains of humani-
ties F(1, N =66) = 34.155, p < .001 and natural
sciences F(1, N = 25) = 32.872, p < .001. The
R? for the domain of humanities indicates that
26.2% of the variance in self-concept can be
explained by the indicators of school grades in

that specific domain, whereas the R? for the do-
main of natural sciences is 25.7%.

4.3 Self-concept as a mediator between
school grades and study choice

Table 3. Predictors of study choice (mediation analysis)
Odds Wald  p-value
ratio

Step 1

School Grades Humanities 2.96 9.13 .003**
School Grades Natural Sciences .29 1543 .000**
Constant .93 .009 925
Nagelkerke R? = 0.37

Step 2

School Grades Humanities 3.55 6.46 .011**
School Grades Natural Sciences .33 7.29 .007**
Explicit Self-Concept Humanities 1.24 34 56
Implicit Self-Concept Humanities .994 4.44 .04**
Explicit Self-Concept Natural Sciences 1498 1.796 .18
Implicit Self-Concept Natural Sciences 996 1.99 16
Constant .30 1.98 15

Nagelkerke R? = 0.46

A stepwise binary logistic regression was con-
ducted to investigate the third research ques-
tion (Table 3). Before looking into the relation
between school grades, self- concept and
study choice, we included gender and socio-
economic status as

extraneous control variables. Cohen's Kk was
conducted to determine whether there was a
meaningful agreement between two raters on
socioeconomic status. A strong significant
agreement between the two raters' judgements
was found, k = .917, p < .001. Results of the
logistic regression analysis show that if we only
consider the control variables, the model is sig-
nificant, X3(2, N = 89) = 6.04, p < .05. This is
caused by an effect of gender. Gender is signif-
icant when it is the only variable applied as a
predictor of study choice, W(1, N=91) =5.512,
p < .05. However, in combination with the other
variables, it does not have a significant influ-
ence on study choice, W(1, N = 91) = 2.820,
p > .05. For the socioeconomic status (SES),
we differentiated between skilled and unskilled
professions of the students’ parents and we
came to the same conclusion that if combined
with the other variables, the SES does not have
a significant influence, nor does it significantly
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predict study choice, W(1, N = 89) = .012,
p > .05. Also, SES has no significant influence
on study choice, when it is the only variable ap-
plied besides study choice. Due to the fact that
both gender and socioeconomic status are not
seen as predictors of study choice, we do not
consider these control variables in the following
analysis.

In the first step of the binary logistic regression,
school grades were entered as predictors of
study choice. From the Chi-square analysis,
one can conclude that the full model is statisti-
cally significant compared to the constant only
model X*(2, N = 91) = 28.33, p < .001. The
overall prediction success is 68.9% (86.4% for
humanities, 35.5% for natural sciences). Re-
sults in Table 3 indicate that school grades in
both humanities and natural sciences are sig-
nificant predictors of study choice. Considering
the odd-ratio, we can see that for every unit that
grades in humanities increase - meaning a
worse achievement - the chance that the per-
son will choose to study natural sciences in-
creases with a factor of 2.96, whereas for every
unit that a student achieves poor performance
in natural sciences and experience a degrada-
tion of the grades, the chance that the person
will choose to study natural sciences is reduced
with a factor of .29. Combined, school grades
can explain 37% of the variance in study
choice.

In the second step, self-concept is included in
the model of the binary logistic regression. Alt-
hough the Nagelkerke R? increases to 46%, the
Chi-square analysis indicates that adding these
predictors does not significantly improve the
model, X?(4, N =91) = 8.43, p = .08. Contrarily,
the whole model is significant, X34, N = 91) =
36.752, p < .001. In other words, indicators of
self-concept do not significantly predict study
choice after controlling for school grades.

5. Discussion

The aim of the present study was to determine
the relationship between implicit and explicit
self-concept, school grades and study choice.
With our analyses we can confirm, as well as
reject our hypotheses.

J.1 Hypotheszs 1

Results of a binary logistic regression showed
that self-concept has an impact on the choice
of study. More specifically, study choice could
be significantly predicted by both explicit self-
concept in humanities and explicit self-concept
in natural sciences. Our first hypothesis is
therefore partially rejected because the implicit
self-concept in natural science and humanities
has no significant impact. This can be ex-
plained by the fact that one will be more likely
to pursue studies in a field in which they per-
ceive themselves to be successful and in which
they are explicitly more interested in. Success
in a subject can for example be expressed by
good grades or good teacher-ratings. In fact, if
one gets good grades in a school subject, the
possibility that one will also choose a related
career path is higher than for a school subject
in which one gets lower grades and as a result
the explicit self-concept is strengthened. Be-
cause the implicit self-concept contains our un-
conscious attitudes, it is less visible. The ex-
plicit self-concept includes attitudes that are
consciously accessible to us and thus directly
influence behaviour. For this reason, it is more
internalised and has a stronger influence on
study choices than the implicit self-concept.

J.2 Hypothesis 2

The Pearson-Correlation analysis revealed a
significant relationship between school grades
and explicit self-concept. Moreover, using a lin-
ear regression shows that school grades are a
significant predictor of the self-concept in hu-
manities and natural sciences, which is already
described by Moller et al. (2020). This is the
case because conscious comparisons of
grades are made on a social and dimensional
level. Comparing grades with other students or
comparing one's own grades can have both
positive and negative effects on self-concept.
Good grades are usually motivating and there-
fore have a positive effect on the self-concept,
while bad grades tend to be demotivating. How-
ever, lower grades can also increase motiva-
tion as students try to improve their perfor-
mance and achieve better results. Thus,
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comparing ourselves with a student who has
lower grades increases our self-concept and
comparing ourselves with a better student has
a negative effect on our self-concept. It is im-
portant to note that such comparisons always
depend on the frame of reference. For exam-
ple, if you always get good grades in math, but
the person or subject you are comparing your-
self to is better than you, this will have a differ-
ent effect on your explicit self-concept than
comparing oneself to someone with worse
grades. Various psychological theories confirm
that people strive for a positive self-image and
self-concept. To satisfy this need, they seek
consistent information that enhances the self-
concept. Grades are beneficial in this respect,
as they provide a quick and uncomplicated ba-
sis for comparison due to their standardisation
in the respective school system. However, no
correlation was found between school grades
and implicit self-concept. From this we can con-
clude that our conscious self-concept has an in-
fluence on whether we are more likely to get
good or bad grades. Our unconscious self-con-
cept, on the other hand, does not play such a
big role. This could be explained by the fact that
grades are more likely to be used explicitly
through the earlier mentioned dimensional and
social comparisons, while our implicit self-con-
cept is more likely to encompass our uncon-
scious attitudes. In conclusion, we can partially
accept our second hypothesis.

J.3 Hypotheszs 3

The results of the stepwise logistic regression
reveal that gender and socioeconomic status
have no influence on study choice when con-
sidered in addition to the other variables. How-
ever, the variable gender itself, without looking
at the other variables, does have an influence
on the choice of study. This could be explained
by the gender-specific stereotype, which was
also described in the study by Kessel and Han-
nover (2002). Girls are used to being more in-
terested in the humanities and boys in the nat-
ural sciences and are therefore more likely to
choose studies in this direction. Nevertheless,
the fact that school grades are a stronger pre-
dictor for study choice than gender can be

explained that in our Western society young
people are usually encouraged to pursue indi-
vidualistic goals which includes personal self-
development free from gender-stereotypic ex-
pectations. For this reason, grades are thus
more salient than gender as they make (appar-
ently) objective statements about performance
that could also ensure success at work later on.
Nowadays, there is a conscious effort to make
sure that both boys and girls can gain an equal
insight into different domains, for example at
career fairs. In addition, many science-oriented
degree programs, universities or companies
are trying to make natural science fields more
attractive to girls and humanities fields more at-
tractive to boys attempting to break down gen-
der stereotypes and counteract prejudices.

The statistical analysis reveals that if you have
better grades in a subject, you are more likely
to study in that field later on and vice versa
wherefore study choice can be predicted signif-
icantly by school grades. Adding indicators of
implicit and explicit self-concept to the equation
did not significantly improve the model. This in-
dicates that there may be shared variance be-
tween grades and self-concept in the prediction
of study choice. Therefore, no support for the
mediation was found, and consequently, our
third hypothesis is rejected. These results show
that school grades and self-concept do not
have a unique effect on the study choice, as
described for example by Moller et al. (2020).
In addition to grades, objective tests and
teacher ratings are also used to determine the
academic self-concept, although these are less
decisive for the formation of the self-concept.
This can be explained by the fact that grades
are the strongest indicators of one's perfor-
mance during the school career, as they ap-
pear most frequently in assessments and
therefore stand out. In the life of a competitive
performance society, grades in the school sys-
tem are the simplest tangible and quantified
unit for making social and dimensional compar-
isons. A very good grade, which corresponds to
a “1” (best grade in the German school system),
is in any case always a “1” and implicates ob-
jectively a better achievement than a student
receiving a school grade of “2”. How the com-
parisons affect the self-concept always de-
pends on the frame of reference. As a result,
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and as mentioned above, grades are more sa-
lient and are more likely to be used for choosing
a course of study. Especially in science sub-
jects, which are seen as more difficult and de-
manding in society, grades are a crucial indica-
tor and reason for choosing a field of study in
this domain. Here, the construct of self-efficacy
plays a role in whether students assess them-
selves and their abilities so that they will suc-
cessfully complete a course of study in the nat-
ural sciences. If students already achieve good
grades in science subjects at school, this influ-
ences their attitude toward their own compe-
tences. If we come back to the striving for a
positive self-image, students already have a
certain guarantee to be able to master the
study successfully. More precisely, if they al-
ready achieve good grades in this domain dur-
ing their school years, they will step into the
study more self-confident which may have an
effect on the achievement during their studies.
Thus, grades can be seen as a protector of the
self-image.

In addition, many degree courses in Germany
require a numerus clausus (NC), which in turn
expresses the importance of grades. The
school and university system thus requires
from the outset that one has the appropriate
grades in order to be able to take the desired
course of study, wherefore students learn from
the very beginning the relevance of school
grades.

6. Limitations and Outlook

Even though our study revealed significant re-
sults, limitations of this research have to be
considered and outlooks for further studies can
be made. First, we have more female than male
participants in our study sample whereas most
of the participants have chosen a humanities
degree program and are more likely to have a
humanities oriented self-concept. This might be
a possible confound because boys probably
still tend to prefer to choose a field in the do-
main of natural sciences and girls in the field of
humanities. For these reasons, our study is not
necessarily well generalisable, as gender and
majors are not equalised. To assure more pre-
cise results, future studies should try to recruit

the same amount of participants that study hu-
manities and natural sciences. This would allow
it to make it possible, to look more closely at
gender differences, whether women really are
more likely to have humanities oriented self-
concept than men and whether there are signif-
icant differences to previous years and why this
is (still) the case. Besides, the fact that we only
have participants from the Western European
school system means that our study sample
may not be representative for the general pop-
ulation. Since our sample mainly contains stu-
dents from Luxembourg and Germany, the
school systems are very similar and can for ex-
ample not be well compared to the school sys-
tem in Asian countries. Different countries have
different school systems and sometimes also
different concepts of learning. In some cultures,
lesson contents for example mostly focus on
subjects in scientific domains or are mostly hu-
manities orientated. This may have an impact
on the students’ grades and self-concept since
they are socialised differently from the outset.
Future studies could include examining cultural
differences more closely to be able to see how
much these differences influence the choice of
study. Furthermore, it might be interesting to
analyse, whether the impact of school grades
on study choice can be found cross-cultural as
well, to generalise the effect or whether the rel-
evance of grades is lower in other school sys-
tems.

Moreover, a longitudinal study can be con-
ducted to examine the relationship between
self-concept and grades further. In that way a
longer period of time can be analysed and it
would be possible to learn more about the de-
velopment of the academic self-concept. In our
study, we do not include changes or develop-
ments in grades, but only ask the participants
about grades at one point in time. During a lon-
gitudinal study, significant changes in individual
school grades can be registered that may
therefore change the explicit self-concept over
time. In this way, it can be scrutinised whether
intraindividual temporal comparisons may not
play a more decisive role than previously as-
sumed.

In our study we only focused on how grades
and self-concept influence the study choice.
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Another interesting approach would be to add
enjoyment as another variable.

All in all, we can conclude that the academic
self-concept does have an influence on study
choice. Nevertheless, in combination with
school grades, the impact is significantly lower,
which shows the immense influence of grades
on the choice of study. Based on the results, we
would like to give one last critical thought-pro-
voking impulse: although grades certainly say
a lot about the school performance, it must al-
ways be kept in mind that they can exert enor-
mous pressure on students at the same time. It
should therefore be considered that good
grades in a subject are probably a good pre-
condition for a field of study in a similar domain,
but that other factors (depending on the field)
such as empathy, logical understanding, team
skills, etc. play an essential role for a success-
ful career as well. Accordingly, it is important to
emphasise that grades do not determine an ab-
solute career path.

References

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-
G. (2009). Statistical power analyses us-
ing G*Power 3.1: Tests for correlation
and regression analyses. Behavior Re-
search Methods, 41(4), 1149-1160.
https://doi.org/10.3758/BRM.41.4.1149

Genesee, F. (2006). Educating English lan-
guage learners: A synthesis of research
evidence. Cambridge University Press.

Greenwald, A. G., & Banaji, M. R. (1995). Im-
plicit social cognition: Attitudes, self-es-
teem, and stereotypes. Psychological

Review, 102(1), 4-27.
https://doi.org/10.1037/0033-
295X.102.1.4

Greenwald, A. G., McGhee, D. E., & Schwartz,
J. L. K. (1998). Measuring individual dif-
ferences in implicit cognition: The implicit
association test. Journal of Personality
and Social Psychology, 74(6), 1464—
1480. https://doi.org/10.1037/0022-
3514.74.6.1464

Hofmann, W., Gawronski, B., Gschwendner,
T., Le, H., & Schmitt, M. (2005). A meta-
analysis on the

correlation between the implicit association test
and explicit self-report measures. Per-
sonality & social psychology bulletin,

31(10), 1369-1385.
https://doi.org/10.1177/01461672052756
13

International Labor Office. (2013). International
Standard Classification of Occupations
2008 (ISCO-08): structure, group defini-
tions and correspondence tables. Inter-
national Labor Office.

Kessels, U. & Hannover, B. (2002). Die Auswir-
kungen von Stereotypen Uber Schulfa-
cher auf die Berufswahlabsichten Ju-
gendlicher. In Spinath, B. (Hrsg.) &
Heise, E. (Hrsg.), Padagogische Psycho-
logie unter gewandelten gesellschaftli-
chen Bedingungen: Dokumentation des
5. Dortmunder Symposions fiir Pddago-
gische Psychologie (S. 53-67). Kovac.

Liu, W. C., Wang, C. K. J., & Parkins, E. J.
(2005). A longitudinal study of students’
academic self-concept in a streamed set-
ting: The Singapore context. British Jour-
nal of Educational Psychology, 75(4),
567-586.
https://doi.org/10.1348/000709905X422
39

Marsh, H. W. (1990). The structure of academic
self-concept: The Marsh/Shavelson
model. Journal of Educational Psychol-
ogy, 82(4), 623—636.

https://doi.org/10.1037/0022-0663.82.4.623

Marsh, H. W., Trautwein, U., Lidtke, O., Koller,
0., & Baumert, J. (2005). Academic Self-
Concept, Interest, Grades, and Standard-
ized Test Scores: Reciprocal Effects
Models of Causal Ordering. Child Devel-
opment, 76(2), 397-416.
https://doi.org/10.1111/j.1467-
8624.2005.00853.x

Marsh, H. W., Abduljabbar, A. S., Parker, P. D.,
Morin, A. J. S., Abdelfattah, F.,
Nagengast, B., Mdller, J., & Abu-Hilal, M.
M. (2015). The Internal/External Frame of
Reference Model of Self-Concept and
Achievement Relations: Age-Cohort and
Cross-Cultural Differences. American
Educational Research Journal,
52(1),168202.

https://doi.org/10.3102/0002831214549453

73


https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BRM.41.4.1149
https://psycnet.apa.org/doi/10.1037/0033-295X.102.1.4
https://psycnet.apa.org/doi/10.1037/0033-295X.102.1.4
https://doi.org/10.1037/0033-295X.102.1.4
https://doi.org/10.1037/0033-295X.102.1.4
https://psycnet.apa.org/doi/10.1037/0022-3514.74.6.1464
https://psycnet.apa.org/doi/10.1037/0022-3514.74.6.1464
https://doi.org/10.1177/0146167205275613
https://doi.org/10.1177/0146167205275613
https://doi.org/10.1348/000709905X42239
https://doi.org/10.1348/000709905X42239
https://doi.org/10.1348/000709905X42239
https://doi.org/10.1037/0022-0663.82.4.623
https://doi.org/10.3102/0002831214549453

Gend, Havani,Hilgert, Kiipper, Origer, Remy — From Self-concept to study choice

Moller, J., Zitzmann, S., Helm, F., Machts, N.,
& Wolff, F. (2020). A meta-analysis of re-
lations between achievement and self-
concept. Review of Educational Re-
search, 90(3), 376—419.

https://doi.org/10.3102/0034654320919354

Trautwein, U., Ludtke, O., Koller, O., &
Baumert, J. (2006). Self-esteem, aca-
demic self-concept, and achievement:
How the learning environment moderates
the dynamics of self-concept. Journal of
Personality and Social Psychology,
90(2), 334-349.
https://doi.org/10.1037/0022-
3514.90.2.334

VandenBos, G. R., & American Psychological
Association (Hrsg.). (2015). APA diction-
ary of psychology (Second Edition). Ame-
rican Psychological Association.

74


https://doi.org/10.3102/0034654320919354
https://doi.org/10.1037/0022-3514.90.2.334
https://doi.org/10.1037/0022-3514.90.2.334
https://doi.org/10.1037/0022-3514.90.2.334

Luxemburger Experimentalpraktikum Journal (LEx), 16, 2022

Meta Analysis of Social Desirability Across Survey
Modes

Dea Dautaj, Joyce Haler, Laura Heffentrager, Audrey Kontshakovski, Lea Muller, Hannah Streubert

Supervisors: Dr. Andreia Costa, Dr. Philipp Sischka, Christina Reisinger, Miriam Zimmer

Studies investigating the effect of different assessment modes on socially desirable response be-
haviour, come to dissimilar conclusions. Following on from this, the presented study was carried out
to investigate the aforementioned topic in relation to the paper-pencil and online assessment modes.
For this purpose, data from a total of eight studies with an overall sum of 4015 was analysed. Mostly
college students were recruited, who had to be at least 18 years old and should not be diagnosed
with any iliness. The response behaviour was measured using the Balanced Inventory of Desirable
Responding (BIDR) and the Marlowe-Crowne Social-Desirability Scale (MCSD) scales. In addition
to the main effect investigated between assessment mode and socially desirable response behav-
iour, gender and publication year were also considered as potential factors correlating with social
desirability. No significant effects were found neither for the main effect nor for the examined mod-

erators.

1. Introduction

In the 21st century, computers and
the Internet are more present than ever and
are becoming increasingly important
(Couper, 2011). Hardly any area of life is
not affected by digitization. This also ap-
plies to a wide variety of tests and data col-
lection in psychology. No matter how care-
fully one tries to proceed, there are certain
variables that limit the validity of the results
(Krebs, 1991). These also include social
desirability. By definition, this contains, “on
the one hand, a personality trait manifested
in the need for social recognition, on the
other hand, a situation-specific reaction to
data collection, whereby actual facts are
concealed or glossed over because of cer-
tain fears of consequences" (Stangl,
2021).

From the point of view of the "ra-
tional choice theory" (RCT), this behaviour
can be explained by a conscious decision-
making process in which individual costs
and benefits of the behaviour are weighed
up (Krebs, 1991). The theory assumes that
an individually different need for recognition
is an intrinsic motivation for behaviour and
therefore has a decisive influence on the
factor of social desirability. In addition,
there is, as a cognitive basis for explana-
tion, the expectation of external conse-
quences. The extent of this depends on the
way the study is conducted and the way
data are collected. Depending on how
anonymous and private the participating
person assesses the treatment of their
given data, they will answer in a socially de-
sirable way in order to satisfy the need for
recognition or to avoid negative reactions
(Stocke, 2004). Buchanan (2000) already
observed that social desirability is indispen-
sably connected to privacy and anonymity.
Related to RCT theory are the assumptions
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about impression management (IM)
(Paulhus, 1984) as also mentioned in the
definition. This refers to various conscious
techniques that are used to present oneself
positively to others (Impression Manage-
ment, n. d.). These are strongly context de-
pendent. In addition, Paulhus (1984)
speaks of self-deceptive enhancement
(SDE), which can be regarded as a stable
personality variable. Here, the focus is on
striving to create or maintain a positive self-
image of oneself.

Many studies have looked at as-
sessment mode differences over the past
decades, including the difference between
online and paper-pencil. The results do not
show a consistent trend and it is still not
clear whether and if so, how different as-
sessment modes affect the tendency to re-
spond in a socially desirable way. Some
studies (Joinson, 1999; Martin & Nagao,
1989) have concluded that the tendency to
respond socially desirable decreases when
surveys are taken in computer format. Bu-
chanan's (2000) "Candor Hypothesis,"
which assumes the above-mentioned ef-
fect, supports this tendency. Contrary to
these findings, Lautenschlager & Flaherty
(1990) and Rosenfeld et al. (1996), for ex-
ample, observed that the tendency for so-
cially desirable responding increases in
computer formats as opposed to paper-
pencil. In turn, other studies failed to find
any effects of administration modes (Booth-
Kewley et al., 1992; Chua et al., 2006). A
meta-analysis by Dodou & de Winter
(2014) confirmed this assumption. Here, no
effect of the different modes was found.
However, several meta-analyses did not
reach a coherent conclusion either. Weis-
band and Kiesler (1996) and Dwight and
Feigelson (2000) concluded that socially
desirable response tendencies decrease
with computer surveys, in line with the Can-
dor Hypothesis. However, Dwight and Fei-
gelson (2000) distinguished between the

two components of social desirability IM
and SDE (Paulhus, 1984), finding a signifi-
cant effect only for IM. These results were
confirmed by Gnambs (2014). He found in
his meta-analysis that individuals in com-
puter-based surveys were 1.5 times more
likely to answer questions about sensitive
behaviour truthfully than those in PP. It
should be noted, however, that these re-
sults were not measured by social desira-
bility (SoD) scales but by willingness to talk
about sensitive topics. Richman et al.
(1999), did not find any effects of the
modes per se, but only possible influences
of the setting. They found that in an individ-
ual setting, less SoD occurred in computer
than in paper- pencil (PP) for example.
Many of the studies looking at mode differ-
ences also noted the perceived anonymity
of the situation as a determining variable.
Some studies found that there were signifi-
cantly fewer socially desirable responses
with increased anonymity (Joinson, 1999;
Rosenfeld et al., 1996; Gnambs & Kaspar,
2014). However, others found no significant
effect (Dodou & de Winter, 2014; Richman
et al, 1999; Fox & Schwartz, 2002). As
seen, the results are contradicting. There-
fore, we will conduct a meta-analysis con-
cerning possible mode effects.

Additionally, gender may also be a
potential factor for differences in the ten-
dency to respond in a socially desirable
manner. Gnambs and Kaspar (2014) and
Pope-Davis and Twing (1991) found no sig-
nificant differences of gender on socially
desirable responding in different modes.
Krebs (1991) also noted that the tendency
to respond socially desirable was the same
for males and females. However, there are
many studies that indicate attitudinal differ-
ences between men and women when it
comes to computers. Women are more
sceptical of computers, spend less time
with them, and arguably take longer overall
to learn about and become comfortable
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with such new devices than men (Miles &
King Jr., 1998; Broos, 2005). Women are
also usually found to have higher scores for
internet anxiety (Broos, 2005; Meier & Lam-
bert, 1991). It is interesting to note that
both a study by Joiner et al. (2005) and a
study by Miles and King (1998) found no
gender differences in computer anxiety and
computer knowledge among college stu-
dents. This could be explained by the fact,
that students nowadays, regardless of gen-
der, have grown up with and are therefore
accustomed to computers and use them in
university (Miles & King, 1998).

Also, it is hypothesized that mode ef-
fects on social desirability responses
change according to the publication year. A
large number of studies have observed a
decline in the "Candor Hypothesis" (Bu-
chanan, 2000) over the years (Dodou & de
Winter, 2014; Gnambs & Kaspar, 2014;
Booth-Kewley et al., 1996). Dwight and Fei-
gelson (2000) note that in the 1990s, effect
sizes were almost always around zero and
suggest, for example, as a potential reason
that understanding of a computer's capabil-
ities has improved over the years. This
goes along with the so-called "Big Brother
Syndrome" (Martin & Nagao, 1989), in
which the anonymising effect of computers
is assumed to be reversed by a higher un-
derstanding of various "surveillance capa-
bilities" of a computer and the Internet. A
study by Rosenfeld et al. (1996) talks about
the fact that nowadays the message people
get from computers has more and more to
do with surveillance and monitoring. This,
of course, has implications for the per-
ceived anonymity and privacy already men-
tioned. Since people nowadays are much
more familiar with the fact that computer
networks are interconnected and their an-
swers can be quickly checked, they pay
more attention to truthful answers when
there is a possibility for verification, accord-
ing to Martin & Nagao (1989). If this is not

the case, as for example in SoD scales,
which have no "true" values and measure a
latent construct (Tourangeau & Yan, 2007),
socially desirable responding increases
again. However, Gnambs & Kaspar also
noted in their 2014 meta-analysis that ef-
fects that support less socially desirable re-
sponding in computer formats have in-
creased again in the last decade, which
may be due in part to habituation effects
and greater acceptance of computer-based
psychological testing procedures. Due to
the given empirical evidence, no clear di-
rection can be identified so far, which is why
we will investigate this phenomenon again
in the present meta-analysis. In contrast to
many other meta-analyses, we will focus
exclusively on persons aged 18 or
older. This decision is based on the fact
that the questionnaires used, meaning the
BIDR and the MCSD scale, are validated
only for persons aged 18 and older. In a
study from 1991, Krebs found that some
age ranges are more prone to SoD answer-
ing than others. Another study by Mwam-
wenda (1995) found that adolescents show
significantly higher SoD tendencies than
adults. It is therefore reasonable to assume
that the inclusion of participants younger
than 18 would alter the results. This is an
influencing factor that can be eliminated by
adult-only participants.

Furthermore, in this meta-analysis,
only studies that use already validated
scales such as the BIDR or the MCSD are
being used. Dwight and Feigelson (2000)
for example, noted that the many different
results could be due to the fact that no uni-
form instruments were used to measure so-
cial desirability.

Accordingly, with our meta-analysis,
we hypothesize that (1) assessment modes
have an effect on the tendency to answer
socially desirable. Furthermore, because
various studies talk about sex differences in

77



Dautai, Haler, Heffentrager, Kontshakovski, Miiller, Streuhert — Meta Analysis of Social Desirability Across Sur-
vey Modes

attitudes towards computers, a potential ef-
fect of gender will be investigated. We as-
sume (2) that women tend to answer more
socially desirable in computer surveys than
men. Because of possible changes regard-
ing the opinion about computers and the in-
ternet (Big Brother Syndrome) we further
hypothesize that (3) the year of publication
has an effect on the use of different assess-
ment modes and socially desirable re-
sponding.

2. Methods
2.1 Procedure

The literature was conducted via
multiple databases, namely Psycinfo and
GoogleScholar. This was done via a search
string using keywords such as social desir-
ability, sensitive questions in combination
with paper-pencil, web-based, computer-
ized questionnaire and other synonyms in
relation to this topic (see Appendix A1).

Once the database was complete,
all studies were transferred into CADIMA.
CADIMA is a free web tool facilitating the
conduct and assuring for the documenta-
tion of systematic reviews, systematic
maps, and further literature reviews.

It is to note that this project is part of
a larger network-meta-analysis, where all
possible administration modes are being in-
vestigated and compared. Therefore, it in-
cludes a fairly large number of papers. The
comparison between PP and computer is
only a small part of this larger project, which
is why not all of the found studies relate to
this comparison specifically.

A study was included in the meta-
analysis when it fit the following criteria: (a)
The fulltext is available in English lan-
guage. (b) The publication type is a journal

article. (c) If a score of social desirability for
either a paper-pencil or a computer-based
questionnaire is reported with one of the
following social desirability scales: the Bal-
anced Inventory of Desirable Responding,
the Marlowe Crowne Social Desirability
Scale, L- or K-scales of the Minnesota Mul-
tiphasic Personality Inventory. The short
versions of each questionnaire were ac-
ceptable as well if they had been approved.
(d) The study contains the following Statis-
tical metrics: (d.1) the sample size for both
compared groups, mean (M) for the esti-
mated social desirability on the respective
questionnaire for or standard error (SE) of
both compared groups or full sample stand-
ard deviation; (d.2) Hedges’ g for the esti-
mated social desirability comparison be-
tween both groups; (d.3) Cohens d for the
estimated social desirability comparison
between both groups, total sample size;
(d.4) T-value of t-test or its p-value for the
estimated social desirability comparison
between both groups, sample size for both
compared groups or total sample size;
(d.5.) F-value (one-way-ANOVA) for the es-
timated social desirability comparison be-
tween both groups, sample size for both
compared groups or total sample size;
(d.6.) Unstandardized or standardized re-
gression coefficient for the estimated social
desirability comparison between both
groups, sample size for both compared
groups, SD of group comparison.; (d.7.) Ei-
ther the ANCOVA F-value for the estimated
social desirability comparison between
both groups and sample size for both com-
pared groups and (covariate outcome cor-
relation or multiple correlation) and number
of covariates, the adjusted mean from AN-
COVA for both compared groups and ad-
justed or pooled standard deviation and
sample size for both compared groups and
(covariate outcome correlation or multiple
correlation) and number of covariates, the
ANCOVA p-value (one or two-tailed) and
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sample size for both compared groups and
(covariate outcome correlation or multiple
correlation) and number of covariates and
tailedness of ANCOVA p-value (one or two
tailed) or the ANCOVA t-test and sample
size for both compared groups and (covari-
ate outcome correlation or multiple correla-
tion) and number of covariates; (d.8.) Chi-
Square coefficient for the estimated social
desirability comparison between both
groups or the p-value of the chi-square or
phi-square and a vector of total sample
size(s). (e) An experimental design was
employed. (f) The study includes only par-
ticipants with minimum age of 18. (g) The
study includes a comparison of the assess-
ment modes paper-pencil and online that
reports a score for social desirability on the
mentioned questionnaires.

The study was excluded if one of the
following criteria was fulfilled. (h) If study
participants needed to be diagnosed with a
preexisting physiological or psychological
illness. (i) The participants were exclusively
recruited from a forensic population. (j) The
study explicitly stated interventions to pre-
vent social desirable responding, not
meaning skipping of elements or backtrack-
ing in the questionnaire nor the choice of
answering setting or proctoring. (k) There is
no comparison after controlling for the com-
parison exclusion criterion for instance after
using an intervention for preventing social
desirability.

Furthermore, all studies were
screened by two different group members
first by title and abstract and if not excluded
by then, by fulltext to find eligible studies.

For the data analysis, the Cohen’s d
effect size was used. It is a standardized
effect size for mean differences (Cohen,
1988).

After the results showed that the heteroge-
neity was overly high, it was decided to use
the random effects model. Contrary to the
fixed effects model, it assumes that the av-
erage standard error in the population var-
ies from study to study not only because of
random error but also because of true vari-

M1-M2 SD12+SD22
Cohen'sd = - , where SDpooled = (—2
SDpooled 2

ation in effect sizes from study to study
(Borenstein et al., 2007).

2.2 Materials

Social desirability bias can be meas-
ured through means of formal scales or
through the responses to follow-up ques-
tionnaires. These methods contain sensi-
tive questions that are designed to examine
if the participants answer socially desirable
(Dodou & de Winter, 2014). These contain
sensitive questions to see if the participants
have a response bias concerning social de-
sirability. Richman et al. (1999) recognized
that instruments specifically designed to
measure social desirability distortion [...]
are more reliable and direct indicators of
distortion than instruments used to meas-
ure diverse other traits, syndromes, affti-
tudes, and behaviour (p.757). This sup-
ports the choice to only use validated
scales in the meta-analysis.

The MCSD (Crowne and Marlowe,
1960) and the BIDR (Paulhus, 1984) scales
were used as measurement instruments.
Although not given in the selected studies,
the L and K scales of the Minnesota Multi-
phasic Personality Inventory (MMPI), could
have been used.

The MCSD scale is a self-assess-

ment questionnaire and includes 33 true or
false items. In 1960, it was developed by
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Crowne and Marlowe to measure self-as-
sessment bias due to social desirability, as
this is considered one of the most common
difficulties in surveys. An illustration of this
scale is: “I am always careful about my
manner of dress” or “I'm always willing to
admit it when | make a mistake.” which are
the items 7 and 16.

The BIDR was developed in the
same way as the MCSD as Measurement
and control of response bias. It was devel-
oped by Paulhus (1984). It comprises a to-
tal of 40 items and 2 subscales. The first
subscale is the Self-Deceptive Enhance-
ment subscale, which assesses whether
the respondent's answer is honest and sin-
cere. An example of this scale is: "l am a
completely rational person". The second
subscale is Impression Management, i.e.,
the tendency for social recognition. "Once
in a while | laugh at a dirty joke" is a typical
example for this scale.

3. Analysis

Besides the moderators publication
year and gender proportion, setting was
chosen as a potential confounding variable,
as well.

For instance, in a laboratory setting,
there should be no confounding variables
present, whereas these can appear in a
non-lab setting, e.g., at the university in the
presence of other students. To analyse the
effect of this moderator, we coded labora-
tory with 1 and non-laboratory with 0.

Gender proportion was chosen as
another moderator variable to analyse if the
majority of the participants being women af-
fects our data and the effect size in general.
The proportion was coded as follows: more
women in the studies were coded as 1, and
more men as 0.

To analyse if significant effects can
be found, the effect size of Cohen’s d was
used. The effect sizes can be understood
as follows: a positive effect would suggest
higher SoD scores in the computer assess-
ment mode, whereas a negative effect
would mean that the SoD scores are higher
in the paper-pencil mode.

To perform the analysis, we used the
Comprehensive Meta-Analysis Software
(CMA). Beginning with the transfer of our
data from the selected studies into the pro-
gram, we then ran the analysis to calculate
our main effect size and examined the het-
erogeneity in the observed effect size.
Moreover, a multiple regression analysis
with the three moderator variables was
conducted.

In addition, a potential publication
bias was investigated. If this were the case,
it would affect the precision and correct-
ness of the calculated effects. To examine
the potential presence of a publication bias,
we used the trim and fill method (Duval &
Tweedie, 2000).

4. Results

Fig. 1 reveals the flow diagram of the
study selection. The use of the PsycINFO
and Google Scholar search operators re-
sulted in 5254 identified papers. 3004 re-
mained after removing all the duplicates.
646 were screened by their titles and ab-
stracts. 304 articles were excluded after the
screening, not fulfilling the inclusion criteria.
The remaining 342 records were then re-
viewed by reading their full-text articles.
335 studies were finally excluded, not fitting
our criteria. All in all, 7 studies’ full-text arti-
cles were included. One full-text article re-
ported results from two different studies
(Study 1 + Study 2), which were treated in-
dependently. Consequently, we conducted
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the meta-analysis with 8 different studies in
total.

Figure 1

Flow diagram depicting the study selection process
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|
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e
with reasons

4.1 Main effect sige

The main outcome is an almost null
adverse effect (d = - .019, p = .939), which
is not significant (Fig. 2). After examining
the heterogeneity, we received an overly
high and significant value for Cochran’s Q:
Q =237.738 for the fixed effects model.

Figure 2

Forest Plot displaying results
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4.2 Regression analysis with moderator
variables

The standardized difference in
means for the laboratory setting was not
significant, with a value of d = .133, p =
.299. The same applies for the standard-
ized difference in means for the non-labor-
atory setting being d = - .127, p = .699. Not
all studies reported exclusively one setting.
Therefore, one study could not be coded
properly. This has to be taken into account
when looking at the overall result. The over-
all effect of the setting is small and not sig-
nificant with d = .129, p = .137.

The regression analysis with the
moderator publication year showed a posi-
tive, but almost null b-value of the regres-
sion equation, which means the younger
the study, the higher the standardized dif-
ference in means. However, this effect was
non-significant (p > .05).

Furthermore, regarding the modera-
tor gender proportion, less women among
the participants lead to a higher standard-
ized difference in means (b = - .561).
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4.3 Publication bias

Table 2 shows that the trim and fill
method resulted in a remarkable difference
between the observed and adjusted values,
which means there is a publication bias
present in this meta-analysis.

Table 2

Duval and Tweedie’s trim and fill for random effects model

Studies trimmed  Point Estimate  Lower Limit Upper Limit

Observed values -0.01863 - 0.49848 0.46122

Adjusted values 5 -0.70745 -0.17714 -0.23776

5. Discussion

The goal of the presented meta-
analysis was to examine differences of so-
cial desirability across paper-pencil and
computer questionnaires, based on 8 stud-
ies published over the last 20 years. In ad-
dition, analyses on the moderator variables
gender, publication year and setting were
conducted.

This meta-analysis is limited in
scope, since it is a small part of a larger net-
work-meta-analysis and was done as part
of an experimental internship, which led to
a limited time. Additionally, the strict inclu-
sion and exclusion criteria do exclude a
considerable part of studies, but bring the
advantage that ambiguities and potential
influencing factors, such as unvalidated
scales, under 18-year-olds or people with
diagnosed mental/physical iliness, can be
circumvented. This allows for better com-
parability and control of certain factors and
valuable insights were gained that can be
included in a larger scale in future re-
search.

Ouir first hypothesis aimed to investi-
gate whether assessment modes, in this
case, PP and computer, have an effect on
the tendency to answer socially desirable.

No significant effects were found and thus
the “Candor Hypothesis” (Buchanan, 2000)
could not be confirmed. The results of this
analysis reinforce the findings of a meta-
analysis by Dodou and de Winter (2014)
who found no effect of administration
modes. This could be explained by the fact
that the two administration modes have be-
come increasingly alike, as well as partici-
pants being accustomed to both formats
(Dodou & de Winter, 2014; Tourangeau et
al., 2007). A computer in the early days
was new and exciting, a neutral device
without any social judgement (Dodou & de
Winter, 2014). This novelty is long gone
and attitudes towards computers have also
changed e. g. due to the “Big Brother Syn-
drome” (Martin & Nagao, 1989). Perhaps,
the initial “hype” about computer formats
has simply died down over the last dec-
ades. Hence, it is possible that the two
modes do not show many differences any-
more as both are normality and established
in the world of testing.

Very small and non-significant re-
sults were found for the moderator anal-
yses. The second hypothesis, that women
tend to answer more socially desirable than
men, could not be confirmed, since there
were no significant effects for the modera-
tor gender proportion. These results reflect
the findings of Krebs (1991) who found no
effect for gender either. As mentioned in
the Introduction, no gender differences
could be found in younger people, specifi-
cally students, with regard to attitudes to-
wards computers (Joiner et al., 2005; Miles
& King, 1998). Since the absolute majority
of participants in this meta-analysis were
also young students, this may explain why
no significant differences were found here.
Since younger people in particular, regard-
less of gender, are more accustomed to
computers and little to no gender differ-
ences in perceived computer skills were
found (Varank, 2007), it is acceptable that
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potential variations, if any, could be found
in older individuals. It is recommended to
look at an interaction between gender and
age and analyse if this would produce a dif-
ferent outcome.

The third hypothesis, that the year of
publication has an influence on the different
findings, could not be confirmed either. Un-
like some other meta-analyses and studies
(Dodou & de Winter, 2014; Dwight & Fei-
gelson, 2000; Gnambs & Kaspar, 2014), no
significant effect of this moderator was
found. This may be due, in part to the fact
that some of these analyses used a much
broader publication year span, including
studies from the 1980s and 1990s
(Gnambs & Kaspar, 2014; Dwight & Feigel-
son, 2000), where computers and their use
were not as common and rather unknown
territory for many people. This is particu-
larly interesting given that the studies used
for this meta-analysis consisted only of
studies published in the years 2001 to
2021. Arguably, the time period used in this
meta-analysis is more representative for
the current situation. There is potentially no
significant difference between the two
modes, since computers are no longer new
and are part of everyday life. Older studies
could lead to a distortion of the actual ef-
fect, as attitudes and habituation to the dif-
ferent formats naturally change over dec-
ades (Gnambs & Kaspar, 2014) and thus
do not reflect the present situation.

J.1 Limztations and outlook

This meta-analysis has a number of
limitations that have to be taken into ac-
count when looking at its practical implica-
tions.

Due to the limited nature of this pro-
ject, only a handful of studies could be ex-
tracted. With merely eight papers, this anal-
ysis cannot be taken as representative for

the entirety of this topic. It is not unlikely
that a larger number of studies would have
yielded a different result. Due to this low
number of studies, heterogeneity is too
high, even with the random effects model.
More studies would most likely lead to more
homogeneity and thus to a better compara-
bility of the different study results. Addition-
ally, a publication bias could be reduced or
removed with more added studies.

Furthermore, research has proven
higher levels of socially desirable respond-
ing to be associated with advancing age
(Soubelet & Salthouse, 2011). Of the 8
studies included in our meta-analysis, 7 ex-
clusively consisted of university students.
As the samples mainly comprised of young
participants, age differences in socially de-
sirable responding across survey modes
were not taken into consideration. It is
highly recomended to examine a wider age
range in future research.

Besides, effect sizes were measured
with Cohen's d, which contrary to Hedge's
g, does not account for different sample
sizes. In the context of this meta-analysis
Cohen's d was considered to be the optimal
choice to avoid further study exclusions
since a clear number of participants was
not indicated in two studies and the authors
could not be reached. However, in a larger
setting and with more time, Hedge's g
would be recommended to avoid loss of in-
formation and possible bias in the results.

Systematic  cross-cultural differ-
ences in SoD have been shown (Johnson
& Vijver, 2003), however, not addressed in
this specific work. Cultural discrepancies in
socially desirable responding across differ-
ent survey modes are recommended to an-
alyse in future research.

Moreover, an extension of modera-
tor variables as for example anonymity can
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be suggested to future researchers be-
cause they might have a decisive influence
on social desirability tendencies in different
modes (Dodou & de Winter, 2014).

Practical implications:

The question of whether administra-
tion modes have a significant effect on re-
sponse tendencies is of particular interest
to researchers who need to decide which
mode to use. In accordance with the results
from Dodou and de Winter’'s meta-analysis
(2014), it can be assumed that computer-
based questionnaires, through financial
and logistical advantages, offer a higher
ecological validity, since there is virtually no
difference for the tendency to answer so-
cially desirable. It is important however, to
remember that this is a small meta-analysis
and future research is needed.

J.2 Conclusion

This meta-analysis has pointed out
that all effect sizes in the moderator anal-
yses were small, and not statistically signif-
icant. It can therefore be concluded that in
regards to socially desirable responding the
choice of assessment modes, whether
computer or paper- pencil, does not result
in any systematic difference. The same
conclusion applies for the moderator varia-
ble publication year. However, in regards to
gender we were able to exclude an effect of
women answering more socially desirable
than men. More research on this topic
needs to be done since our results are lim-
ited to a small number of studies.
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7. Annexe

Appendix A: Search String

“advanced search, limit to: (English lan-
guage and abstracts and "0100 journal")
((((interview or interrogation).af. or ((face to
face)).af.) and (Telephone or phone).af.) or
(((interview or interrogation).af. or (face to
face).af.) and (Paper* or letter or post or
mail or print or written or writing).af.) or
(((interview or interrogation).af. or (face to
face).af.) and (web or online or offline or in-
ternet or e-mail or computer*or electronic or
mobile* or smartphone or iPhone or cell-
phone or android or Mac or OS or tablet or
iPad or note* or laptop or PC).af.) or ((Tel-
ephone or phone) and (Paper* or letter or
post or mail or print or written or writing)).af.
or ((Telephone or phone) and (web or
Online or offline or internet or e-mail or
computer* or electronic or mobile* or
smartphone or iPhone or cellphone or an-
droid or Mac or OS or tablet or iPad or note*
or laptop or PC)).af. or ((Paper* or letter or
post or mail or print or written or writing) and
(web or online or offline or internet or e-mail
or computer* or electronic or mobile* or
smartphone or iPhone or cellphone or an-
droid or Mac or OS or tablet or iPad or note*
or laptop or PC)).af.) and (((social* adj de-
sirab*) or (social adj decontextuali*)).af. or
disclosure.af. or (response adj choice).af.
or (response adj pattern).af. or (impression
adj management).af. or (response adj dis-
tortion).af. or (self adj deceptive adj en-
hancement).af. or Aggravation.af. or Dis-
simulation.af. or Faking.af. or Malinger*.af.
or Simulation.af.) and ((Balanced adj Inven-
tory adj of adj Desirable adj Respond-
ing).cv. or BIDR.cv. or (Paulhus adj decep-
tion adj scale).cv. or (Marlowe adj
Crowne).cv. or MCSDS.cv. or (Minnesota
adj Multiphasic adj Personality adj Inven-
tory).cv. or MMPl.cv. )"
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The central question of this study was whether cognitive performance, more specifically, working memory
performance differs depending on whether emotion is expressed in the mother tongue or in the second
language. The exploratory hypothesis is based on Lindquist et al.’s findings (2015b) that the language we
speak influences our emotionality. Another key theory is the Dual Model of Language and Cognition by
Perlovsky (2009a) from which it is derived that emotion regulation capabilities should be differently de-
veloped in the mother tongue. As emotion regulation influences cognitive performance (Richards and
Gross, 2000), we investigated whether the language in which emotion is expressed influences cognitive
performance. An emotion was elicited with an unsolvable puzzle and we tested working memory. The
methods used were questionnaires regarding the overall state of emotion, emotion regulation methods,
tasks eliciting emotion, an interview to express the emotion and working memory tests. No significant
difference in working memory performance was found between the experimental and control group. From
that can be concluded that the language in which we express our emotions and the emotional regulation
associated with this expression did not affect cognitive performance in our group.

Introduction

Emotions are self-governed and subconscious
bodily responses to external factors (lzard,
2010) and contemporary models locate their
origin in brain systems responsible for evaluating
significant stimuli concerning our goals and
needs (Ochsner & Gross, 2008). They serve the
purpose of addressing problems, of providing in-
formation and they prepare -among others- for a
rapid response (Gross, 1998). Emotion regula-
tion is a process which affects the emotions we
have and when and ho we experience them
(Gross, 1998). According to Gross (1998), this
process can be conscious or subconscious, au-
tomatic or controlled, and involves a change in
the dynamics of emotions and the way we re-
spond to situations. Festinger and Carlsmith
(1959) state that we regulate our emotions when
faced with a situation that elicits cognitive disso-
nance, since this unpleasant state results in an
inner drive to restore cognitive harmony and to
avoid disharmony. Furthermore, individuals dif-
fer in their trait-emotion regulation as there are
dozens of strategies which can be used to regu-
late different emotions (Richards & Gross,
2000). In his Process Model of Emotion regula-
tion, Gross (1998) distinguishes between four

antecedent-focused strategies and one re-
sponse modulation. The antecedent-focused
strategies can be applied during various points
of the process of emotion generation. They con-
sist of situation selection, situation modification,

attentional deployment, and cognitive
change (Gross, 1998). The fifth strategy of the
model, however, the response modulation, is
only applied when an emotion has already been
evoked.

Emotions and cognition are tightly linked such
that emotion regulation strategies may impact
cognitive capacities (Gross, 1998). Richards and
Gross (2000), for example, found that instructing
participants to use suppression as an emotion
regulation strategy during an emotion eliciting
situation impaired their incidental memory. In
their study, those participants who were told to
suppress their emotions performed worse in
tasks involving cued recall and cued recognition
compared to those who were not given any in-
structions as to how to regulate their emotions.
Similarly, excessive use of suppression was ob-
served to be related to the impairment of verbally
encoded memory (Richards & Gross, 2000).
However, Richard and Gross (2000) could not
observe the same detrimental effect of suppres-
sion on memory when non-verbal information
had to be memorized and recalled. The impaired
memorization of verbal information could be ex-
plained by the fact that the use of suppression
as an emotion regulation strategy requires self-
focus and self-monitoring. Both use upper cog-
nitive resources, which are also required for en-
coding and remembering events. In contrast, re-
appraisal does not seem to significantly impair
cognitive processes. Richards and Gross (2000)
surmise that this could be due to the fact that re-
evaluating the emotion itself and re- assessing
its importance could use less cognitive re-
sources. Finally, it could be assumed that the in-
tensity of the emotions felt influences the degree
of memory impairment. Nevertheless, both seem
to be independent, according to Richards and
Gross (1999).

According to the Dual Model of Language and
Cognition by Perlovsky (2009a) all concepts in
our minds consist of both language and cogni-
tion. These are two separate, but linked systems
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in which the concrete linguistic part overshad-
ows the vaguer cognitive part from our con-
sciousness (Perlovsky, 2009a). Franklin et al.
(2008) showed that whenever adults learn a new
word for a color, their left-brain hemisphere,
known to process language, is activated instead
of their right, which is responsible for visual per-
ception. In infants however, one would observe
an activation in the right hemisphere instead.
Lindquist et al. (2015b) suggest that categorizing
sensations using language is the process result-
ing in emotions. Categorization develops using
emotion category knowledge which is supported
by language (Lindquist & al., 2015a). In the
course of an individual’s life, language models
expand faster than cognitive concepts. There-
fore, with more experience we learn to fill in the
words we learned with actual meaning. For ex-
ample, when a child learns the word “motivation”
he or she does not know its concrete implications
and contents but in the process of growing older,
they develop this knowledge (Perlovsky, 2009a).
Thus, according to Perlovsky, it is necessary to
learn abstract language concepts first as an an-
chor for cognitive concepts. He then argues that
the words we ground our cognitive models in de-
termine our cognitive concepts (Perlovsky,
2009a). Consequently, which language we
speak determines the shape of our cognitive
models. This is often referred to as the Sapir-
Whorf Hypothesis: the language we speak influ-
ences how we think (Whorf, 1956). Assuming
that additional time to develop language skills
leads to a higher competence level in cognition
and therefore in emotion regulation as well, it can
be concluded that a second or newly learned
language would not display the same level of
emotion regulation capability.

Perlovsky (2009b) further put the Sapir- Whorf
hypothesis into the context of emotions. He
stated that different languages have different
levels of emotionality linked to the sound of the
words. Even though language is often consid-
ered separate from primitive emotion, the con-
nection between emotion and meaning through
sound remains (Perlovsky, 2009b). For example,
in a study by Guttfreund (1990) bilinguals
showed a different emotional intensity depend-
ing on what language they were interviewed in.
Participants interviewed in Spanish showed
more intense emotions than participants inter-
viewed in English. This effect did not depend on
whether the language was their mother tongue
or their second language (Guttfreund, 1990).
This uniquely relates to the connection between
the sound of the words and the language’s emo-
tionality and makes no statement concerning the
link between language and cognition or emotion
regulation (Guttfreund, 1990). This complements
the findings by Lindquist et al. (2015b), that peo-
ple across cultures perceive emotions differently
depending on the language they speak.

Exploring the effects of emotion, Guttfreund re-
fers to the Rozensky and Gomez study (1983)
about language effects on bilingualism, using
Spanish as first language and English as a sec-
ond. The effect states that patients communi-
cating in a second language seem emotionally
more withdrawn compared to communication in
their mother tongue. It was observed that an
emotional barrier and an increase in defensive
behavior took place, when bilinguals engaged in
a second language (Rozensky & Gomez, 1983
as in Guttfreund, 1990). This effect is retraceable
to the increased use of cognitive capacity, forc-
ing an intellectualized approach to the emotional
expression, and suppressing the affective com-
ponent (Rozensky & Gomez, 1983). Therefore,
expressing one’s emotions in a second language
instead of the mother tongue could lead to a dif-
ferent emotion regulation strategy. Since the
participants seemed emotionally more with-
drawn, as if erecting an emotional barrier, this
could be either suppression or a healthy distanc-
ing from one’s emotions. This effect was called
emancipatory detachment by Kellman (2000).
The bilingual advantage hypothesis states that
bilinguals better select and control the focus of
their attention because they are used to switch-
ing between languages (Bialystok, 2011, 2017;
Bialystok & al., 2012; Kroll & Bialystok, 2013).
With practice, this is supposed to become a gen-
eral effect in their cognitive patterns (Lowe & al.,
2021). However, according to Lowe et al.'s
(2021) meta-analysis, even though the effect of
bilingualism on children’s executive functioning
was statistically significant, it was small and in-
fluenced by extraneous variables, such as socio-
economic status. Moreover, a bilingual ad-
vantage only appeared in studies with verbal
tasks (Lowe & al., 2021). Therefore, the mere
fact that someone can speak several languages
should barely influence cognitive performance
and have no influence at all on the performance
in non-verbal cognitive tasks.

In summary, the Dual Model of Language and
Cognition by Perlovsky (2009a) and the Sapir-
Whorf hypothesis (Whorf, 1956) state that the
language we speak influences how we think.
Furthermore, as can be derived from the Emo-
tional Sapir-Whorf hypothesis developed by Per-
lovsky (2009b) on the basis of the study by
Guttfreund et al. (1990) and several others, dif-
ferent languages are associated with different
levels of emotionality. Cross-cultural research
provides evidence that people speaking different
languages have a different perception of emo-
tion from one another (Lindquist & al., 2015b).
Moreover, expressing one’s emotions in a sec-
ond language could be a form of emotion regu-
lation (Rozensky & Gomez, 1983 as in
Guttfreund, 1990).

Thus, speaking in a second language should not
only influence the participants’ emotionality but
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also the strategy they use to regulate these emo-
tions if the second language differs in emotional-
ity from the mother tongue. It is unclear, how-
ever, in which direction this form of emotion
regulation goes (Perlovsky, 2009b). Moreover,
the behavior of people expressing their emotions
in a second language that Rozensky and Gomez
(1983) observed could be interpreted either as
an adaptive or a maladaptive form of emotion
regulation. Since Richards and Gross (2000)
have shown that suppression, a more maladap-
tive emotion regulation strategy, if used in the
long term, can impair cognitive processes such
as incidental memory while cognitive reap-
praisal, a more adaptive strategy, does not have
this detrimental effect, the expression of emo-
tions in a second language could also impact
cognitive processes. Should the expression of
emotion in a second language lead to negative
emotion regulation strategies then it would follow
that expressing one’s emotions in a second lan-
guage would lead to poorer memory. Should this
expression be an adaptive form of emotion reg-
ulation then this should not be the case. From
the aforementioned theories we derive our ex-
ploratory hypothesis that those who express
their emotions in their mother tongue will have a
different performance on a subsequent cognitive
task involving working memory than those who
express them in a second language if the second
language differs in emotionality from the mother
tongue.

Methodology

Material and measures

Socio-demographic data. General demographic
data of the participants, including questions
about their age, gender, highest level of educa-
tion, subjective socio-economic status (SSES)
and their English proficiency was collected via a
questionnaire formulated specifically for this re-
search project’s purposes. The subjective so-
cio-economic status was assessed by letting
participants rate their family’s financial situation
by comparing it to society on a scale from one
to seven, with seven representing families hav-
ing the best financial situation and one repre-
senting those having the worst. The language
classification system used was adopted from
the Common European Framework of Refer-
ence for Languages (Language Policy Division,
Council of Europe, 2001), whereas the descrip-
tions were shortened.

Mental and Emotional state. The current men-
tal state of the participants was assessed us-
ing the Positive and Negative Affect Schedule

(Watson & Clark, 1988). The PANAS consist
of 20 items, adhering either to the Negative Af-
fect or Positive Affect scale. Participants are
asked to indicate to what extent they currently
feel a certain way using a five-point Likert
scale (Likert, 1932) ranging from “not at all’
over “a little”, “moderately”, “quite a bit” up to
“‘extremely”. The Positive Affect scale repre-
sents the range to which a person feels alert,
enthusiastic, and active. If its score is high, the
participant feels energetic, a pleasurable en-
gagement, and concentrated, while a low
score is defined by lethargy and sadness. The
Negative Affect scale constitutes unpleasura-
ble engagement and subjective distress. The
higher that score, the more the participant
feels anger, contempt, guilt, fear, disgust, and
nervousness. A low score indicates a state of
serenity and calmness. According to Watson
and Clark (1988) this instrument is highly inter-
nally consistent as the Cronbach’s coefficient
a ranges from .86 to .90 for the Positive Affect
and from .84 to .87 for the Negative Affect.
Time instructions do not influence the scales’
reliability. There is a low correlation from -.12
to -.23 between the Positive Affect and Nega-
tive Affect, which designates a quasi-inde-
pendence. The test-retest reliability was
measured by conducting the PANAS twice for
each different time frame. The correlations be-
tween the two administrations for all the time
frames were between .39 and .71. The retest
stability tends to increase as the rated time
frame lengthens. A two-tailed t test with p > .05
showed no significant differences between the
Positive Affect and Negative Affect values re-
garding their retest stability. Similar results
were found with other samples. Finally, the va-
lidity of the PANAS is also good as Watson
and Clark demonstrate in their paper (1988).
Frustration Task. A 35-piece all white puzzle
was used to manipulate participants and gen-
erate a negative emotion response, such as
frustration. Participants were told that the puz-
zle was designed for children over the age of
eight and that most participants completed the
puzzle in three minutes and 12 seconds. The
time limit to finish the task was set at five
minutes. Many of the puzzle parts could be
placed at some positions, but they would
mostly clamp. In the beginning, participants
were explained that only the one location
where the part would fit perfectly was correct.
This material is inspired by a similar method
used in the study of Rosenzweig (1943),
where participants had to solve puzzles but
were interrupted by the time they only finished
half of it.
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Memory Task. A Memory card game with 36 for-
est motif pairs, was split in two halves and used
as assessment of working memory and proxy
for cognitive performance. The first half was
shown in the pretest and the second in the post-
test. Working memory was operationalized as
the number of matching pairs that the partici-
pants could find within a time limit of two and a
half minutes, after 30 seconds of memorization.
Language Manipulation Task. Participants were
asked to report on the feelings and thoughts
they may have experienced during the puzzle
task and the overall study, using a semi- struc-
tured interview formulated for this study’s pur-
poses. Participants were interviewed in English
or in German depending on whether they were
in the experimental group or in the control
group. The interview consisted of five main
questions focusing on the participants’ feelings
and emotions during the puzzle task and their
overall experience of the study. The interview-
ers monitored the length of responses and kept
them about five minutes long. Participants’ an-
swers were noted, but the aim of the interview
was to let participants talk about their feelings
and sensations in a specific language.

Emotion Regulation Strategies. To interrogate
the participants about the emotion regulation
strategies they potentially applied during the
Frustration Task, interviewers conducted a
semi- structured interview in German. Partici-
pants were asked to explain what they felt,
whether they tried to change the way they felt,
and how they did so. Two people in our team
then interpreted these explanations to deter-
mine whether the participants had used any
emotion regulation strategies and whether
those strategies were maladaptive or adaptive.
The Cohen’s kappa coefficient was subse-
quently computed to measure the interrater re-
liability of these two assessments. It revealed
that our raters were in moderate agreement as
to whether the participants regulated their emo-
tions k =

507, p < .001 and that they did not agree
at all on the type of emotional regulation strat-
egy used, k = -.097, p =

.633. One of the raters’ assessments was then
chosen randomly.

Emotion intensity. In addition, a question about
the intensity of the emotion felt during the frus-
tration task was administered. Participants
had to indicate on a six-point Likert scale (Lik-
ert, 1932) whether the emotion they felt was
“very weak”, “weak”, “moderate”, “strong”, or
“very strong”. They also had the option to
check “no emotion” to indicate that the frustra-
tion task didn’t elicit an emotional reaction in

them.

Emotion Regulation Trait. The Fragebogen zur
Erhebung der Emotionsregulation bei Erwach-
senen (Grob & Horowitz, 2014), an emotion
regulation trait questionnaire, was used to as-
sess participants’ long-term emotion regula-
tion abilities and habits. Problem-oriented-ac-
tion, lightening of the mood, acceptance,
forgetting, cognitive problem-solving and reap-
praisal are considered adaptive strategies.
Giving up, catastrophizing, withdrawing, self-
devaluation, blaming others and perseveration
make up the maladaptive strategies (Lange &
Troster, 2015). The scores in each of these
emotion regulation strategies are then aggre-
gated into two measures: a score for the gen-
eral usage of adaptive strategies and a score
for the general usage of maladaptive strate-
gies. In our study we only focused on whether
the emotion regulation strategies that the par-
ticipants generally use are adaptive or mala-
daptive and not on the specific strategies be-
cause identifying specific emotion regulation
strategies during the interview would have
been too difficult and not objective enough.
According to Grob and Horowitz (2014) the
FEEL-E’s objectivity is ensured by the stand-
ardized instruction, the given response
scheme, the profile sheet and the conversion
of the raw values into f- values. The accepta-
ble Cronbach’s coefficient a lies between .73
and .89 for the primary scales, between .65
and .81 for the emotion-specific secondary
scales, for the maladaptive strategies at

.88 and for the adaptive strategies at.91. The
test-retest reliabilities indicate for the emotion-
overlapping scales adequate stability (.61 < rs <
.79) and for the emotion-specific scales ac-
ceptable stability (.61 < r» < .73). The intercor-
relations within the 12 strategies and the two
secondary scales show independence and
prove discriminative validity. However, there are
positive correlations (.42 < r < .63, p < .001)
within the adaptive strategies, whereas the mal-
adaptive strategies show no noteworthy corre-
lations.

Procedure

To recruit participants, students were ap-
proached on the campus of the University of
Luxembourg and surrounding areas such as
malls and were given a flyer and a brief descrip-
tion about our study. Furthermore, flyers were
hung up on different walls at the university. So-
cial media was also used as an advertising tool.
At first, the participants received a short cover
story regarding the aim of the study to prevent
any kind of influence to their behavior and
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emotion before the real manipulation. The re-
searchers pretended that the study’s aim was to
investigate only bilingualism and cognitive per-
formance without mentioning the fact that emo-
tions would also be investigated. Participants
were told that our intention was to investigate
whether bilinguals have an advantage in visual-
spatial reasoning, problem solving and working
memory, compared to monolinguals. Then they
were truthfully informed about the type of tests
they were going to do, their rights, which data
would be collected, confidentiality and data pro-
tection. Pseudonymity was given by design and
data is protected and treated according to the
law, the European General Data Protection
Regulation and the Ethic’s guidelines from the
University of Luxembourg (UL). All data is stored
in safe archives at the UL and will be destroyed
ten years after the publication of this paper.

Participants were invited to the University of
Luxembourg and a private apartment in Trier
in Germany for an in-person testing session of
about 50 minutes. They were asked not to
consume caffeine or theine eight hours before
the study, to assure that their cognitive activity
isn’t influenced by any extraneous factors.
They sat down on a table across from the
tester. They were given the paper-pencil ques-
tionnaires for socio-demographic data and
their current emotional and mental state, the
PANAS.

Subsequently, participants' working memory
was assessed for a first time, using the
Memory Task, in which they had to find as
many matching pairs as possible within the
limited amount of time. In order to analyze the
possible influence of the experience of a nega-
tive emotion and the subsequent (verbal) emo-
tion regulation may have on cognitive abilities
(i.e. working memory), this study was de-
signed as a pre-

/posttest comparison. Like this, the study de-
sign allowed for a direct comparison between
cognitive abilities before, and after the Frustra-
tion and Language Manipulation Tasks.

After the first Memory Task, the participants
were instructed to solve the white puzzle
within the time limit, which of course was not
possible.

Next, participants were asked to complete the
PANAS again and the tester started the semi-
structured interview of the Language Manipu-
lation Task. Participants were either inter-
viewed in their mother tongue German, if they
belonged to the control group, or in English, if
they belonged to the experimental group. After
the verbal expression of emotion in one or the
other language, participants were asked to

complete the other half of the working memory
task.

To control for the influence that participants’
emotion regulation might have had on their
working memory, participants were asked to
respond to a second semi-structured interview
on emotion regulation strategies. Subse-
quently they were asked to rate the intensity of
the evoked emotions, to account for the effects
that the intensity of emotions might have had
on working memory. Finally, the FEEL-E ques-
tionnaire was used to measure

whether the participants generally prefer mala-
daptive or adaptive regulation strategies.

To debrief the participants, they received a full
explanation about the real purpose of the study
and why they needed to be deceived in the be-
ginning. They now have been told that the inter-
est was to find out if the language, in which we
express our emotions, influences cognitive per-
formance. They have also been enlightened
about the use of the tests and why the puzzle
was unsolvable. By ensuring the participants
that the failure of the puzzle isn't his or her fault,
any long-term damage, confusion or diminished
self-confidence has been prevented. Finally,
participants were also adequately compensated
for their participation by receiving a ten euros
SODEXO voucher, which can be redeemed in
many luxembourgish stores.

Sample

The sample we recruited consisted of N

= 29 participants whose mother tongue was
German and their second language English.
People with mental ilinesses or any disorders af-
fecting cognition, as well as people who take
stimulants or medication which affects cognition,
were excluded from the study. 51.72% of the
participants were assigned to the control group
and 48.28% to the experimental group. This as-
signment was done randomly. Participants
ranged in age from 20 to 61 years although the
majority of the sample contained people in their
20’s. The mean age was therefore M =

25.21 (SD = 8.845) years. Moreover, 55.2% of
the participants were female and 44.8% male.
The most common highest level of education
was high school (75.9%) which can be ex-
plained by the fact that most of our participants
were University students. Additionally, the
subjective socioeconomic status ranged from
three to six, with five being the most common
value (44.8%), and four the second most com-
mon (34.5%). Finally, the participants' English
proficiency ranged from B1 to C2, where C1
represented the most common level (48.3%).

92



Wagner, Sjostrom, Buth, Schneider, Degener, Von Kraewel — The connection between language,

emotion and cognitive performance

Analyses

First, we conducted preliminary analyses to
check the assumptions of the tests and models
we used, to look for outliers and to identify
other problems which would interfere with the
interpretation of our results. Hence Mann-
Whitney U tests and a chi- squared test were
conducted to check whether gender, age, ed-
ucation and subjective socioeconomic status
varied significantly between our control and our
experimental group. We also identified a partic-
ipant whose difference in working memory
performance constituted an outlier by looking
at the boxplot of this variable. As a result, this
participant was excluded in all analyses involv-
ing the difference in working memory perfor-
mance. Afterwards we verified whether our
puzzle task had elicited a negative emotion,
such as frustration, by using a two-tailed paired
sample t-test with which we compared nega-
tive and positive affect measured by the
PANAS before and after the frustration task
within the two groups. In order to analyze the
possible influence that the experience of a
negative emotion and the subsequent verbal
emotion regulation may have on cognitive abil-
ities (i.e. working memory), this study was de-
signed as a pre-/posttest comparison. This
study design allowed for a direct comparison
between cognitive abilities before and after the
Frustration and Language Manipulation
Tasks. Therefore, to check whether the differ-
ence in pre- and post-test working memory
performance within the two groups was signif-
icant, a two-tailed paired sample t-test was
conducted. This difference in pre- and post-
test working memory performance was com-
puted by subtracting the working memory per-
formance during the pre-test from the perfor-
mance during the post- test. We then
compared the difference in working memory
performance pre- and post-test between our
control- and experimental group with a two-
tailed

independent sample t-test to analyze whether
the expression of emotion in different languages
had any effect. Moreover, correlation analysis
between the affect measured by the first
PANAS administration and the pre-test working
memory performance and between the affect
measured by the second PANAS administration
and the post-test working memory performance
were run to account for the influence of the par-
ticipants mood on their performance. To control

for extraneous variables, we examined the rela-
tionship between the difference in working
memory performance and the intensity of emo-
tions, age, gender, education and subjective so-
cioeconomic status. Furthermore, the English
language proficiency of the experimental group
was correlated with their difference in working
memory performance to examine whether the
English language proficiency might affect the
relationship between the difference in working
memory performance and the expression of
emotion in different languages. Finally, we built
a multiple regression model with the backward
method using the type of emotional regulation
strategy used during the puzzle task and the
type of emotional regulation strategy that the
participants use the most in general as predic-
tors for the difference in working memory perfor-
mance. This analysis was conducted to account
for the fact that different emotional regulation
strategies have different effects on cognitive
performance and to check whether our results
might have significantly been influenced by this
relationship.

Results

Preliminary analyses. The results revealed
that there are no significant differences between
our control group and our experimental group in
terms of age U = 101.5, p = .88, subjective so-
cioeconomic status U = 88.5, p = .477, educa-
tion, U= 71, p = .146, and gender x? (1, N = 29)
=.293, p=.588. The mean

and range of these variables are summarized
in Table 1. A Mann- Whitney U test was
used instead of an independent samples t-test
to analyze the differences in terms of age
since a Shapiro-Wilk test revealed that the dis-
tribution of the variable age, W (29) =

.605, p < 0.001, did not follow a normal distri-
bution, meaning that the assumptions for the
independent sample t-test were not fulfilled.

Table 1: Median and range for the variables age,
education, subjective socio-economic status and
gender
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Verification of the effectiveness of our emo-
tion manipulation. Furthermore, our results
showed that our puzzle task was successful
in eliciting negative emotion since the nega-
tive affect of the participants was significantly
higher (M = 1.86, SD = .559) after the puzzle
task than before it (M =1.29, SD = .269), {(28)
=6.761, p<.001. Similarly, positive affect was
significantly lower (M = 2.66, SD = .717) after
the puzzle task than before it (M =2.93, SD =
499), t(28) = - 2.353, p < .05. These results
are illustrated in Figure 1.

Comparison strength of negative affect
before and after eliciting emotion

Figure 1: Negative affect of the participants be-
fore and after the puzzle task

Differences in working memory performance
between groups and between the pre- and
post-test. Moreover, there were significant dif-
ferences in participants' working memory per-
formance between the pre- and the post-test
with participants finding significantly more pairs
during the post-test (M =9.79, SD = 4.095) than
during the pre-test (M =7.96, SD = 4.238), t(27)
= 2.862, p < .01. However, there were no sig-
nificant differences between the control group
(M = 1.53, SD= 3.701) and the experimental
group (M

=2.15, SD = 3.051) when it came to the differ-
ence in their working memory performance,
{(26) = -.479, p = .636.

Therefore, the expression of emotion in differ-
ent languages did not affect working memory
performance in our sample. These results are
illustrated in Figure 2 and 3 respectively.

Comparison working memory pretest-
posttest

Figure 2: Difference in working memory perfor-
mance between the pre- and post-test

Comparison working memory
performance experimental-control group

rol Groug

Figure 3: Comparison of the difference in work-
ing memory performance between the control
group and the experimental group

Analysis of the potential influence of mood and
English language proficiency on working
memory performance. Correlation analyses
showed that the mood of the participants be-
fore the memory task did not affect their work-
ing memory performance during the pre-test
and that their mood after the frustration task did
not affect their performance during the post-
test. Correlations between working memory
performance during the pre-test and the first
PANAS administration were r=-.185, p = .337,
and r=.159, p = .411, for the negative and the
positive affect respectively. As for working
memory performance during the post-test and
the second PANAS administration, they were
r=-.049, p =.799,and r=-.072, p = .71. Addi-
tionally, there was a significant relationship be-
tween English proficiency and the difference in
working memory performance in the experi-
mental group, rs = -.532, p = .05.

Multiple regression. As for the multiple re-
gression model, only the emotion regulation
used during the puzzle task and the emotion
regulation used by the participants in general
were used as predictors for the difference in
working memory performance since correla-
tion analyses revealed that there were no sig-
nificant relationships between the difference
in working memory performance and age,
gender, education, subjective socioeconomic
status and the intensity of emotions. These
correlations are shown in Table 2. However,
neither emotion regulation as a trait 8 = -.481,
p = .829, nor the type of strategy used during
the frustration task, 8 =-.897, p =.719, could
significantly predict the difference in working
memory performance when the enter method
was used F(2, 17)=.077, p = .926, R? =
.095. A significant effect could not be found
either with the backward method: in this case
the type of emotion regulation strategy used
during the frustration task alone, 8 = -.784,
p =.741, could still not significantly predict
the difference in working memory perfor-
mance F(1, 17) = .113, p = .741, R? = .079.
Table 3 provides a summary of the multiple
regression analysis.
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Table 2: Correlations between various
extraneous variables and the difference in wor-
king memory performance

Difference in working memory performance
r= 088 p= 651
age r=038,p= 848

Intensity of emotions

gender r=.137,p= 487

education r:=-084, p= 671

Subjective socio-economic status rn=-21.p= 284
Table 3: Summary of multiple regression ana-
lysis for variables predicting the difference in
working memory performance

Model 1 Model 2

481 2191 219 829

897 2455 366 719 -784 2336 336 741

onstant 3147 3114 1011 326 2667 2154 1238 232

Model 1 Model 2

R? 009 = 006
F-ratio =077 p=92 =113 p=741
SEE =3833 =373

=29

Note. The first model was computed using the entry method and the second model by using
the backward method.

Discussion

General Discussion

The aim of the study was to test whether the ex-
pression of emotions have a different influence
on the performance in a subsequent task that
involves working memory depending on
whether they are expressed in the mother
tongue or in a second language. The hypothe-
sis is founded on Lindquist et al.’s (2015b) find-
ings that the language we speak influences our
emotionality. Another key theory was the Dual
Model of Language and Cognition by Perlov-
sky (2009a) which states that emotion regula-
tion capabilities should be differently devel-
oped in the mother tongue. Moreover,
according to Richards and Gross (2000), emo-
tion regulation influences cognitive perfor-
mance. Therefore, our hypothesis is that those
who express their emotions in their mother
tongue will have a different performance on a
subsequent cognitive task involving working
memory than those who express them in a sec-
ond language.

No significant demographic differences be-
tween the control and experimental group
could be found. This is ideal since Lowe et al.’s
(2021) meta-analysis mostly found a signifi-
cant effect of bilingualism on cognitive perfor-
mance, such as executive functioning,

because socio-economic status acted as an
extraneous variable. Therefore, it can be said
that our results were not influenced by the
measured group differences between the con-
trol and experimental group.

The emotion manipulation task was successful
since it managed to elicit negative emotions
such as frustration in almost every participant.
Analyses could confirm that the negative affect
of the participants was significantly higher after
the puzzle task than before it. These are excel-
lent results since the continuation of the study
and the interpretation of all results regarding
cognitive performance would be meaningless if
no emotion had been elicited. As for cognitive
performance, the study could find ignifi-
cant differences between pre- and post-test
working memory performance with participants
finding significantly more pairs during the post-
test than during the pre-test. This is surprising as
one would assume, based on the findings of
Gross (2000), that cognitive performance should
be poorer or at most equal after a negative emo-
tion has been elicited since the regulation of
emotions often uses up cognitive resources.
Even if it doesn’t use up cognitive resources, cur-
rently no emotion regulation strategy is known
that improves cognitive performance from its
baseline. Itis therefore very likely that these find-
ings could simply be attributed to a learning ef-
fect.

However, there were no significant differences
between the control group and the experimental
group when it came to the difference in their
working memory performance between the pre-
and post-test. Therefore, the expression of emo-
tion in different languages did not seem to have
affected working memory performance in our
sample. There are multiple explanations for this.
It may be that the expression of emotions in dif-
ferent languages simply does not affect cognitive
performance. Then again there might indeed be
a link between the expression of emotions in dif-
ferent languages and cognitive performance, but
with the emotionality of the language acting as a
key variable, as the studies by Guttfreund (1990),
Rozensky and Gomez (1983), Perlovsky
(2009Db), Lindquist et al. (2015b) suggest. In that
case, German and English may not vary signifi-
cantly in their emotionality which could explain
why no significant differences in working memory
performance between the control and experi-
mental group were found. Finally, the limitations
of this study could also explain why no significant
relationship between the two groups could be
found.

A multiple regression analysis revealed that nei-
ther the emotion regulation used during the puz-
Zle task nor the emotion regulation used by the
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participants in general could significantly predict
the difference in working memory performance.
Gross (2000) has discovered that participants
who use a maladaptive emotion regulation strat-
egy, such as suppression, should perform worse
on some subsequent tasks involving memory
such as tasks requiring the use of incidental or
verbally encoded memory. Therefore, these re-
sults seem unexpected at first. But since Gross
(2000) could not observe the same detrimental
effect of suppression on non-verbal memory they
might actually be consistent with the literature
since nonverbal memory was tested in this study
by using a memory game. It is also possible that
participants were not aware of using their second
language English as an emotion regulation strat-
egy during the emotion regulation interview since
it is a rather unconscious process. The intensity
of emotions was not used as a predictor in the
multiple regression model since correlation anal-
yses revealed that there was no significant rela-
tionship between this variable and the difference
in working memory performance. A study that
Richards and Gross conducted in 1999 also
found that the intensity of emotions and the de-
gree of memory impairment were independent
even if they were referring to incidental memory
and not non-verbal memory.

We only found a negative relationship between
English proficiency and the pre-post-test differ-
ence in working memory in the experimental
group. The better people reported to speak Eng-
lish, the smaller the pre-post-test difference in
working memory performance. This might be ex-
plained by a higher level of English proficiency
leading to a higher level of emotion regulation
competence as language and cognition evolve
together (Perlovsky, 2009a). Those who spoke
English almost as well as their mother tongue
and most likely on a daily basis have a different
emotional connection to the second language
caused by their experiences while using it. Thus,
emancipatory detachment (Kellman, 2000) might
have played a bigger role for those with lower
English proficiency levels who probably spoke
English less often. They regulated their emotion
by merely speaking English without needing fur-
ther strategies.

Including only lower levels of English proficiency
using a bigger sample might be beneficial to
more significant study results. Even though we
found no significant differences in the pre-post-
test difference in working memory performance
between experimental and control group, the ef-
fect of English proficiency on the difference in
working memory performance before and after
emotion expression leads to the conclusion that
expressing one's emotions in a second language
might influence cognitive performance.

In sum, the hypothesis that those who express
their emotions in their mother tongue will have a
different performance on a subsequent cognitive
task involving working memory than those who
express them in a second language could not be
supported because there was no significant dif-
ference found between the experimental and
control group regarding the cognitive perfor-
mance. The emotion manipulation task was suc-
cessful: it managed to elicit negative emotions
such as frustration in almost every participant
which was necessary before testing the hypoth-
esis. In concordance with Gross’ (2000) re-
search, a multiple regression analysis revealed
that neither the emotion regulation used during
the puzzle task nor the emotion regulation used
by the participants in general could significantly
predict the difference in working memory perfor-
mance for our non-verbal task. As participants
may not have been able to consciously report us-
ing their second language as an emotion regula-
tion strategy, we cannot entirely exclude this ex-
planation in our considerations. We only found a
negative relationship between English profi-
ciency and the pre-post-test difference in working
memory in the experimental group which might
have been caused by a lower level of emancipa-
tory detachment (Kellman, 2000) in those who
reported to speak English on a higher level. As
emancipatory detachment (Kellman, 2000) was
a key variable to our explanation, a lower level of
English proficiency might be beneficial to more
significant study results. This effect also shows
that expressing one's emotions in a second lan-
guage might influence cognitive performance
even though we found no significant differences
between experimental and control group.

Limitations

The fact that the participants found more pairs in
the post-test than during the pre- test of the work-
ing memory task could be due to the fact that
there was a learning effect. The reason for the
participants' improvement in performance could
therefore simply be attributed to them getting
used to the memory game and would in this case
not be due to differences in emotion expression.
Moreover, some participants are more experi-
enced in playing memory games than others, ei-
ther because they have siblings or because they
like these kinds of games. Moreover, the time it
took to turn over the memory cards by hand was
not always the same which could have led to bet-
ter memory in those participants who had more
time to memorize the cards.

Regarding the criteria for participation in the
study, we could only test participants aged 20
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years and older, as this criterion had to be fulfilled
for the FEEL-E. This already excluded many test
participants, since students in the bachelor’s pro-
grams are often younger. Not to mention that
time available to recruit the participants was too
short to gather enough participants. The small
sample size was also due to the current pan-
demic situation and its restrictions. It was also dif-
ficult to find many people with a German mother
tongue in Luxembourg. Due to our recruitment
difficulties, we also started testing in Trier. As a
result, the testing conditions were not standard-
ized anymore. The room at the university was an
artificial setting without environmental confound-
ing variables. This was not possible in Trier, so
we cannot exclude bias due to interfering varia-
bles. In general, the number of participants influ-
ences the fit of the regression model which might
be better with more participants. The sample size
may also be too small to obtain statistically
significant effects between the experimental and
the control group and to generalize it to the whole
population. Moreover, while indicating their Eng-
lish proficiency, many participants stated that
they could understand nearly everything in
English but that they had not spoken English
since their school days. Therefore, the self-re-
ported English proficiency might not have been
reliable. This should be taken into account when
considering the negative relationship between
English proficiency and thepre-post-test  differ-
ence in working memory performance that we
found in the experimental group. During the inter-
view, some people also had difficulties because
of their  limited English vocabulary, and it in-
fluenced the expression of emotions and feel-
ings. This may have distorted the study results
and made them less valid.
Another flaw of our measures was that we did not
specify which type of emotions the participants
should rate when we asked them to rate the in-
tensity of their emotions elicited by the puzzle.
Moreover, it was complicated to interpret
whether the participants had used an emotion
regulation strategy and whether that strategy
was adaptive or maladaptive, since this type of
rating is highly subjective. This explains the low
inter reliability rating of the emotion regulation
strategies interview. Furthermore, some partici-
pants seemed to have used more than one strat-
egy. This could explain why the multiple regres-
sion model could not find a significant
relationship between the emotion regulation
used and the difference in working memory per-
formance. It must also be noted that an emotion
regulation strategy that is maladaptive when
used on a regular basis can be adaptive, de-
pending on the context, if it is only used once. Fi-
nally, many participants reported that they had

never thought about their emotion regulation
strategy and that they were thus not used to talk-
ing about it. Emotion regulation is also not a topic
about which one talks openly with everyone.
These factors together with social desirability
might have resulted in the participants not an-
swering the questions about emotion regulation
accurately or honestly.

Outlook

Future studies could improve our study by in-
creasing the sample size and by recruiting a
more representative sample that does not mostly
consist of participants in their twenties. They
could also use a standardized emotion eliciting
task, where it is clear that frustration or rather one
specific emotion is elicited. A standardized test is
not a guarantee but may improve the chances
that most participants will have a similar emotion.
In this study it could have happened that we elic-
ited another emotion than frustration because we
did not test if it was for sure frustration or another
emotion. They could also differentiate between
positive and negative emotions and the effect of
emotion expression of positive/negative emo-
tions in different languages on cognitive perfor-
mance. The difference between the participants
due to the researcher turning over the memory
cards with different timings could be improved by
already preparing a covered game and not hav-
ing a strong bias due to the experimenter turning
over the cards for different periods of time. In fur-
ther studies, the performance of the memory task
could be made more objective by integrating
technical tools like a computer to minimize the bi-
ases by the experimenter. In future studies it
would be important to test the participants' Eng-
lish proficiency beforehand with a standardized
language test. This would be done to be sure that
the participants do not have problems with their
articulation in the interviews or difficulties regulat-
ing their feelings in the asked language because
of the minimal language proficiency. Future stud-
ies could also conduct a state emotion regulation
questionnaire instead of an interview to allow for
an objective interpretation of the used emotion
regulation strategies. So far, there is only one
standardized questionnaire in English namely
the State Emotion Regulation Inventory (Katz &
al., 2017) but simply translating it into German
would not assure that the quality criteria of the
questionnaire remain unchanged.

Conclusion

All in all, there was no significant relationship
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between the expression of emotion in different
languages between the groups and the differ-
ence between pre- and post-test in working
memory performance even though our analyses
confirmed an increase in negative affect after the
puzzle task. That led to the fact that we could not
confirm the hypothesis. Neither emotion regula-
tion as a trait, nor the type of strategy used during
the frustration task could significantly predict the
difference in working memory performance.
Since a higher English proficiency seems to have
led to a smaller difference in working memory
performance between the pre- and post-test, we
might have found a difference in working
memory performance between the control and
experimental group if we had recruited partici-
pants with a lower English proficiency. According
to our current knowledge and considering the
time limit, the study has been successful overall.
There are many suggestions to minimize the lim-
itations and a lot of different possible opportuni-
ties of improvement that can be extended in fur-
ther studies.
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the Luxembourg National Research Fund (FNR)
(13651499).

References

Bialystok, E. (2011). Coordination of exe-
cutive functions in monolingual and
bilingual children. Journal of Experi-
mental Child Psychology, 110(3),
461-
468.https://doi.org/10.1016/j.jecp.201
1.0 5.005

Bialystok, E., Craik, F. . M., & Luk, G.
(2012). Bilingualism: Consequences
for mind and brain. Trends in Cogni-
tive Sciences, 16(4), 240-250.
https://doi.org/10.1016/j.tics.2012.03.00
1

Bialystok, E. (2017). The bilingual adapta-
tion: How minds accommodate experi-
ence. Psychological Bulletin, 143(3),
233-262.
https://doi.org/10.1037/bul0000099
Festinger, L., & Carlsmith, J. M.
(1959).

Cognitive consequences of forced compli-
ance. The Journal of Abnormal and
Social Psychology, 58(2), 203-210.
https://doi.org/10.1037/h0041593
Franklin, A., Drivonikou, G. V., Bevis,

L., Davie, I. R. L., Kay, P., & Regier, T. (2008).
Categorical perception of color is lateral-
ized to the right hemisphere in infants,
but to the left hemisphere in adults.

PNAS, 105(9), 3221-3225.
https://doi.org/10.1073/pnas.071228
6105

Grob, A., Horowitz, D. (2014). Fragebogen zur
Erhebung der Emotionsregulation bei
Erwachsenen. Hans Huber, Hogrefe AG.

Gross, J. J. (1998). The Emerging Field of
Emotion Regulation: An Integrative Re-
view. Review of General Psychology,
2(3), 271-299.
https://doi.org/10.1037/1089-
2680.2.3.271

Guttfreund, D. G. (1990). Effects of langu-
age usage on the emotional experi-
ence of Spanish-English and Eng-
lish-Spanish bilinguals. Journal of
Consulting and Clinical Psychology,
58(5), 604—-607.
https://doi.org/10.1037/0022-
006X.58.5.604

Izard C. (2010). The Many Meanings/Aspects
of Emotion: Definitions, Functions, Acti-
vation, and Regulation. Emotion Re-
view, 2(4), 363-370.
https://doi.org/10.1177/1754073910
374661

Katz, B. A., Lustig, N., Assis, Y., & Yovel, I.
(2017). Measuring regulation in the
here and now: The development and
validation of the State Emotion Regula-
tion Inventory (SERI). Psychological As-
sessment, 29(10), 1235-1248.
https://doi.org/10.1037/pas0000420

Kellman, S. G. (2000). The translingual imagi-
nation (1st ed.). University of Nebraska
Press.
https://books.google.de/books?hl=e
n&lr=lang_en|lang_fr|lang_es|lang_
de&id=2jpOxviQY9IC&oi=fnd&pg=P
R7&dg=kellman+2000+the+transling
ual+imagination&ots=kNPsbb34AQ
&sig=fG2yry2CQLI7R0OgjU9FnVOdKt
2w#v=onepage&qg=kellman%20200
0%20the%20translingual%20imagin
ation&f=false

Kroll, J. F., & Bialystok, E. (2013). Understand-
ing the consequences of bilingualism for
language processing and cognition.
Journal of Cognitive Psychology, 25(5),
497-514.
https://doi.org/10.1080/20445911.20
13.799170

Lange, S., Troster, H. (2015). Adaptive und
Maladaptive Emotionsregulations-
strategien im Jugendalter. Zeitschrift
flir Gesundheitspsychologie, 23(3),
101-111. doi:10.1026/094 3-
8149/a000141

98


https://doi.org/10.1016/j.jecp.2011.05.005
https://doi.org/10.1016/j.jecp.2011.0
https://doi.org/10.1016/j.jecp.2011.0
https://doi.org/10.1016/j.jecp.2011.05.005
https://doi.org/10.1016/j.tics.2012.03.001
https://doi.org/10.1016/j.tics.2012.03.001
https://doi.org/10.1016/j.tics.2012.03.001
https://doi.org/10.1037/bul0000099
https://doi.org/10.1037/bul0000099
https://doi.org/10.1037/h0041593
https://doi.org/10.1073/pnas.0712286105
https://doi.org/10.1073/pnas.071228
https://doi.org/10.1073/pnas.0712286105
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1037/1089-2680.2.3.271
https://psycnet.apa.org/doi/10.1037/0022-006X.58.5.604
https://psycnet.apa.org/doi/10.1037/0022-006X.58.5.604
https://doi.org/10.1177/1754073910
https://doi.org/10.1177/1754073910374661
https://doi.org/10.1037/pas0000420
https://doi.org/10.1037/pas0000420
https://books.google.de/books?hl=e
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://books.google.de/books?hl=en&lr=lang_en%7Clang_fr%7Clang_es%7Clang_de&id=2jp0xviQY9IC&oi=fnd&pg=PR7&dq=kellman%2B2000%2Bthe%2Btranslingual%2Bimagination&ots=kNPsbb34AQ&sig=fG2yry2CQLI7R0gjU9FnV0dKt2w%23v%3Donepage&q=kellman%202000%20the%20translingual%20imagination&f=false
https://doi.org/10.1080/20445911.2013.799170
https://doi.org/10.1080/20445911.2013.799170
http://dx.doi.org/10.1026/0943-8149/a000141
http://dx.doi.org/10.1026/0943-8149/a000141
http://dx.doi.org/10.1026/0943-8149/a000141

Wagner, Sjostrom, Buth, Schneider, Degener, Von Kraewel — The connection between language,

emotion and cognitive performance

Language Policy Division, Council of Europe.
(2001). Common European Framework
of Reference for Languages: Learning,
teaching, assessment. Cambridge Uni-
versity Press.
https://rm.coe.int/1680459f97

Likert, R. (1932). A Technique for the
Measurement of Attitudes. Archive
of Psychology.

Lindquist, K. A., MacCormack, J. K., &
Shablack, H. (2015a). The role of lan-
guage in emotion: predictions from
psychological constructionism. Front.
Psychol. 6:444. doi:
10.3389/fpsyg.2015.00444

Lindquist, K. A., Satpute, A. B., Gendron,
M. (2015b). Does Language Do
More Than Communicate Emotion?.
Current Directions In Psychological
Science, 24(2), 99-108.
https://doi.org/10.1177/0963721414
553440

Lowe, C. J., Cho, I., Goldsmith, S. F., & Mor-
ton, J. B. (2021). The Bilingual Ad-
vantage in Children’s Executive Func-
tioning Is Not Related to Language
Status: A Meta-Analytic Review. Psy-
chological Science, 32(7), 1115-1146.
https://doi.org/10.1177/0956797621
993108

Ochsner, K. N., & Gross, J. J. (2008). Cogni-
tive Emotion Regulation. Current Direc-
tions in Psychological Science,17(2),
153-158. doi:10.1111/j.1467-
8721.2008.0056

Perlovsky, L. (2009a). Language and Cogni
tion. Neural Networks, 22(3), 247-257.
https://doi.org/10.1016/j.neunet.200
9.03.007

Perlovsky, L. (2009b). Language and emo-
tions: Emotional Sapir-Whorf hypothe-
sis. Neural Networks, 22(5— 6), 518—
526. https://doi.org/10.1016/j.neunet.200
9.06.034

Ramirez-Esparza, N., Gosling, S. D., Benet-
Martinez, V., Potter, J. P., Pennebaker,
J. P. (2006). Do bilinguals have two
personalities? A special case of cultural
frame switching. Journal of research in
Personality, 40(2), 99-120.
https://doi.org/10.1016/j.jrp.2004.09. 001

Richards, J. M., & Gross, J. J. (1999). Compo-
sure at Any Cost? The Cognitive Conse
qguences of Emotion Suppression. Per-
sonality and Social Psychology Bulletin,
25(8), 1033-1044.
https://doi.org/10.1177/0146167299
2511010

Richards, J. M., & Gross, J. J. (2000). Emo-
tion Regulation and Memory: The
Cognitive Costs of Keeping One’s
Cool. Journal of Personality and
Social Psychology, 79(3), 410-424.
https://doi.org/10.1037/0022-

3514.79.3.410

Rosenzweig, S. (1943). An experimental
study of 'repression' with special refer-
ence to need- persistive and ego-de-
fensive reactions to frustration. Journal
of Experimental Psychology, 32(1),
64-74.
https://doi.org/10.1037/h0062000 Ro-
zensky, R. H., & Gomez, M. Y. (1983).
Language switching in psychotherapy
with bilinguals: Two problems, two
models, and case examples. Psycho-
therapy: Theory, Research & Practice,
20(2), 152-160.
https://doi.org/10.1037/h0088486

Watson, D., & Clark, A. C. (1988). Positive and
Negative Affect Schedule. Journal of
Personality and Social Psychology, Vol
54(6). American Psychological Associa-
tion. https://psycnet.apa.org/buy/1988-
31508-001

Whorf, B. L. (1956). Language, Thought and
Reality. MIT Press.
https://psycnet.apa.org/record/1956-
07134-000

99


https://rm.coe.int/1680459f97
http://dx.doi.org/10.3389/fpsyg.2015.00444
http://dx.doi.org/10.3389/fpsyg.2015.00444
https://doi.org/10.1177%2F0963721414553440
https://doi.org/10.1177/0963721414
https://doi.org/10.1177%2F0963721414553440
https://doi.org/10.1177/0956797621
https://doi.org/10.1177/0956797621993108
https://doi.org/10.1016/j.neunet.200
https://doi.org/10.1016/j.neunet.2009.03.007
https://doi.org/10.1016/j.neunet.200
https://doi.org/10.1016/j.neunet.2009.06.034
https://doi.org/10.1016/j.jrp.2004.09.001
https://doi.org/10.1016/j.jrp.2004.09.001
https://doi.org/10.1016/j.jrp.2004.09.001
https://doi.org/10.1177/0146167299
https://doi.org/10.1177/01461672992511010
https://doi.org/10.1037/0022-3514.79.3.410
https://doi.org/10.1037/0022-3514.79.3.410
https://psycnet.apa.org/doi/10.1037/h0062000
https://doi.org/10.1037/h0062000
https://doi.org/10.1037/h0088486
https://doi.org/10.1037/h0088486
https://psycnet.apa.org/buy/1988-31508-001
https://psycnet.apa.org/buy/1988-31508-001
https://psycnet.apa.org/record/1956-07134-000
https://psycnet.apa.org/record/1956-07134-000

Luxemburger Experimentalpraktikum Journal (LEx), 16, 2022

Is the early face processing disrupted by medical face
masks?

Emilie Backes, Charlotte Gebhardt, Hannah Mareike May, Leila Muhovic, Nidara Rahic and
Sirinda Tintinger

Supervisor: Dr. Annika Lutz

Due to the implementation of mandatory masking in an effort to minimize the impact of the
COVID-19 pandemic, the extent to which facial masks change the way faces are perceived is
analyzed. Facial features and their relationship to each other have a significant impact on con-
figural processing of the face and emotion recognition, therefore this study examines the extent
to which masking the lower half of the face may influence emotion recognition, configural and
emotion processing. Previous research has shown specific results regarding the N170 as well
as other studies relate to the impact of masks. Our study focusses on: “Is the early face pro-
cessing disrupted by medical face masks? “. Thirty participants were recruited for this study
which took place under the COVID-19 restrictions at that time, including 65.50% females and
34.50% males. Our results showed that the N170 was more pronounced once the medical face
mask was added to the photographs. Moreover, the inversion effect in the interaction effect
between mask and orientation on the N170 regarding the unmasked faces was stronger, which
indicates that configural processing is made more difficult by the medical face mask. Regarding
emotion recognition, the mask showed a significant effect, as did the interaction between the
orientation and the mask. Furthermore, the interaction between the emotions, the mask, and
the orientation showed that emotion recognition was made more difficult under the condition
that the medical face mask was added to an inverted picture. A significant effect was observed
exclusively for the emotions fear, happiness, and neutral. Considering previous studies, we
could show that wearing masks impeded emotion recognition and configural processing, but
no relevant effects on emotion processing were indicated. However, configural processing was
shown to be impeded by the wearing of masks.

Introduction

There has been a large scientific interest in
faces, their processing and their importance in
social interactions for a number of years. Faces
seem to be favoured from the moment of birth,
and this continues over the whole life (Pascalis,
2002; Bloomington, 1996). This may be due to
the fact that the face provides important infor-
mation to humans as social creatures and also
enables them to share their own impressions
through non-verbal communication. Faces re-
veal important information about a person's
identity, support speech analysis considerably

and give information about how a person is
feeling and much more (Carbon, 2020).

Depending on the literature, different face pro-
cessing methods are proposed, with the major-
ity distinguishing between configural, featural
and holistic processing. In featural processing
of the face, the focus is on the individual facial
features, i.e. eyes, nose and mouth and their
details, such as size, shape or colour (Schmid
et al., 2013; Carbon, 2011; Freire et al., 2000;
Derntl & Carbon, 2009; ltier & Taylor, 2004).
Configural processing of faces is often further
subdivided (Freire et al.,, 2000; Derntl &
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Carbon, 2009). First-order configural pro-
cessing refers to the spatial relationship be-
tween the features just mentioned, which
means: the eyes are above the nose, which it-
self is above the mouth (Derntl & Carbon, 2009;
Schmid et al., 2013 ; Carbon et al., 2005). Sec-
ond-order configural processing refers to the
spatial relationship of the features, i.e. the dis-
tances between eyes, nose and mouth (Schmid
et al., 2013, Hole et al., 1999; Carbon, 2011;
Itier & Taylor, 2004). Finally, holistic processing
is the processing of the whole face, which is not
separable into divided features (Carbon et al.
2005 ; ltier & Taylor, 2004; Schmid et al., 2013;
Derntl & Carbon, 2009). Facial researchers
also suggest that features and their relationship
to each other are processed holistically (Car-
bon, 2011). This can be seen, for example, in
the study by Hole et al. (1999). Here, chimeric
faces, i.e. the faces of two people, were put to-
gether as one. It was noticeable that the visual
separation of the two halves of the face was
very difficult as long as the upright face was
presented. Only when this was turned upside
down the participants were able to distinguish
between the two halves of the face. This illus-
trates that when the face is viewed upright, the
spatial relationship prevents the attention to the
upper part, whereas configural processing no
longer works for inverted faces (Freire et al.,
2000; Hole & George, 1999). A similar effect
has also been illustrated by the Thatcher Illu-
sion. Here, only the facial features (eyes and
mouth) were reversed. While this was immedi-
ately noticeable when the faces were pre-
sented upright, it was not noticeable when the
images of the faces were inverted (Hole et al.,
1999).

In order to study the neural processes of face
perception, electroencephalography (EEG) is
most commonly used, as its millisecond resolu-
tion allows examination of neural activity in al-
most real time (Feuerriegel et al., 2014; Hino-
josa et al., 2015). Within EEG measurements,
we are particularly interested in event-related
potentials (ERP), as these provide us with in-
formation about the temporal sequences of
brain processes. Among these, we mainly are
interested in the negative ERP N170, which re-
acts more strongly to facial stimuli and is rec-
orded in parieto-occipital areas (Maurer et al.,

masks?

2007). Furthermore, some articles showed a
more pronounced N170 in the right hemisphere
(Wright & Kuhn, 2017; Bloomington, 1996;
Strater, 1992). The mentioned face sensitivity
is shown by the fact that the N170 amplitude is
larger for faces than for objects and non-faces,
with a shorter latency (ltier & Taylor, 2004;
Eimer & Holmes, 2002; Hinojosa et al., 2015;
Pascalis, 2002). This increased amplitude oc-
curs approximately 170 ms after stimulus
presentation, which is how the name was de-
rived (Strater, 1992; Feuerriegel et al., 2014).
Another indication that points to the sensitivity
to faces of the N170 is the so-called inversion
effect. When a face is inverted, this produces a
larger or more negative amplitude and a longer
latency, although this effect does not occur for
inverted objects (ltier & Taylor, 2004; Kloth et
al., 2013).
This increased amplitude, however, seems to
represent that processing does not occur as in-
tended. There have been different explanations
for this effect depending on the researcher. On
the one hand, the assumption was made that
face-sensitive areas, such as the fusiform gyri,
are also activated when the face is inverted and
that the inversion of the face additionally acti-
vates areas of the cortex that are responsible
for processing objects, which leads to an over-
all increase in amplitude (Pascalis, 2002).
Since there was also a comparable increase in
amplitude and delayed latency when only the
isolated upright eye region was presented, alt-
hough this effect was absent for other facial
features such as the nose and mouth (Bloom-
ington, 1996; Kloth et al., 2013), Itier suggested
that this effect was due to the fact that there
must be eye-sensitive as well as face-sensitive
cells in the occipito-temporal regions of the
face-sensitive area (Kloth et al., 2013). More
specifically, she suggested that as long as the
face is presented the right way around, the
N170 is initiated by face-sensitive cells, while
the eye-sensitive cells are inhibited. However,
this inhibition is lifted as soon as the face is
turned around, thus both cells are activated and
therefore cause a larger amplitude.
The inversion effect makes clear that the con-
figural processing of the face is more important
than the featural. If an image of a face is in-
verted, processing is more difficult than before

90



Backes, Gebhardt, May, Mukhovic, Rabic Tiptinger — Is the early face processing disrupted by medical face

and takes longer, although the features are un-
changed and the face as a whole is still present.
However, only the spatial relationship is
changed, which demonstrates the importance
of configuration for the processing of faces
(Schmid et al., 2013; Freire et al., 2000; Hole et
al., 1999; lItier & Taylor, 2004; Kloth et al.,
2013).

Now, for almost two years, we have been in

a period of much caution about the SARS-CoV-
2 virus that has caused a pandemic and many
people to fall ill or even die. This has led more
and more countries making face masks man-
datory in public places and other places of in-
terpersonal gathering such as restaurants and
supermarkets. On the one hand, face masks
have taken a very important role at the moment,
as they limit the spread of the virus, protect vul-
nerable people and help to avoid social isola-
tion. However, an increasing number of people
is concerned that this could also lead to disad-
vantages in our social behaviour. As mentioned
earlier, we use different types of processing to
perceive faces, with configural processing be-
ing very important for face perception. With the
mask, it can be assumed that the configural
processing of faces is significantly disrupted,
making it much more difficult for us to process
them successfully.

Furthermore, there is also disagreement in the
literature about whether the processing of faces
is a different, parallel process or a common pro-
cess when it comes to the processing of identity
and emotion (Hinojosa et al., 2015). For exam-
ple, different processing locations for identity
and emotion have also been proposed. The in-
itial visual perception of faces (e.g. identity) is
thought to be processed in inferior occipital
gyri, while superior temporal sulci are responsi-
ble for the perception of changing aspects such
as facial expressions (Barborik, 2012; Blais et
al., 2012; Wright & Kuhn, 2017). Furthermore,
it has long been assumed that N170 is only re-
sponsible for the structural processing of faces,
such as identity, and that only later ERP could
process facial expressions (Maurer et al.,
2007). However, this has proven to be false, as
the meta-analysis by Hinojosa et al. (2015)
showed. Here it was clarified that emotions ini-
tiated larger N170 amplitudes than neutral
faces. In particular, angry, fearful and happy

masks?

facial expressions triggered increased N170
amplitudes in descending order. It has been
suggested that these are emotions that require
rapid responses, which may be why these emo-
tions are processed more intensely (Hinojosa
et al., 2015). Taken together, the N170 is
thought to represent multiple sources of neural
activity (Feuerriegel et al., 2014).

When dealing with the emotion perception, it
seems to be very important to identify the rele-
vant areas of the face that can provide helpful
information about the emotional state. Again,
the literature does not seem to agree on
whether the lower or upper half of the face is
more important. However, most emphasise that
both the eye and mouth regions are similarly
important depending on the emotion (Wegrzyn
et al. 2017). Eisenbarth & Alpers (2011) further
point out that the eyes were fixated at least as
often as the mouth for each emotion in their
study. However, some researchers attach par-
ticular importance to the mouth region, which,
according to Blais et al. (2012) and Kotsia et al.
(2008), offers more relevant information for the
recognition of emotions.

Since masks now cover most of the face and
only the eyes are accessible, it can be as-
sumed that emotion recognition is even more
difficult and that there is considerably more
confusion, which can have serious conse-
qguences in our interactions, since emotions can
usually be understood universally, causes feel-
ings and often provide deeper insights than ver-
bal communication.

Some studies have already investigated how
covering the lower half of the face can affect
emotion recognition. In addition, there have
also been some studies on emotion recognition
with a face mask, all reporting a drop in accu-
racy in emotion assessment (for example:
Grundmann et al, 2021; Carragher, 2020; Car-
bon, 2020; Freud et al, 2020).
Carragher (2020) showed how much masks,
for example, affected identity recognition even
when the faces were known to the participants.
This again points to problems in processing fa-
cial information with masks. Furthermore, the
effects of masking the lower half of the face
also seem to have opposite effects. Fischer et
al. (2012) showed in their study that emotions
were perceived more negatively in people who
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wore a nigab, which in his opinion seems to be
mainly due to the fact that the mouth region,
and thus happy emotion recognition, seems to
be impaired. In contrast, Grundmann et al.
(2021) found in their study that negative emo-
tions presented to the participant seemed less
negative than when no mask was worn, from
which he concludes that there seems to be a
kind of "positivity bias" due to the ambiguity of
emotions. Calbi et al. (2021) and Bassili seem
to agree that anger is more dependent on the
eye region, and thus, the recognition of angry
emotions is less affected by masking of the
lower half of the face, while this masking seems
to have mainly negative consequences for
happy emotions. However, Carbon (2020) dis-
covered in his study that in addition to a reduc-
tion in the accuracy of emotion recognition, the
emotions of happiness, disgust and sadness,
the emotion anger was also more difficult to
recognise with a face mask. Nevertheless, the
mask did not seem to have any effect on the
emotion recognition of fearful and neutral
faces. In contrast, Gulbetekin (2021) also dis-
covered that the mask significantly reduced the
recognition of the emotion fear. Still, both dis-
covered that happy faces in particular were
mistaken for neutral (Carbon, 2020; Gulbete-
kin, 2021), with Carbon (2020) also reporting
confusion of the emotions anger and sadness
with a neutral condition.

According to the previous findings, we would
like to investigate in our study what effects the
wearing of a face mask has on the processing
and recognition of faces as well as their emo-
tional expressions. As already mentioned, the
facial features (eyes, nose and mouth) and
their relationship to each other have a signifi-
cant influence on the configural processing of
the face. However, since the mask now covers
the nose and mouth, the spatial arrangement is
disturbed. Accordingly, our first hypothesis is:
Configural face processing becomes impaired
due to the use of medical face masks.
As Hinojosa et al. (2015) have shown in their
meta-analysis, some emotional expressions
seem to be processed more intensely and thus
trigger an increased N170 amplitude. However,
this was found for faces that were fully visible.
We assume that the mask reduces the
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processing of emotions when only the upper
half of the face is visible. Thus our second hy-
pothesis is: Emotional processing is impeded
when looking at faces wearing a medical face
mask. Finally, we would like to test in our study
to what extent the mask affects the

visual recognition of emotions in general. Since
emotion recognition is only possible through
the eyes, we assume that the recognition of
emotions is significantly reduced by the face
masks. Accordingly, our final hypothesis is:
Recognition of emotional expressions from
faces wearing medical masks is impaired.

Methods

Participants

Thirty participants were recruited for this study
including both genders (65.50% females and
34.50% males) in an age range of 20 to 52
years (M= 27, SD= 0.50). There was a wide va-
riety of nationalities (56.70% Luxembourgish;
23.30% German; 3.30% French; 16.70%
Other). The participants included 37.90% Mas-
ter graduates; 31% Bachelor graduates;
17.20% High School graduates and 13.90%
Vocational trainers. They were voluntarily re-
cruited during the months of July to November
2021. A good knowledge of the German or
English language was required and each par-
ticipant was compensated for their time (35 eu-
ros Sodexo gift voucher for 3.5h). People af-
fected by a neurological disease as epilepsy or
pregnancy and breastfeeding were excluded
from the study. All participants had corrected-
to-normal vision and provided informed con-
sent. The study was approved by the Ethics Re-
view Panel of the University of Luxembourg.
Furthermore, the study took place under the
COVID-19 restrictions at that time (i.e., FFP2
masks had to be worn at all the time during par-
ticipation).

Materials

All face stimuli were obtained from the MPI
FACES database (Ebner, N.C., Riediger, M., &
Lindenberger U., 2010). Six frontal pictures
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from different people (three females and three
males) were used as stimuli. Their face age be-
longed to a vicenarian age group. For each per-
son four different pictures were used that rep-
resented the emotional states (anger, fear,
happiness, and neutral) in which the emotional
state neutral was used as a comparison. For
our study, the intact version of these faces had
been manipulated using the program GIMP to
add a medical mask on the mouth-nose area.
The picture of the medical mask was taken from
the internet and manipulated (e.g., shadows
added) to create a realistic appearance. The
same mask was added to each face. The differ-
ent faces (masked and unmasked) including
the four different emotional states were shown
upright and inverted to the participants.

In sum, we obtained 2 (face sex) x 3 (individu-
als) x 4 (emotions) x 2 (no face mask vs. face
mask) x 2 (upright vs. inverted) = 96 face stim-
uli.

Recording and analysts of psychophysiological data

Electroencephalogram (EEG) was recorded
from 64 Ag/AgCl active scalp electrodes (10-20
arrangement) with actiCAP and BrainAmp am-
plifiers (Brain Products, Gilching, Germany),
digitized at 1000 Hz. Horizontal electrooculo-
gram (EOG) was recorded from two Ag/AgCI
electrodes placed at the lateral canthi of both
eyes. Electrocardiogram (ECG) and electromy-
ogram (EMG) from the M. corrugator supercilii
were recorded, as well, but results will be re-
ported elsewhere. Eye movements were
tracked with an SMI RED 500 eye tracking de-
vice (SensoMotoric Instruments, Teltow, Ger-
many).

Offline analysis was performed with Brain-
Vision Analyzer 2.2 (Brain Products, Gilching,
Germany). EEG data were filtered offline with a
bandpass-width of 0.1 to 25 Hz (half-power cut-
off; roll-off 24 dB/Octave). The sampling rate
was reduced to 250 Hz and the data were semi-
automatically inspected for artefacts, excepting
eye movements and blinks. Ocular artefacts
were removed with independent component
analysis (ICA) in semi-automatic mode. After-
wards, faulty channels were interpolated
(spheric splines) and an average reference was
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applied. Data were then segmented from -500
to 2500 ms relative to stimulus onset, baseline
corrected (-200 to 0 ms), and semi-automatic
artefact rejection was performed. Then, shorter
segments from -200 to 1000 ms were created
and averaged per stimulus category. The N170
was quantified as mean amplitude from 128 to
188 ms after stimulus onset. The time window
was determined with a collapsed localizer ap-
proach, i.e., by visual inspection of the grand
average waveform, collapsed across all stimu-
lus categories. Mean amplitudes were ex-
tracted from an average of the channels P7,
P8, PO7, P08, P09, PO10 (Rossion &
Jacques, 2008).

Procedure

The participants were first asked several ques-
tions about their current state based on a state
questionnaire. Then, the participants filled in
several trait questionnaires and electrodes
were applied. Each participant had to perform
four different tasks during the study. A resting
state measurement included 5 minutes of rest
with open eyes, as well as four 1-minute resting
periods with eyes open-closed-open-closed-
open (counterbalanced).

The first task required passive viewing of differ-
ent pictures of six human faces, displaying dif-
ferent emotional expressions which appeared
for 1000 ms on the monitor, after looking at a
fixation cross, which appeared for 1250 ms
(random 1000-1500 ms). A fixation of at least
500 ms on the fixation cross was required for
the picture to appear, verified by the eye
tracker. Each photo was repeated five times,
resulting in a total of 30 repetitions per cate-
gory. During the observation, the participant’s
brain activity was recorded. The second task
represented the six faces once again but with-
out repetitions. The participants had to look at
a fixation cross, like in the first task, which at-
tend about 1250 ms followed by the stimuli pre-
sented for 4000 ms. Then, they had to decide
which emotion the face had displayed, by
choosing one of four options (anger, fear, hap-
piness, neutral). Eye movements were rec-
orded concurrently. The third task included
once again the stimuli from the MPI FACES
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database (Ebner, N.C., Riediger, M., & Linden-
berger U., 2010), where the several emotional
expressions were shown, and it was required
that the participants rate their affective experi-
ence (valence and arousal) when observing
these facial expressions. The fourth and last
task consisted of the heartbeat counting which
is not reported in the current manuscript. The
entire procedure lasted approximately 3-3,5
hours.

Statistical analysis

The first hypothesis ,Configural face pro-
cessing becomes impaired due to the use of
medical face masks” and the second hypothe-
sis “Emotional processing is impeded looking at
faces wearing a medical face mask” consist of
a dependent variable N170 and the three inde-
pendent variables regarding two levels of mask
wearing a mask/no mask, two levels of orienta-
tion inverted/upright and four levels of emotion
anger, fear, happiness and neutral. To illustrate
our results, the repeated measures analysis of
Variance (ANOVA) with an alpha level .05 was
used. Where Mauchly’ s Test of Sphericity was
significant, the Greenhouse-Geisser correction
for degrees of freedom was applied.

The third hypothesis “Recognition of emotional
expressions from faces wearing medical masks
is impaired” consists of a dependent variable
emotion recognition and the three independent
variables regarding two levels of mask wearing
a mask/ no mask, two levels of orientation in-
verted/upright and the four levels of emotion
anger, fear, happiness and neutral. For a sec-
ond time an ANOVA analysis as well as a cor-
rection for the Mauchly’s Test of Sphericity was
used and the Greenhouse-Geisser estimates of
sphericity was applied.

Results

Hypotheses 1 and 2

For our first and second hypothesis ,Configural
face processing becomes impaired due to the
use of medical face masks.” and “Emotional
processing is impeded looking at faces wearing
a medical face mask.” our dependent variable

masks?

is the N170, which gives us indication for face
and emotional processing. Here it is important
to indicate that a more negative amplitude rep-
resents a larger N170, and a less negative am-
plitude represents a smaller N170.

The main effect of the specific emotions was
significant, F(2.28, 66.10) = 5.45, p = .005, 1,°
=.16. Post-hoc analyses were conducted using
six paired t-tests with a Bonferroni adjusted al-
pha level of .0083 per test (.05/6). The results
indicate that the amplitude of N170 did not dif-
fer significantly between anger (M = -1.58, SD
=2.19) and fear (M = -1.86, SD = 2.35), #(29) =
1.78, p = .085. When comparing anger (M = -
1.58, SD = 2.19) and happiness (M = -1.47, SD
= 2.33), there is no significant difference in the
amplitude of N170, #(29) = -.73, p = .47. In ad-
dition there was also no significant difference in
N170 when comparing happy faces (M = -1.47,
SD = 2.33) with neutral faces (M = -1.13, SD =
2.53), #(29) = -1.91, p = .07. Moreover, the am-
plitude of N170 did not differ significantly from
angry faces (M =-1.58, SD = 2.19) and neutral
faces (M =-1.13, SD = 2.53), #(29) =-2.30, p =
.03. Further, there was no significant difference
between the amplitude of the N170 for fearful
faces (M = -1.86, SD = 2.35) and for happy
faces (M =-1.47, SD = 2.33), {(29) = -2.46, p =
.02. Lastly, the amplitude of N170 was signifi-
cantly smaller for neutral faces (M = -1.13, SD
= 2.53) than for fearful faces (M =-1.86, SD =
2.35), t(29) = -3.03, p = .005. (see 1.1.).

*
N170: Main effect Emotion J\

(

ans (N170)

Estimated Marginal Me:

Fig. 1.1.: Graphical schematic summary showing
the emotional processing. Hereby the ANOVA effect
is significant (p < .05).

*p <.05

The main effect of faces wearing a mask/no
mask was also significant, F(1, 29) = 8.81, p =
.006, np? = .23. Faces wearing a mask (
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1.79, SD = 2.54) provoked a significantly larger
N170 than faces wearing no mask (M = -1.23,
SD = 2.10) (see, fig. 1.2.). The main effect of
the face orientation was significant, F(1, 29) =
53.25, p <.001, n,? = .65. Concerning the face
orientation, the amplitude of N170 was signifi-
cantly more negative for inverted faces (M = -
2.53, SD = 2.58) than for upright faces (M = -
49, SD = 2.02) (fig. 1.3.).

N170: Main effect Mask
*

)
=

Estimated Marginal Means (N170)

Mask ask

yyyyyyyyyyyyyy

Fig. 1.2.: Graphical schematic summary showing
the impact of faces wearing a mask/no mask on the
facial processing. Hereby the ANOVA effect is sig-
nificant (p < .05).

*p < .05

N170: Main effect Orientation

*

ins (N170)

Estimated Marginal Mea

Inverted Upright

orientation

Fig. 1.3.: Graphical schematic summary showing
the impact of the face orientation on the facial pro-
cessing. Hereby the ANOVA effect is significant (p
<.05).

*p < .05

There was a significant interaction effect be-
tween the face orientation and the specific emo-
tions, F(2.69, 78.18) = 11.99, p < .001, n,?
.29. Post-hoc analyses were conducted using
four paired t-tests with a Bonferroni adjusted al-
pha level of .0125 per test (.05/4). Results sug-
gest concerning anger, that the amplitude of
N170 was significantly smaller for upright faces
(M= .86, SD = 2.27) than for inverted faces (M
= -2.30, SD = 2.56), t(29) = 3.81, p = .001.

masks?

When looking at fearful faces, the amplitude of
N170 was significantly larger for inverted faces
(M =-2.62, SD = 2.75) than for upright faces,
(M =-1.10, SD = 2.37), t(29) = 4.07, p < 001.
Furthermore, N170 was significantly larger for
inverted faces (M = -2.71, SD = 2.54) than for
upright faces (M = -.23, SD = 2.32) when the
specific emotion was happiness, #(29) = 9.84, p
< .001. Lastly, when the specific emotion was
neutral, N170 was significantly larger in in-
verted position (M = -2.48, SD = 2.88) than in
upright position (M = .23, SD = 2.37), t(29)
10.13, p < .001 (figure 1.4.).

N170: Interaction effect Orientation & Emotion

nnnnnn

Estimated Marginal Means (N170)

Fear Neutral

Anger

Happiness
emotion
Error bars: 95% CI

Fig. 1.4: Graphical schematic summary showing the
impact of the interaction between the face orienta-
tion and the specific emotions on the facial pro-
cessing. Hereby the ANOVA effect is significant (p
<.05).

*p < .05

For the interaction effect between the face ori-
entation and faces wearing a mask/no mask,
the effect was also significant, F(1, 29) = 40.18,
p < .001, ny? = .58. Post-hoc analyses were
conducted using three paired t-tests with a Bon-
ferroni adjusted alpha level of .017 per test
(.05/3). For faces wearing no mask results indi-
cate that N170 was significantly larger with in-
verted faces (M = -2.72, SD = 2.48) than with
upright faces (M = .27, SD = 2.23), {(29) = 7.67,
p < .001. For faces wearing masks, the nega-
tive amplitude of N170 was significantly larger
for inverted faces (M = -2.33, SD = 2.74) than
for upright faces (M = -1.25, SD = 2.47), t(29) =
4.87, p <.001 (fig. 1.5.). The following paired t-
test was conducted to find out the difference in
means of the amplitude of N170 between the
upright and inverted faces wearing a mask and
the upright and inverted faces wearing no
mask. These results show that the difference of
the amplitude of N170 between inverted and
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upright faces wearing no mask (M =2.99, SD =
2,14) was significantly larger than the differ-
ence of the amplitude of N170 between in-
verted and upright faces wearing a mask (M =
1.08, SD =1.21), {(29) = 6,34, p <.001. The in-
teraction effect between faces wearing a
mask/no mask and the specific emotions was
not significant, F(2.59, 75.11) = 1.65, p = .18,
Me° = .05 (fig. 1.6). For the interaction effect be-
tween the face orientation, faces wearing a
mask/no mask and the specific emotions, this
interaction was not significant, F(2.56, 74.12) =
2.09, p = .11, np? = .07 (Fig. 1.7.; Fig. 1.8.).

N170: Interaction effect Orientation & Mask
200 orientation

-1.00

*
-2.00 *
-3.00

Mask No mask

— inverted
w— upright

Estimated Marginal Means (N170)

mask

Error bars: 95% CI

Fig. 1.5.: Graphical schematic summary showing
the impact of the interaction between the face orien-
tation and faces wearing a mask/no mask on the fa-
cial processing. Hereby the ANOVA effect is signifi-
cant (p < .05).

*p < .05

N170: Interaction effect Mask & Emotion
mask

= Mask
== No mask

Estimated Marginal Means (N170)

Anger Fear Happiness Neutral
emotion

Fig. 1.6.: Graphical schematic summary showing
the impact of the interaction between specific emo-
tions and faces wearing a mask/no mask on the
emotional processing.

masks?

N170: Interaction effect Orientation & Emotion & Mask
MASK

orientation

Estimated Marginal Means (N170)

Anger Fear Happiness Neutral
emotion

Fig. 1.7.: Graphical schematic summary showing
the impact of the interaction between the face orien-
tation, the specific emotions and faces wearing a
mask on the facial processing.

N170: Interaction effect Orientation & Emotion & Mask
NO MASK
orientation

~— inverted
S = upright

Estimated Marginal Means (N170)
11
1\
{ |- 4]

Anger Fear Happiness Neutral
emotion

Fig. 1.8.: Graphical schematic summary showing
the impact of the interaction between the face orien-
tation, faces wearing no mask and the specific emo-
tions.

EEG recording for anger

[angry: no mask-uprightno mask-invertedmask-upnghimask-inverted
v/

Fig. 1.9.. EEG data presenting the configural pro-
cessing (N170) for angry faces for faces wearing a
mask / no mask * face orientation. Hereby indicates
red the EEG recording of seeing faces wearing no
mask and inverted, blue stands for faces wearing
mask and upright, green indicated faces wearing
mask and inverted and black represents faces wea-
ring no mask and upright. This also applies to the
following graphics.

200 a0
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masks?

EEG recording for happiness

A

Fig. 1;10.: EEG data presenting the configumrsal pro-
cessing (N170) for happy faces for faces wearing a
mask / no mask * face orientation

EEG recording for fear

Fig. 111 EEG data presenting the configurgl pro-
cessing (N170) for fearful faces for faces wearing a
mask / no mask * face orientation

EEG recording for neutral

Fig. 1;12.: EEG data presenting the configural pro-
cessing (N170) for neutral faces for faces wearing a
mask / no mask * face orientation

Hypothesis 3

For our third hypothesis, regarding emotion
recognition, our analysis showed that the main
effect of the specific emotions was not signifi-
cant, F(3, 74.69) = .83 p = .46, n,* = .027 (Fig.
2.1.), and neither was the interaction effect

between the specific emotions and faces wear-
ing a mask/no mask, F(3,61.79)=1.37, p = .26,
Me® = .04 (Fig. 2.2.). The main effect of the face
orientation was significant, F(1, 30) = 23.254, p
<.001 np? = .44. Recognition rates were signif-
icantly higher for upright (M = .99, SD = .02)
than for inverted faces (M = .94, SD = .06) (see,
fig. 2.3.). The main effect of faces wearing a
mask/no mask was also significant, F(1, 30) =
14.831, p = .001, n,? = .33. Recognition rates
were significantly higher for faces wearing no
mask (M = .98, SD = .02) than for faces wearing
a mask (M = .95, SD = .06) figure 2.4.).

Emotion Recognition: Main effect Emotion

Estimated M;
R
l—
|
R
}7

Anger Fear Happiness Neutral
emotion

Fig. 2.1.: Graphical schematic summary showing
the impact of specific emotions on the emotion
recognition.

Emotion recognition: Interaction effect Mask & Emotion
mask

— upright
= inverted

ion)

Estimated Marginal Means (Emotion
Recogniti

Anger Fear Happiness Neutral
emotion

Error bars: 95% CI

Fig. 2.2.: Graphical schematic summary showing
the impact of the interaction between faces wearing
a mask/no mask and the specific emotions on the
emotion recognition.

Emotion Recognition: Main effect Mask
*

mask

Error bars: 95% CI

Fig. 2.3.: Graphical schematic summary showing
the impact of the face orientation on the emotion
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recognition. Hereby the ANOVA effect is significant
(p < .05).
p<.05

Emotion Recognition: Main effect Orientation

*

Estimated Marginal Means (Emotion
Recognition)

Upright Inverted
orientation

Error bars: 95% CI

Fig. 2.4.: Graphical schematic summary showing
the impact of faces wearing a mask/no mask on the
emotion recognition. Hereby the ANOVA effect is
significant (p < .05).

*p <.05

The interaction effect between the face orienta-
tion and faces wearing a mask/no mask, was
significant, F(1, 30) = 25.07, p < .001, n,*> = .04.
Post-hoc analyses were conducted using two
paired t-tests with a Bonferroni adjusted alpha
level of .025 per test (.05/2). Results suggest
that emotional recognition of inverted faces (M
= .91, SD = .10) was significantly lower than for
upright faces (M = .99, SD = .03) when the
faces were wearing a mask, #30) = 5.33, p <
.001. Without a mask, there was no significant
difference of the emotional recognition rates
between upright (M = .99, SD = .02) and in-
verted faces (M = .98, SD = .03), #(30) = 1.30,
p = .20 (see, figure 2.5.).

The interaction effect of the specific emotions
and face orientation was also significant,
F(2.47, 74.23) = 2.95, p = .048, ny? =.09. Post-
hoc analyses were conducted using four paired
t-tests with a Bonferroni adjusted alpha level of
.0125 per test (.05/4). Results suggest that for
anger, there was no significant difference be-
tween upright (M = .98, SD = .04) and inverted
faces (M = .97, SD = .08), t(29) = 1.09, p = .28.
Recognition of fear was significantly better for
upright (M = .98, SD = .04) than inverted faces
(M=.93, SD =.09), t(29) = 2.71, p = .01. Con-
cerning the recognition of happiness, upright
faces (M = .99, SD = .03) were significantly bet-
ter recognized than inverted faces (M = .93, SD
= .08), #29) = 3.72, p = .001. Lastly, neutral

faces were significantly better recognized in an
upright position (M = .99, SD = .02) than in an
inverted position (M = .93, SD = .09), t(29) =
3.80, p =.001 (fig. 2.6.).

Emotion Recognition: Interaction effect Orientation & Mask
orientation

~ upright
— inverted

ion)

Recogniti

Estimated Marginal Means (Emotion

Mask No Mask
mask

Fig. 2.5.: Graphical schematic summary showing
the impact of the interaction between the face orien-
tation and faces wearing a mask/no mask on the
emotion recognition. Hereby the ANOVA effect is
significant (p < .05).

*p <.05

Emotion Recognition: Interaction effect Orientation & Emotion
orientation

— inverte

Estimated Marginal Means (Emotion
Recognition)

Anger Fear Happiness Neutral
emotion

Fig. 2.6.: Graphical schematic summary showing
the impact of the interaction between the face orien-
tation and the specific emotions on the emotion
recognition. Hereby the ANOVA effect is significant
(p < .05).

*p < .05

If we look at the interaction effect of the 3 vari-
ables together, the specific emotions, the face
orientation and faces wearing a mask/no mask,
there was a significant effect for this interaction,
F(2.16, 64.86) = 3.63, p = .03, 1,*> = .11. Post-
hoc analyses were conducted using eight
paired t-tests with a Bonferroni adjusted alpha
level of .00625 per test (.05/8). The following
results refer to faces wearing a mask. Results
suggest that for the recognition of anger, there
was no significant difference between upright
(M=.98, SD = .06) and inverted faces (M = .97,
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masks?

SD = .11), {30) = .63, p = .54. The recognition
of fear was significantly better for upright (M =
.98, SD = .07) than inverted faces (M = .89, SD
= .18), #(30) = 3.59, p = .001. For happiness,
upright faces (M = .99, SD = .04) were signifi-
cantly better recognized than inverted faces (M
= .89, SD = .15), #(30) = 4.25, p < 001. Lastly,
neutral faces were significantly better recog-
nized in an upright position (M =1.00, SD = .00)
than in an inverted position (M = .88, SD = .19),
f(30) = 3.58, p = .001 (see, fig. 2.7.).

Emotion Recognition: Interaction effect Orientation & Emotion & Mask
MASK
orientation

— upright
— inverted

on)

Ts
1

Estimated Marginal Means (Emotion
Recogniti

Anger Fear Happiness Neutral
emotion

Fig. 2.7.. Graphical schematic summary showing
the impact of the interaction effect between faces
wearing a mask, the face orientation, and the spe-
cific emotions on the emotion recognition. Hereby
the ANOVA effect is significant (p < .05).

*p < .05

The following results refer to faces wearing no
mask, which did not reveal any significant dif-
ferences between the specific emotions and
face orientation. For anger there was no signif-
icant difference between upright (M = .98, SD =
.05) and inverted faces (M = .97, SD = .08),
#(30) = 1.00, p = .33. Concerning the recogni-
tion of fear, inverted faces (M = .98, SD = .05)
did not significantly differ from upright faces (M
= .98, SD = .05), {(30) = .00, p = 1.00. Regard-
ing happiness, there was no significant differ-
ence between upright (M = .99, SD = .04) faces
and inverted faces (M = .98, SD = .03), #(30) =
1.49, p = .15. Lastly, the emotional recognition
of neutral faces in upright position (M = .98, SD
= .05) did not differ significantly from neutral
faces in inverted position (M = .98, SD = .06),
t(30) = .44, p = .66 (see, figure 2.8.).
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Fig. 2.8.: Graphical schematic summary showing
the impact of the interaction between faces wearing
no mask, the face orientation, and the specific emo-
tions on the emotion recognition.

Discussion

Several studies have shown that emotion
recognition is complicated by the masking of
various facial features (Grundmann et al.,
2021; Carragher, 2020; Carbon, 2020 ; Freud
et al., 2021; Fischer et al., 2012). In addition,
there also seem to exist different types of face
processing, with configural face processing in
particular gaining importance recently (Freire et
al., 2000; Derntl & Carbon 2009; Schmidt et al.,
2013). This was illustrated, for example, by the
fact that face inversion led to difficulties in pro-
cessing faces, which was shown by an in-
creased N170. Thus, this is further evidence
that the N170 is responsible for processing
faces (Maurer et al., 2007; ltier & Taylor, 2004;
Eimer & Holmes, 2002; Hinojosa et al., 2015).
However, Hinojosa et al., (2015) also showed
that there are differences in the processing of
faces that depend on emotional states. The aim
of our study was therefore to find out whether
and to what extent the medical face masks that
are part of our everyday life in the Covid 19
pandemic affect the processing of faces and
emotions, as well as emotion recognition in
general. To calculate our results, we used a
sample size of 30 participants and employed a
repeated measures analysis of variance
(ANOVA).

For the first hypothesis, we found that faces in
the photographs that wore a medical face mask
induced a more pronounced N170 in the partic-
ipants than faces that did not wear masks
(mask main effect). Furthermore, we were able
to demonstrate the inversion effect in the inter-
action effect between mask and orientation on
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the N170, which was stronger for unmasked
faces. Since the inversion effect can be seen
as a kind of evidence for configural processing,
it is clear from our results that configural pro-
cessing is made more difficult by the mask,
since the inversion effect was smaller in this
case. Thus, we can confirm our first hypothesis.
For the second hypothesis, the measurements
for the main effect emotion made clear that we
were also able to demonstrate different N170
outcomes depending on the emotional facial
states, consistent with existing literature. Thus,
the N170 was significantly stronger when look-
ing at faces that showed the emotion fear than
when a neutral condition was presented. How-
ever, we could not confirm our second hypoth-
esis because the mask had no significant effect
on the emotion processing. Thus, the inversion
of faces influenced processing, but it made no
significant difference to emotion processing
whether the masks were worn or not.
Finally, the results of our third hypothesis
demonstrated that the mask was significant for
emotion recognition. The mask showed a sig-
nificant effect, as did the interaction between
the orientation and the mask. The interaction
between the emotions, the mask and the orien-
tation were also significant, and illustrated that
without the mask, all emotions were recognised
equally well, regardless of whether they were
presented to the participants upright or in-
verted. However, if the persons in the photos
were wearing a mask, the recognition of the
emotions became more difficult when the pho-
tos were inverted. While this was seen for the
emotions of fear, happiness and neutral, no ef-
fect was found for anger. Thus, based on our
results, our last hypothesis can be confirmed.

Considering previous studies as shown, we
were also able to demonstrate the inversion ef-
fect and clarify that the inversion of faces leads
to increased N170 amplitude and impaired pro-
cessing (Yin, 1969 ; Itier & Taylor 2004; Kloth
et al., 2015). Furthermore, it has been shown in
previous studies that isolated eyes lead to an
increased N170 (Kloth et al., 2013). We can
compare this with our results, as mainly the
eyes are observed when wearing masks. We
could observe that upright faces in which the
lower facial features such as nose and mouth
were covered led to an increased N170 in the

masks?

observing participants compared to when the
pictured persons did not wear a mask. Of par-
ticular interest here, however, is that the ampli-
tude was still more pronounced when looking at
inverted faces. Furthermore, our results show
that although the inversion effect was also ob-
served in the mask condition, it was signifi-
cantly smaller than for unmasked faces. This
finding is particularly noteworthy because it il-
lustrates that the mask and the inversion do not
seem to have the same effect on the N170 of
the observing participants.

Moreover, as in the meta-analysis by Hinojosa
et al. (2015), we found increased N170 ampli-
tudes for an emotional expression compared to
the neutral condition. However, while anger in-
duced the highest N170 in the meta-analysis,
in our case it was the emotion fear that differed
significantly from the neutral condition. We
found some similarities with the existing litera-
ture in emotion recognition. For example, that
emotion recognition seems to be facilitated by
the eyes or the mouth, depending on the emo-
tion (Wegrzyn et al., 2017; Blais et al., 2012;
Kotsia et al., 2008). As Calbi et al. (2021) pre-
viously noted, the emotion anger seems to be
recognised primarily through the eyes, which
could explain our results. We found that the
emotion anger was always recognised equally
well, regardless of the different conditions.
While Gulbetekin (2021) found in his study that
the emotion fear is made more difficult by the
mask, and Carbon (2020) showed that the
emotion anger is more difficult to recognise by
wearing a mask, we have obtained different re-
sults here as already clarified.

Limaitations

As mentioned earlier, there is some concern
that the mask may complicate interpersonal in-
teractions by impairing the recognition of emo-
tions (Carbon, 2020). However, our results in-
dicate that clearly shown emotions seem to be
well recognised on upright faces. The question
here is whether difficulties can also occur when
the face is seen from other angles than the
front. Furthermore, it remains questionable
whether emotions are shown as strongly in
everyday life as they were in the photos used.
It seems surprising that both the functioning of

100



Backes, Gebhardt, May, Mukhovic, Rabic Tiptinger — Is the early face processing disrupted by medical face

face processing and emotion processing can
be measured by the N170, but the latter does
not seem to be significantly affected by the
mask, while face processing is impaired. How-
ever, since emotion processing only occurs af-
ter face processing, the question arises if there
might be other processes in between which
compensate for the disturbed N170, so that the
mask has less effect on emotion processing.
Another idea would be, for example, that due to
the disturbed configural processing, a different
type of processing is used more. Thus, for ex-
ample, featural processing could be used more
intensively and therefore there might be more
attention paid to details in the eye region.

Across all our results, it seems that emotions
were well recognisable on upright faces despite
the medical face mask, even though face pro-
cessing was disturbed by the mask. As already
suggested, this could be explained by the fact
that we selected photos from the MPI FACES
database on which the emotions were shown in
an extreme form, whereas such intense facial
expressions are rarely observed. This raises
the question of how far the results can be trans-
ferred to the current situation. Furthermore, due
to COVID restrictions, the face mask had to be
edited to the face photos and were not worn
while the emotions were shown. This could
also affect the interpretation of the results, as it
is quite possible that emotions are shown dif-
ferently with a face mask on than without. In ad-
dition, we mainly studied female participants,
which, regarding the existing literature, could
also be a reason why the recognition of the
emotion anger does not seem to have any im-
pairments in our study. Various studies have
shown that women, in comparison to men, look
primarily at the eye region when processing
emotions, which enables them to recognise the
emotions of disgust, sadness, fear and anger
particularly well (Eisenbarth & Alpers, 2011;
Grundmann et al., 2021; Calbi et al., 2021;
Freud et al., 2020; Carbon, 2011; Sullivan et
al., 2015). In addition, regarding our sample, it
can be observed that we have mainly recruited
people of Luxembourgish nationality and stu-
dents, which can also raise questions about the
extent to which our results can be generalised
to the population. In addition, we only studied
one age group, which may also be a reason for

masks?

the good recognition of the emotional states.
The people in the photos were middle-aged,
which was very close to the age of the partici-
pants and could therefore facilitate emotion
recognition through the own-age effect (Susilo,
2009). Finally, participants wore masks them-
selves during emotion recognition, which could
have led to a lack of concentration.

Further research

Based on the limitations listed, further research
can be derived. For example, it would be inter-
esting to investigate the effects of the mask on
facial and emotion processing in different age
groups. Here, both the age of the observers
and the age of the persons shown in the photos
may have an effect (Carbon, 2020; Barborik,
2012; Sullivan et al., 2015). In terms of age, it
is also relevant to examine the mask effect in
children. Previous research has suggested that
children do not use configural processing yet,
so it would be of interest to find out whether the
mask affects face and emotion processing dif-
ferently from adult participants (ltier & Taylor,
2004; Roberson et al., 2012; Pascalis, 2002).
Moreover, expertise also appears to be im-
portant for face processing. Previous studies
have shown that expertise leads to similar pro-
cessing as for faces (Roberson et al., 2012;
Tanaka & Curran, 2001). It would therefore be
useful to conduct further studies after a few
years to find out whether our processing adapts
to the circumstances and the wearing of the
mask. Looking at the results of Nestor et al.
(2020), we seem to show less emotional ex-
pressions when we wear masks. This fact and
the facial feedback hypothesis make it interest-
ing to include another condition in our research
(Strater, 2019; Nestor et al., 2020). For exam-
ple, we could investigate how participants'
emotion recognition changes when they look at
emotional faces with and without a mask, while
they themselves wear a mask or not. Finally, it
might also be worth seeing how the processing
of faces and emotions differs between ethnic
groups. Thus, the other-race effect shows that
a different origin already seems to have an in-
fluence on processing, although it would be in-
teresting to find out whether and to what extent
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this is reinforced by a mask (Suhrke et al.
2014).

Relevance

Overall, this study has achieved research-rele-
vant results, as no studies on the effect of med-
ical face masks on the N170 exist to date.
Moreover, it could also have increased clinical
relevance: Feuerriegel et al. (2014), for exam-
ple, already showed that certain groups of peo-
ple with different mental disorders, e.g. Schizo-
phrenia, seem to have different face
processing. So, it seems possible that the mask
could make emotion processing even more dif-
ficult.

Conclusion

Finally, our study shows that even with a medi-
cal face mask, emotions could still be recog-
nised and processed as long as the face was
presented upright and the emotional expres-
sions shown in the photos were expressed in a
very intense way. Moreover, although face pro-
cessing was disrupted by the mask, there ap-
pear to be other processes between face pro-
cessing and emotion recognition, so that
emotion recognition may be disrupted to a
lesser extent by the mask. Further studies can
show to what extent the results obtained can be
transferred to our everyday lives and what pre-
cisely this means for our social interactions.
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One of the key characteristics of Autism Spectrum Disorder is a deficit in social communication and
interaction. So far, research has shown the use of robots to be successful in therapeutic and educa-
tional interventions. This study examines various reactions of autistic children towards robot and tablet
storytellers. Our sample consisted of 11 male children with ASD (N = 11), ranging from 9 to 17 years
old. Eye gaze, restricted and repetitive behaviors and proximity were examined in two conditions: a
robot and a tablet telling short stories. Additionally, the subjects’ attention and memory were analyzed
with the help of simple questions. Finally, the participants were asked to state their preferences at the
end of the experiment. We hypothesized that they would present more willingness to interact with the
robot. However, no significant differences were found between the two conditions, nor between their
cognitive performances. On the other hand, our results suggest a clear preference for the tablet
(72.7%), as opposed to the robot (27.3%). In the future, 90.9% of the participants stated that they
would rather work with a tablet, as opposed to their teacher (9.1%) or a robot (0%). This could be
explained by familiarity effects, as most participants had prior experience in working with tablets, but
not with robots. These findings are interesting for the future of Robot Assisted Therapy, which could
potentially include tablets, making education and care more accessible to the wider ASD population.
Nevertheless, longitudinal studies with larger samples are needed to support our results.

1 Introduction

(Waterhouse, 2013; Lord et al, 2018). In addi-

1.1 Autism Spectrum Disorder
tion, the restrictive and repetitive behaviors

Autism Spectrum Disorder (ASD) is a neurode-
velopmental condition specified under a dyad
of characteristics, namely difficulties in social
communication and interaction, as well as re-
stricted and repetitive patterns of behaviour, in-
terests or activities (Lai et al., 2014; American
Psychiatric Association, 2013). The severity
and nature of symptoms can vary interindividu-
ally, but common impairments of children with
ASD include difficulties in communicating one’s
emotions, under-standing the emotions of oth-
ers, as well as a lack of eye contact and joint
attention behavior (Waterhouse, 2013).

Furthermore, children with ASD generally ex-
perience difficulties when it comes to verbal
and non-verbal communication, and they can
have a high sensitivity to physical contact

(RRB’s) that people with ASD tend to exhibit
can be difficult to experience for both autistic
people and their respective families (Gabriels
et al., 2005). When shown in an excessive
manner, RRB’s can inhibit the person’s capac-
ity to gain new skills (Dunlap et al., 1983), stig-
matize them, and overall reduce their chances
of positive interaction (Durand & Carr, 1987;
Lee et al., 2007; Loftin et al., 2008). In previous
studies, RRB’s were defined as a wide spec-
trum of behaviors, ranging from self-injurious
gestures, to stereotyped motor mannerisms,
echolalic speech, the demand of sameness
and urges to sensory interests and ab-normali-
ties (Bodfish et al., 2000; Lewis & Bodfish,
1998; Turner, 1999).
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Epidemiological studies show that in child and
adolescent populations, ASD ranges at around
a value of 1% (Baird et al., 2006; Baron-Cohen
et al., 2009). Although there appears to be a
high variability in ASD prevalence across sites,
it has also been demonstrated that there is a
similar distri-bution by race and ethnicity (Cen-
ter for Disease Control and Prevention, 2018).
In fact, studies show a mean ratio prevalence
estimation of 4.2:1 comparing males and fe-
males (Fombonne, 2009). The overall substan-
tially great prevalence of ASD in young popula-
tions increases the demand for diagnostic
procedures and forms of therapy in the health
sector (Baird et al., 2006).

1.2 Use of tablets and robots in ASD in-
terventions

Besides parent-mediated interventions, a com-
mon therapeutic method for children with ASD
is Applied Behaviour Analysis (ABA). ABA is a
behavioural intervention which focuses on play-
ing, social inter-action, communication initiated
by the child and a natural reward system (Lord
et al., 2018). Studies regarding animal-assisted
intervention for ASD have also shown positive
outcomes, although there are methodological
weaknesses and limitations (O’Haire, 2012).
Alongside these forms of intervention, there are
several behavioural and social therapeutic pos-
sibilities, such as benefitting from social skills
groups or parent-child interaction therapy (Lord
et al., 2018).

All the aforementioned approaches have
shown success. However, some forms of ther-
apy are very time consuming and require many
resources, often including different profession-
als in interdisciplinary teams. Furthermore, be-
cause of the high variability of severity and
symptomatic demands, the need of individual
therapy requires a lot of effort (Thill, 2012). This
financial and temporal problem could be solved
by a wide range of tasks in robotics acting as a
diagnostic or behaviour eliciting agent, as a so-
cial mediator and actor, as a personal therapist
or as a playmate (Cabibihan et al., 2013; Wa-
terhouse, 2013; Vanderborght, 2012).

In the context of ASD interventions, research
on Social Assistive Robots (SAR) has shown
promising results, focusing on the intersection
between assistive robotics (providing physical
assistance) and socially interactive robotics
(social and nonphysical interaction). Several
studies have in fact researched the use of SAR
in education or therapy (Thill et al., 2012). The
use of this technology has been shown to im-
prove engagement in social interaction, includ-
ing imitation, eye contact, turn-taking and self-
initiation (Feil-Seifer & Matari¢, 2011; Scassel-
lati et al., 2012; Cabibihan et al., 2013). As the
end users of SAR are indivi-duals with disabili-
ties, research in this field focuses on their use
in common environments, such as schools or
hospitals (Feil-Seifer & Matari¢, 2011).

An advantage of robot-assisted therapy is the
combination of human-like-cues and an object-
like simplicity. This makes the interaction with
autistic children more attractive, as they gener-
ally prefer predictability and show preference in
interacting with objects. In this way, it is possi-
ble to avoid high-complexity situations which
could distress the child (Srinivasan et al., 2016;
Melo et al., 2019). In fact, Robins et al. (2006)
found that the physical proximity of children
with ASD increased when they thought they
were interacting with a robot instead of a hu-
man. This has been shown to mean attachment
and is therefore associated with a positive feel-
ing (Dissanayake & Crossley, 1996).

Moreover, it has been shown that the eye gaze
of children with ASD increases when dealing
with a robot (with human features), in compari-
son to humans (Robins et al., 2006). Eye gaze
is the nonverbal phenome-non which is most
present in human interaction (Argyle, 1972).
Similar to gestures, eye gaze can communicate
a person’s mental state, increase verbal com-
munication and place emphasis on what has
been said in the conversation (Goldin-Meadow,
1999). In the context of ASD, eye gaze can also
be interpreted as a desire to communicate (Ho
et al.,, 2015). However, novelty effects could
possibly have interfered with these findings. As
a matter of fact, a study by Michealis et al.
(2021) suggests that every interaction between
a human and a robot is in some way influenced
by novelty effects, leading to an increase of
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interaction and interest when new technology is
introduced. Another study found that this effect
subsided after repeated interaction with the ro-
bot in question (Saad et al., 2020).

As acknowledged by previous research, chil-
dren with ASD tend to prefer to interact with ro-
bots rather than with humans (Costa et al.,
2018). This phenomenon could be due to the
intricacy and quantity of facial expressions as
well as body language emitted by humans. It
has in fact been shown that autistic children
generally feel more at ease when interacting
with a robot which only has a few simple hu-
manoid characteristics (LuxAl, 2019). In addi-
tion, findings demonstrate that both self- and
parent reports of RRB’s show a significant pos-
itive relationship between RRB’s and anxiety
(Baribeau et al., 2019; Joyce et al., 2017).

Research has also shown that working with a
robot can ameliorate performances in cognitive
processes such as memory and verbal fluency.
This study was conducted with participants who
had mild cognitive impairment (Pino et al.,
2020), which could also be relevant for partici-
pants with ASD, whose cognitive impairment
has been highlighted earlier in the introduction.

As opposed to the use of robots in the context
of ASD intervention, few studies can be found
concerning the use of tablets. Nevertheless,
the use of mobile digital technology is expand-
ing, aiming more specifically to improve
healthcare and psychotherapy. This method of-
fers opportunities for the daily use in educa-
tional contexts for children with ASD (Mechling,
2007). Overall, students with ASD perceive the
use of mobile technology as useful, fun and
helpful. It has also been shown to improve so-
cio-cognitive functioning (Esco-bedo et al.,
2012; Fage et al., 2018).

Besides that it is important to note that children
with ASD have been shown to perform better
when interacting with robots rather than with
tablets, particularly in cognitive aspects such as
comprehension of social stories (Pop et al.,
2013; Louie et al., 2020). As previously high-
lighted, the use of robots has indeed been as-
sociated with higher cognitive performances,
which could ex-plain this difference.

1.3 Aims and hypotheses

Using robots and/or tablets could be an efficient
manner to provide better care and education for
autistic children. However, as the use of these
two devices differs greatly in terms of cost and
time (research, training, etc.), it is reasonable
to clarify the differences between the two media
in their use with ASD. We have thus decided to
observe how autistic children differ in their be-
havioral, cognitive and evaluative reactions to-
wards a robot telling a story, in comparison to a
tablet telling a similar story. Based on previous
research, our hypotheses are the following:

Hi1. Children with ASD are more likely to ap-
proach the storyteller if the latter is a robot, in
comparison to a tablet (physical proximity).

H2. Children with ASD are more likely to pre-
sent a longer eye gaze if the storyteller is a ro-
bot, in comparison to a tablet.

H3. Children with ASD are less likely to present
restricted and repetitive behaviors during the
interaction with the tablet in comparison to the
robot.

H4. Children with ASD are more likely to re-
member details of the story if the storytelleris a
robot, in comparison to a tablet (attention/
memory).

HJa. Children with ASD are more likely to pre-
fer the story told by the robot rather than the
story told by the tablet.

Hrb. In the future, children with ASD would pre-
fer to work with a robot rather than with their
main teacher or with a tablet.

2 Methods
2.1 Subjects

Our sample consisted of 11 children and ado-
lescents with Autism Spectrum Disorder, rang-
ing from 9 to 17 years old (M= 12.45, SD =
3.30). The recruitment took place in a special-
ized center, focusing on the diagnosis and care
of autistic youth. In fact, the participants were
part of four separate classes (representing two
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different grades) which had two teachers each.
Key exclusion criteria were a typical neurode-
velopment, not understanding Luxemburgish or
French, as well as not being present on that
school day.

In order to authorize the children to participate
in the study, all parents were required to sign a
detailed consent form; the latter was also
signed by the participants when possible. Alt-
hough 13 consent forms were completed in to-
tal, two sessions could not be finished as the
subjects showed signs of distress. One of them
refused to start the experiment, whilst the other
one ran out of the room after a few seconds of
interaction with the robot. Thus, a total of 11
participants (all male) comple-ted the study. A
demographic questionnaire (detailed in 2.3.1)
also allowed us to gather the following data :

The majority of our participants were Luxem-
bourgish (54.5%), whilst 36.4% were Portu-
guese. However, most subjects reported Portu-
guese to be their mother tongue (54.5%). The
second most reported native language was
Luxemburgish, spoken by 18.2% of the chil-
dren. Another 18.2% reported having a mother
tongue other than Luxemburgish, Portuguese,
French or German. Despite these differen-ces,
all participants were able to under-stand Lux-
emburgish and/or French. In fact, 72.7% of the
participants chose Luxem-bourgish as their lan-
guage of experi-mentation. The other 27.3%
chose French.

Furthermore, all subjects had formerly been di-
agnosed with Autism Spectrum Disorder by a
health professional. In addition, an SRS ques-
tionnaire was completed by the children’s par-
ents in order to assess their level of social re-
sponsiveness (more details in 2.3.1). The mean
T-score of the sample was 77.55 (Min= 61;
Max= 94; SD= 10.77), and the maijority of
scores were associated with severe deficits in
social interaction (54.5%). Moreover, 1 out of
11 children (9.1%) had another disability, nota-
bly a Specific Language Impairment. The rest
of the subjects (90.9%) were not reported to
have any comorbidities. Most parents also indi-
cated not to know the 1Q level of their children
(90.9%), with the exception of one participant
whose 1Q was reported to be normal (9.1%).

Finally, 82.8% of the subjects were considered
moderately verbal by their parents.

On the other hand, our demographic question-
naire included a question con-cerning any po-
tential specific interests. Three children had
none (27.3%), whilst 8 (72.7%) had at least
one. The latter included music, films, cooking,
electronics, games, Google Maps, informatics,
mathe-matics, and the use of a tablet. Table 1
summarizes the participants’ main charac-ter-
istics, notably their age, verbality level, SRS se-
verity range, as well as their past experiences
with a robot and/or a tablet. This last factor was
included in order to examine any potential fa-
miliarity effects during their interactions with
both story-teller-devices.

Table 1: Distribution of socio-demographic
characteristics

Age Verbality* SRS2- Experience
Severity Tablet &

Robot

13 MV Mild Both

17 MV Severe None

17 A% Moderate Tablet

14 MV Moderate Tablet

9 MV Severe Tablet

10 MV Severe Both

9 MV Moderate Tablet

11 MV Moderate Tablet

10 A% Severe Tablet

10 MV Severe Tablet

17 MV Severe Tablet

aMV = Moderately Verbal; V = Verbal

Finally, the questionnaires indicated that at the
time of the experiment, 9.1% of the participants
had been working with their current educator
for less than 6 months, and another 9.1% for
one to two years. Meanwhile, the majority of the
children (63.6%) had been working with their
teacher for more than two years. This factor
was also included in order to assess potential
familiarity effects, knowing that the educator
would be present during the experiment.
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2.2 Research Design and Procedure

We chose to conduct a field experiment, which
took place in a specialized center focusing on
the care of children with ASD. A separate class-
room was used for the adolescents, whilst the
younger children were placed in an adjoining
room. Each participant took part in two trials
(separate interactions with a robot and a tab-
let), which were randomized. Alternately, a sub-
ject was exposed to the tablet and then to the
robot, whilst the next participant interacted with
the robot and then with the tablet. No control
group was included. Altogether, the experiment
lasted for approximately ten minutes, and took
place over the course of 4 days. Before starting
the experiment, two team members prepa-red
the room by setting up two cameras at different
angles and building a square zone on the floor
with white tape. In this way, the participants
could stay in sight of the cameras at all time
(see Figure 1). The experimenters also placed
chairs for themselves and the educator in the
corner of the room, behind the participant. No
sitting options were provided for the children in
order to encourage them to keep moving and
possibly interact with the devices.

Each subject was accompanied into the room
by one of their main teachers, where they met
the two experimenters. It was then explained to
the children that a study would be conducted
and that they would have to listen to a short
story. They were also advised to remain within
the taped square. After the brief instructions
were understood, the participants were told that
the cameras had to be readjusted, when in re-
ality their behaviour was being observed for 90
seconds. In the cases where 90 seconds were
deemed too long, the study conductors talked
to the children and explained the procedure in
more detail. One of the experimenters then
started playing the script of the robot or the tab-
let, in accordance with the randomization.

Figure 1: Experimental setup

During the experiment, the study conduc-tors
and the teacher stayed in the back of the room,
not interacting with the child. Based on the pre-
viously collected demo-graphic data, the script
was played in the preferred language of each
child (either Luxembourgish or French). The
stories had been pre-recorded by a research
team member who was not present during the
experiment. Furthermore, the robot (“Zenbo
Junior II” by Asus) was controlled via an app
(“EMMA”). In this way, the script could be
played in response to each child’s verbal an-
swers. The tablet (Microsoft Surface) had also
been pre-programmed with an application
named “OpenSesame”. In both cases, the
script started with simple questions in order to
engage with the children.

Two stories had been prepared: one for each
device. They were similar in emotional content
and structure but did not include the same char-
acters or main events. During the stories, be-
havioral data was collected once again. The
narrative content was coupled with facial ex-
pressions for both the robot and the tablet, so
that matching facial expressions would appear
on the screen. Due to copyright reasons, we did
not use the original “Zenbo Junior II” face ani-
mation, but a cartoon-like face anima-tion. Both
stories touched on the topic of the forest and
animals. The one told by the robot described an
outdoor race between a rabbit and a turtle,
which was surprisingly won by the latter. The
story told by the tablet described a wolf, who
chose to eat a piece of meat although it be-
longed to a fox.

After the story, the device asked the child three
simple questions about its content (i.e. “Who
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were the main characters? “) in order to meas-
ure their attention and memory. The children
could either answer by talking to the device or
by pointing to pictures, sometimes touching
them as well. Then, the second trial began, with
the same procedure as the first trial: 90 sec-
onds of free interaction with the device, fol-
lowed by the story and the interview focusing
on attention and memory. After both trials were
over, the children were asked three questions
in order to evaluate their experience and to
state their preferences (specified in 2.3.2). De-
pending on each evaluative question, the par-
ticipants could point their finger towards the de-
vices, the provided pictures or their educator.
They could also respond verbally.

2.3 Measures

The study was based on socio-demographic,
cognitive, evaluative and behavioral data.
Firstly, the participants’ parents were asked to
complete a demographic questionnaire, along
with the Social Responsiveness Scale 2 (SRS-
2). Evaluative and cognitive data (focusing on
attention and memory) was also gathered in the
form of interview-type questions. Finally, obser-
vational data was collected in the form of video
material. More specifi-cally, behaviors such as
eye gaze, proxy-mity, and restricted and repet-
itive behaviors were measured.

2.3.1 Individual characteristics

We constructed a paper questionnaire in
French (translated to English for one of the par-
ticipants), which was filled out by the subjects’
parents. They were firstly asked to indicate
basic demographic information, i.e. the name,
date of birth, gender, nationality and mother
tongue of their child. The questionnaire also in-
quired about the participant's ASD diagnosis
and severity level, as well as the presence of
any other disabilities. Furthermore, the parents
were asked about the children’s |Q-level, along
with their verbal ability and their specific inter-
ests, when existing. Lastly, the questionnaire
included questions regarding the participants’
past experience with robots, tablets, and with
their current educator.

Moreover, the subjects’ guardians were asked
to complete the SRS-2 question-naire, which is
the second edition of the Social Responsive-
ness Scale. It is a commonly used screener for
ASD. The SRS-2 was mainly handed out in
French, with the exception of one participant,
whose parents preferred the English version.
The SRS indirectly measures characteristics
related to ASD as perceived by third party ob-
servers, in this case the parents of the partici-
pants. The questionnaire consists of 65 items
divided into five treatment subscales and pro-
vides an overall total score. For the purpose of
our study, only the total score was considered
relevant. The items of the SRS-2 were evalu-
ated on a four-point Likert-type scale ranging
from not true (1), sometimes true (2), often true
(3) to almost always true (4). During the as-
sessment of the questionnaires, four different
results were possible, each suggesting a sever-
ity range and its clinical significance. A T-score
of 76 or higher suggests severe clinical signifi-
cance regarding social deficits, whilst a T-score
ranging from 66 to 75 is considered as moder-
ate, and a T-score from 60 to 65 is considered
mild. Finally, a T-score of 59 and below indi-
cates that the individual has no social difficul-
ties indicative of a possible ASD diagnosis. The
SRS-2 is areliable and valid scale; internal con-
sistency across items is in fact at a good level
(Constantino & Gruber, 2012).

2.3.2 Interview data

Cognitive data was collected as the devices
asked questions regarding the content of each
story. This was done in order to measure atten-
tion and memory. The three questions were
simple and touched upon main characters and
events. Before the experiment, an educator
who is usually in charge of autistic children had
validated the content and the difficulty level of
both stories and all questions. In order to sim-
plify the questions even further, our team mem-
bers provided pictures for some questions, de-
picting every possible answer. In most cases,
two options were available, with the exception
of one question with four options. The robot
asked the children about the main character
and event of its story (rabbit and turtle; outdoor
race), as well as the winner (rabbit). The
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tablet’s questions were very similar but adapted
to its different plot (wolf and fox).

After both ftrials, three evaluative questions
were asked. In order to operationalize evalua-
tive variables, a similar study chose to use sim-
ple questions (Kose-Bagci et al., 2009). The
main difference between this study and ours
was the use of a Likert-Scale. In our case, such
a scale was deemed inappropriate by our sub-
jects’ teachers, who believed the children
would have had difficulties expressing their
opinion in this manner. We thus constructed
questions that were more adapted to the partic-
ipants’ level of compre-hension and cognition,
following their educators’ advice. Firstly, the ex-
periment-ters asked which story the children
preferred; they could answer by pointing to-
wards the device. Secondly, the partici-pants
were asked whether they found the stories
easy or not, with the help of two pictures depict-
ing a “thumbs up” and a “thumbs down”. Lastly,
the team members asked the subjects if they
would prefer to work with a robot, a tablet or
their main teacher in the future. They could an-
swer by pointing towards their preference.

2.3.3 Observational data

In order to collect observational data, we rec-
orded every session using two cameras, placed
at different angles. After the experiment, a team
member performed a second-by-second analy-
sis of the videos. Three behavioral criteria were
measured, namely proximity to the device, eye
gaze and restricted and repetitive behaviors
(RRB’s). In the beginning, the children had 1:30
minutes of “silent time” in order to get familiar
with the material and interact with it freely. Each
child’s level of proximity was assessed during
the initial silent time, so that the results wouldn’t
be biased by the tactile modality of the tablet.
In this way, their approach and retreat behavior
was measured with the help of a four-point Lik-
ert-type scale ranging from very far (4), far (3),
close (2) to very close (1). Eye gaze frequency
and duration was also measured during the si-
lent part of the experiment and the story. In this
case, total frequency refers to how often the
children looked at the device, whilst total dura-
tion refers to how long they looked at the

device. Finally, the frequency of each partici-
pant's RRB’s was collected during the silent
and storytelling parts of the study. Here, RRB’s
were defined as any purposeless behavior ex-
hibited at least 3 times in a row by the children.
In our study, examples of such chains of behav-
ior included repeating seemingly meaningless
words or sentences, pointing at no particular
object or person, and more. The behaviors
were later coded by number of chains and num-
ber of behaviors in one chain (Costa et al.,
2018).

3 Analysis

The behavioral data was coded by one team
member, who performed a second-by-second
analysis of each experiment. In order to assess
the children’s proximity to the storyteller, a 4-
point Likert-scale was used (1 = very close; 2 =
close; 3 = far, 4 = very far). For further analysis,
we selected the point of the scale in which the
children spent the most time (mode). We also
coded the subjects’ number of eye gazes to-
wards the storyteller, as well as the duration of
each gaze. We divided the frequency by the to-
tal duration of eye gazes so that we could in-
clude both measurements in a single value.

Furthermore, in order to analyze the children’s
RRB'’s during each interaction, our team mem-
ber coded the number of RRB chains and num-
ber of repetitions per chain. The averages of
these values were used for the statistical anal-
ysis. In other to assess the children’s attention
and memory, we coded their answers by as-
signing 1 point for every correct answer, and no
point (0) for every wrong answer. We used the
sum of right answers to obtain a personal score
for further analysis. When coding the first eval-
uative question, we assigned numbers to each
answer option. In fact, we coded the answer
“robot” using number 1, and the answer “tablet”
using number 2. For the second question, we
assigned number 1 to the answer “yes”, whilst
number 0 was assigned to the answer “no”.
Likewise, the last evaluative question was
coded by assigning numbers to each answer
option. We coded the answer “robot” using
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number 1, the answer “tablet” using number 2
and the answer “teacher” using number 3.

According to the central limit theorem of Lin-
denberg and Lévy (Field, 2009) our sample
size (N=11) does not allow to assume normal
distribution (N < 30). Therefore, we only used
non-parametric tests for our statistical analysis.

4 Results

In order to statistically analyze our behavioral
data, non-parametric Wilcoxon signed-rank
tests were used.

H1. When it comes to proximity, our results
show that children with ASD tend to approach
the robot (M= 2.73; SD= 0.77) more than they
tend to approach the tablet (M= 2.82; SD=
0.98). However, this difference is not statisti-
cally significant, Z= -0.26; p= 0.49; r= 0.1 (see
Figure 2).

284 p=049
I 2,82
2,82

28
2,78
2,76
2,74 2,73
2,72
2,7
2,68

robot tablet

Mean Proximity

storyteller

Figure 2: Relationship between proximity and
storytelling conditions

N.B. The lower the score, the lower the proxim-
ity between the participant and the storyteller
(p=0.49).

H2. Regarding the childrens’ eye-gaze towards
the tablet and the robot, our results suggest
that the participants looked at the tablet more
often and for longer periods of time (M= 97.09;
SD= 25.84) than at the robot (M= 90.41; SD=
47.02). However, this difference is not statisti-
cally significant, Z=-0.45; p=0.35; r= 0.13 (see
Figure 3).

=035
98 [ £ 1 97,00

90,41

Number of eye-gazes/Total duration of eye gazes

robot tablet
storyteller

Figure 3: Relationship between eye-gaze and
storytelling conditions (p= 0.35)

H3. When analyzing the frequency of the chil-
dren’s RRB’s, a significant difference was
found between both conditions,Z= -2.55; p=
0.004; r= 0.76 (see Figure 4) . In fact, the chil-
dren showed more RRB’s during the interaction
with the robot (M= 6.16; SD= 4.67) than during
the interaction with the tablet (M= 3.54; SD=
3.62).

I'6,16

RB repetition per chain

Robot Tablet
storyteller

Figure 4: Relationship between restricted and
repetitive behaviors and storytelling conditions
(p<0.05)

H4. Regarding the cognitive data, our results
show that the questions asked by the tablet (M=
1.64; SD= 0.67; Min= 1; Max= 3) were more
often answered correctly than the questions
asked by the robot (M= 1.27; SD= 1.01; Min=
0; Max= 3).

H5a. When it comes to the evaluative data, we
found that more children preferred the story told
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by the tablet compared to the story told by the
robot (see Figure 5).

Figure 5: Percentage of the subjects’ story
preferences

H5b. Finally, our results show that in the future,
all participants but one (90.9%) would rather
work with a tablet than with their teacher or a
robot. A single subject declared that he would
prefer to work with his teacher (9.1%), whilst
none of the children chose the robot as their fu-
ture preference (see Figure 6).

= Robot = Tablet Teacher

Figure 6: Percentage of subjects’ preferred de-
vice for the future

4.1 Further Analysis

In addition to our hypotheses, we searched for
a potential correlation between the participants’
age and their preferred story. Spearman’s rho
was thus used. Although the results show that
there is indeed a positive correlation between
the two variables (p= 0.17), the correlation is

weak and not statistically significant (p= 0.31).
Furthermore, we searched for potential correla-
tions between the participants’ SRS severity
range and their cognitive scores, as well as
their preferred story. A positive correlation was
found between the subjects’ cognitive scores
and their SRS severity range (p=0.17), but this
correlation was not statistically significant (p=
0.31). Likewise, another positive correlation
was found between the children’s preferred
story and their SRS severity range (p= 0.18),
but again, it was not statistically significant (p=
0.30). It is also important to note that 10 out of
11 participants (90.9%) rated the stories as
easy. Only one participant (9.1%) rated the sto-
ries as difficult.

5 Discussion & conclusion

The aim of this study was to compare the cog-
nitive and behavioral attitudes of children with
ASD towards robot and tablet storytellers. The
children’s eye-gazes, their proximity to the de-
vices as well as their amount of restrictive and
repetitive behaviors were analyzed and then
compared. In addition to the behavioral data,
the subjects’ attention was also measured
through their capacity to recall simple elements
of each story. The children’s personal evalua-
tion of the interaction was taken into account as
well. The findings of the study and their impli-
cations will now be discussed.

The present study suggests that children with
ASD are as likely to approach a tablet as they
are to approach a robot. Indeed, no statistically
significant difference was found between the
subjects’ proximity to each device. Likewise,
the analysis showed no significant difference
between the subjects’ eye gazes in each con-
dition, suggesting that autistic children are as
likely to establish eye contact with a robot as
with a tablet. It is important to note that the vis-
ual stimuli were the same for both devices
(Emma face animation), which may have con-
tributed to these similar results. Our two initial
hypotheses regarding proximity and eye gaze
have thus been rejected. These findings are
particularly interesting as they demonstrate that
the subjects of this study were willing to
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communicate almost equally with both devices.
In a therapeutic setting, this might indicate that
the use of tablets and robots could improve so-
cial interaction at a similar rate, as long as the
same scripts and animations are used. In fact,
if children with ASD are more likely to engage
in conversations with a robot rather than with a
human, as highlighted in the introduction, the
same could be presumed for tablets.

Furthermore, our results suggest that children
with ASD present less RRB’s when interacting
with a tablet than they do when interacting with
a robot. Our third hypothesis has thus been
confirmed. As previously mentioned, studies
show a positive correlation between RRB’s and
anxiousness. Our results could thus mean that
children with ASD tend to feel more anxious in
the presence of a robot than they do in pres-
ence of a tablet. This could be due to familiarity:
indeed, 10 out of 11 participants have access
to a tablet at home, according to the demo-
graphic questionnaire completed by their par-
ents. In fact, the mere-exposure effect sug-
gests that people tend to prefer elements with
which they are more familiar (Zajonc, 1968).
One can thus wonder whether different results
would have been found if the subjects had mul-
tiple sessions with the robot prior to the experi-
ment. In this way, the children would have had
similar levels of familiarity with both devices
and the results would have been more conclu-
sive.

Moreover, our analysis suggests that children
with ASD are as likely to pay attention to a story
and memorize its content if the latter is told by
a robot, as they are if it is told by a tablet. In-
deed, no statistically significant difference was
found between the number of correct answers
in each condition, thus disproving our initial hy-
pothesis regarding cognitive performan-ces.
These results support our behavioral data, and
potentially indicate that tablets could be as effi-
cient as robots in education-nal and therapeutic
contexts. Robots have in fact been shown to
improve the social skills of children with ASD
(Cabibihan et al., 2013), and although further
longitudinal studies are needed, our results
may imply the same for tablets. Indeed, the
teaching of social skills such as turn taking and
imitation all require memory and attention

which have not been found to vary when com-
paring robots and tablets. These results are in-
teresting as tablets are more financially acces-
sible than robots, and their use could easily be
integrated in different types of therapy (Mech-
ling, 2007).

As for the subjects’ personal evaluation, our re-
sults show that the children preferred the story
told by the tablet over the one told by the robot.
Likewise, they would prefer to work with the
tablet in the future; in fact, none of the partici-
pants chose the robot when answering this
question. As explained previously, this could be
due to their familiarity with the tablet. Our last
two hypotheses regarding the children’s evalu-
ation of the interaction have thus been rejected.
No statistically significant correla-tion was
found between the participants’ preferences
and their age, nor with their SRS scores. This
suggests that their age and social responsive-
ness skills had no impact on their preferred de-
vice.

In our study, the participants showed an equal
willingness to communicate with the robot and
with the tablet. Their cognitive performances
were not particularly impacted by one device or
the other. Although the subjects appeared to
feel more at ease when interacting with the tab-
let, and expressed a general preference for the
latter, these results are to be considered within
the limitations of the study. Indeed, had the
subjects also been familiarized with the robot
prior to the experiment, the tendency to prefer
the tablet might have been lower.

Furthermore, technical issues interfered with
the experiment, such as the robot’s face freez-
ing or the tablet speaking in the wrong lan-
guage for a few seconds. The children also ap-
peared to be slightly distracted by the study
conductors, especially during silent time. It is
possible that their eye gazes would have been
longer and/or more frequent if the experiment-
ers had not been in the room. Additionally, the
behavioral data could only be coded by a single
team member, which means that it was not ver-
ified by the rest. This fact might also have
slightly altered the results. Finally, as our sam-
ple size (N=11) was inferior to 15, we could only
conduct non-parametric tests during the
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statistical analysis (Field, 2009). In fact, two
participants showed signs of distress and did
not finish the study; one of them refused to par-
ticipate altogether, whilst the other one inter-
acted with the robot for a few seconds before
running out of the room. They could therefore
not be included in the results. We were also un-
able to study potential gender effects, as all
participants who took part in the experiment
were male.

Moreover, only two experimenters were pre-
sent during the experiment itself. When con-
ducting the study, the team quickly came to the
conclusion that a group of three people would
have been more adequate. In fact, the addition
of another experimenter could have guaran-
teed a more precise documentation. In this sce-
nario, a study conductor would have focused
on technical matters, whilst the second one
would have concentrated on the interaction
with the children. Meanwhile, the third person
would have documented the interactions in de-
tail. In this way, confounding variables could
have been noticed earlier.

It is also important to note that this study
touches upon the attitudes of children with ASD
towards robot and tablet storytellers, but not
upon the efficiency of those devices in terms of
behavioral therapy. Our findings concerning at-
tention and memory could however be applied
in educational contexts which require memori-
zation and attention.

In conclusion, our initial results show no signif-
icant differences between the partici-pants’ per-
formances in each condition. In fact, the chil-
dren generally felt more at ease with the tablet;
most even stated that they preferred the latter
over the robot. However, longitudinal studies
with larger and more diverse samples would be
necessary in order to draw any conclu-sions.
These samples could include neuro-typical
control groups and/or subjects with other neu-
rodevelopmental disabilities. Considering the
lower price and higher accessibility of tablets, it
would in fact be very interesting to continue re-
searching the efficiency of tablets in educa-
tional and therapeutic contexts. If results similar
to ours were to be found in the future, Robot
Assisted Therapy could start including the use

of tablets and potentially become more acces-
sible to the autistic population, both in profes-
sional institutions and at home. It would also be
necessary to study the benefits and disad-
vantages of each device, in order to adapt their
use to the children’s individual needs and
goals.

References

American Psychiatric Association (2013). Diag-
nostic and statistical manual of mental
disorders (5th ed.) https://doi.org/10.11
76/appi_books.9 780890425596

Argyle, M. (1972). Non-verbal communication
in human social interaction, R. A. Hinde
(Ed.) Non-verbal communication. Ox-
ford, England: Cambridge University
Press.

Baird, G., Simonoff, E., Pickles, A., Chandler,
S., Loucas, T., Meldrum, D. & Charman,
T. (2006). Prevalence of disorders of the
autism spectrum in a population cohort of
children in South Thames: The Special
Needs and Autism Project (SNAP). The
Lancet (British Editi-on), 368(9531), pp.

210 - 215. https://
doiorg.proxy.bnl.lu/10.1016/S0140676(0
6)6 9041-7

Baribeau, D. A., Vigod, S., Pullenayegum, E.,
Kerns, C. M., Mirenda, P., Smith, I. M. &
Szatmari, P. (2020). Repetitive behavior
severity as an early indicator of risk for el-
evated anxiety symptoms in autism spec-
trum disorder. Journal of the American
Academy of Child & Adolescent Psychia-

try, 59(7), pp. 890 - 899
https://doiorg.proxy.bnl.lu/10.1016
/j.jaac.2019.08.478

Baron-Cohen, S., Scott, F. J., Allison, C., Willi-
ams, J., Bolton, P., Matthews, F. E., &
Brayne, C. (2009). Prevalence of autism-
spectrum conditions: UK school based
population study. The British journal of

115



Godinho Coehlho, Hoffmann, Martins, Nittenwilm, Paulus, Vintila — Robots and Tablets in Autism Education:
Comparing Behavior, Cognition, and Preferences

psychiatry, 194(6), pp. 500 - 509. doi:
10.1192/bjp.bp.108.059345

Bodfish, J. W., Symons, F. J., Parker, D.E., &
Lewis, M. H. (2000). Varieties of repeti-
tive behavior in autism: Compari-sons to
mental retardation. Journal of autism and
developmental disorders, 30(3), pp. 237 -
243. https://doi.org/10. 1023
[A:1005596502855

Cabibihan, J., Javed, H., Ang, M. & Aljunied, S.
M. (2013). Why Robots? A Survey on the
Roles and Benefits of Social Robots in
the Therapy of Children with Au-tism. In-
ternational Journal of Social Robot-
ics, 5(4), pp. 593 - 618. https:/
doiorg.proxy.bnl.lu/10.1007/s12369013-
0202-2

Center for Disease Control and Prevention
(2018). Prevalence and Characteristics
of Autism Spectrum Disorder Among
Children Aged 8 Years. Autism and De-
velopmental Disabilities Monitoring Net-
work, https://www.cdc.gov/mmwr/volu
mes/70/ss/pdfs/ss7011a1-H.pdf

Constantino, J. N., & Gruber, C. P. (2012). So-
cial Responsiveness Scale Second Edi-
tion (SRS-2). Torrance, CA: Western
Psychological Services

Costa, A., Charpiot, L., Lera, F., Ziafati, P.,
Nazarikhorram, A., Van der Torre, L., &
Steffgen, G.. (2018). A Comparison be-
tween a Person and a Robot in the Atten-
tion, Imitation, and Repetitive and Stere-
otypical Behaviors of Children with
Autism Spectrum Disorder. Open Repos-
itory and Bibliography.

Costa, T. Schweich, L. Charpiot, G. Steffgen et
al. (2018). Attitudes of Children with Au-
tism towards Robots: An Exploratory
Study. Presented at  Interaction  De-
sign and Children (IDC-CRI2018) Work-
shop. https://doi.org/10.1111/j.14 69 -
7610.19 96.tb01386.x

Dissanayake, C., & Crossley, S. A. (1996).
Proximity and sociable behaviours in au-
tism: Evidence for attachment. Journal of
child psychology and psy-chiatry, 37(2),
pp. 149 - 156.

Dunlap, G., Dyer, K., & Koegel, R. L. (1983).
Autistic self-stimulation and intertrial in-
terval duration. American journal of men-
tal deficiency, 88(2), pp. 194 - 202.

Durand, V. M., & Carr, E. G. (1987). Social
influences on “self-stimulatory” behavior:
Analysis and treatment application. Jour-
nal of Applied Behavior Analysis, 20(2),
pp. 119-132. https:// doi.org/10.1
901/jaba.1987.20-119

Edwards. (2018, May). Mix it up Monday: Con-
sider the novelty effect. https://edwards
voice.wordpress.com/2018/05/07/mix-i_t-
up-monday-consider-the-novelty-effect/

Escobedo, L., Nguyen, D. H., Boyd, L., Hirano,
S., Rangel, A., Garcia-Rosas, D., &
Hayes, G. (2012, May). MOSOCO: a mo-
bile assistive tool to support children with
autism practicing social skills in real-life
situations. In Proceedings of the SIGCHI
Conference on Human Factors in Com-
puting Systems, pp. 2589 - 2598

Fage, C., Consel, C. Y., Balland, E., Etchegoy-
hen, K., Amestoy, A., Bouvard, M., &
Sauzéon, H. (2018). Tablet apps to sup-
port first school inclusion of children with
autism spectrum disorders (ASD) in
mainstream classrooms: A pilot study
(2020). Frontiers  in  Psychology, 9.
https://doi.org/10.3389/fpsyq.2018.0202
0

Feil-Seifer, D, & Matari¢, Maja J. (2011). So-
cially Assistive Robotics. IEEE Robotics
& Automation Magazine, 18(1), pp. 24 -
31. doi: 10.1109/MRA.2010.940150

Field, A. (2009) Discovering Statistics Using

SPSS. 3rd Edition, Sage Publications
Ltd., London.

116


https://doi.org/10
https://www.cdc.gov/mmwr/
https://edwards/

Godinho Coehlho, Hoffmann, Martins, Nittenwilm, Paulus, Vintila — Robots and Tablets in Autism Education:
Comparing Behavior, Cognition, and Preferences

Fombonne, Eric. (2009). Epidemiology of per-
vasive developmental disorders. Pediat-
ric Research, 65(6), pp. 591 - 598.

Gabiriels, R. L., Cuccaro, M. L., Hill, D. E., Ivers,
B. J., & Goldson, E. (2005). Repetitive
behaviors in autism: Relationships with
associated clinical features. Research in
developmental disabilities, 26(2), pp. 169
- 181.  https://doi.org/10.1016/j.ridd.
2004.05.003

Goldin-Meadow, S. (1999). The role of gesture
in communication and thinking. Trends in
Cognitive Sciences, 3(11), pp. 419 - 429.
https://doi.org/10.1016/S1364-
6613(99)01397-2.

Ho, S., Foulsham, T., & Kingstone, A. (2015).
Speaking and listening with the eyes:
gaze signaling during dyadic inter-ac-
tions. PloS one, 10(8), e0136905

Joyce, C., Honey, E., Leekam, S. R., Barrett, S.
L., & Rodgers, J. (2017). Anxiety, intole-
rance of uncertainty and restricted and
repetitive behaviour: Insights directly
from young people with ASD. Journal of
Autism and Developmental Disorders,
47(12), pp. 3789 - 3802.

Kose-Bagci H., Ferrari E., Dautenhahn K.,
Sverre D. S. & Nehaniv C. L. (2009). Ef-
fects of Embodiment and Gestures on
Social Interaction in Drumming Games
with a Humanoid Robot. Advanced Ro-
botics, 23(14), pp. 1951 - 1996.

Lai, M.-C., Lombardo, M.V., & Baron-Cohen, S.
(2014). Autism. The Lancet (British Edi-
tion), 383(9920), pp. 896 - 910.

Lee, S., Odom, S. L., & Loftin, R. (2007). Social
engagement with peers and stereotypic
behavior of children with autism. Journal
of Positive Behavior Interven-tions, 9(2),
pp. 67 -79. https://doi.org/
10.1177/10983007070090020401

Lewis, M. H., & Bodfish, J. W. (1998). Repeti-
tive behavior disorders in autism. Mental

retardation and developmental disabi-li-
ties research reviews, 4(2), pp. 80 - 89.
https://doi.org/10.1002/(SICI)1098-277
9(1998)4:2<80::AID-MRDD4>3.0.CO;2 -
0

Loftin, R. L., Odom, S. L., & Lantz, J. F. (2008).
Social interaction and repetitive motor
behaviors. Journal of Autism and Devel-
opmental Disorders, 38(6), pp. 1124 -
1135. https:// doi.org/10.1007/ s10803-
007-0499-5

Lord, C., Elsabbagh, M., Baird, G., & Veenstra
Vanderweele, J. (2018). Autism spectrum
disorder. The Lancet (British  Edi-
tion),392(10146), pp. 508 - 520.
https://doi-org.proxy.bnl.lu/10.1016/S0
140-6736(18)31129-2

Louie, Korneder, Abbas, Pawluk. (2020). A
study on an applied behaviour analysis-
based robot-mediated listening compre-
hension intervention for ASD 2020. Pal-
adyn, Journal of Behavioural Robotics,
vol. 12, no. 1, pp. 31 - 46. htips:/
doi.org/10.1515/pjbr-2021-0005

Lux Al. (2019, May). Why do children with
autism learn better from  robots
https://luxai.com/blog/why-children-wit h-
autism-learn-better-from-robots/

Mechling, L. C. (2007). Assistive technology as
a self-management tool for prompting
students with intellectual disabilities to in-
itiate and complete daily tasks: a litera-
ture review. Education and Trai-ning in
Developmental Disabiliti-es,42(3), pp.
252 - 269. http://www.jst_ or.org/sta-
ble/23879621

Melo, F. S., Sardinha, A., Belo, D., Couto, M.,
Farias, A., Ventura, R. (2019). Project
INSIDE: Towards autonomous semi-un-
structured human-robot social interac-
tion in autism therapy. Artificial Intelli-
gence in Medicine, 96, pp. 198 - 216.
https://doi-org.proxy.bnl.lu/10.10_16/j.art-
med.2018.12.003

117


https://doi.org/10.1016/j.ridd
https://doi.org/
https://doi.org/
https://doi.org/10.1002/(SICI)1098-277
https://doi-org.proxy.bnl.lu/10.1016/S0
https://luxai.com/blog/why-children-wit
http://www.jst/
https://doi-org.proxy.bnl.lu/10.10

Godinho Coehlho, Hoffmann, Martins, Nittenwilm, Paulus, Vintila — Robots and Tablets in Autism Education:
Comparing Behavior, Cognition, and Preferences

Michaelis, M. Gombolay, M., De Graaf, T.
(2021). Novelty Effects in Human-Ro-
bot Interaction. Frontiersin.

O’Haire, M.E. (2012). Animal-Assisted Inter-
vention for Autism Spectrum Disorder: A
Systematic Literature Review. Journal of
Autism and Developmental Diso-
rders, 43(7), pp. 1606 - 1622. doi: 10.10
07/s10803-012-1707-5

Pino, O., Palestra, G., Trevino, R. et al. (2020).
The Humanoid Robot NAO as Trainer in
a Memory Program for Elderly People
with Mild Cognitive Impairment. Int J of
Soc Robotics 12, pp. 21 - 33. https://doi-
org.proxy.bnl.lu/10.__ 1007/s12369-019-

00533-y

Pop, C. A., Simut, R. E., Pintea, S., Saldien, J.,
Rusu, A. S., Vanderfaeillie, J. & Vander-
borght, B. (2013). Social robots vs. com-
puter display: Does the way social stories
are delivered make a difference for their
effectiveness on ASD children?. Journal
of  Educational =~ Computing  Re-
search, 49(3), pp. 381 - 401
http://dx.doi.org/10.2190/EC.49.3.f

Robins, B., Dautenhahn, K., & Dubowski, J.
(2006). Does appearance matter in the
interaction of children with autism with a
humanoid robot?. Interaction studies,
7(3), pp. 479 - 512. https://doi.org/10.10
75/is.7.3.16rob

Saad, J. Broekens, M. Neerincx, K.V. Hindriks.
(2020). Enthusiastic Robots Make Bet-
ter Contact. Presented at EEE/RSJ In-
ternational Conference on Intelligent Ro-
bots and Systems (IROS)

Scassellati, B, & Admoni, H. & Matari¢, M.
(2012). Robots for Use in Autism Re-
search. Annual review of biomedical en-
gineering. 14. pp. 275 - 294. 10.1146/an-
nurev-bioeng-071811-1500 36.

Srinivasan, S.M., Eigsti, I.-M., Neelly, L., &
Bhat, A.N. (2016). The effects of embod-
ied rhythm and robotic interventions on

the spontaneous and responsive social
attention patterns of children with autism
spectrum disorder (ASD): A pilot random-
ized controlled trial. Research in Autism
Spectrum Disorders, 27, pp. 54 - 72.
https://doi-org.proxy.bnl.lu/10.
1016/j.rasd.2016.01.004

Szymona, B., Maciejewski, M., Karpinski, R.,
Jonak, K. Radzikowska-Blchner, E., Nid-
erla, K. & Prokopiak, A. (2021). Robot-
Assisted Autism Therapy (RA AT). Crite-
ria and Types of Experiments Using An-
thropomorphic and Zoomor-phic Robots.
Review of the Re-search. in Sensors (Ba-
sel, Switzer-land), 21(11), p. 3720.
https://doi.org/ 10.3390/s21113720

Thill, S., Pop, C. A., Belpaeme, T., Ziemke, T.,
& Vanderborght, B. (2012). Robot-as-
sisted therapy for autism spectrum disor-
ders with (partially) autonomous control:
Challenges and outlook. Paladyn, 3(4),

pp. 209 - 217. https://doi-
org.proxy.bnl.lu/10.2478/s13  230-013-
0107-7

Turner, M. (1999). Repetitive behaviour in au-
tism: A review of psychological research.
The Journal of Child Psychology and
Psychiatry and Allied Disciplines, 40(6),

pp. 839 - 849.  https://  doi-
org.proxy.bnl.lu/10.2478/s1323001 3-
0107-7

Vanderborght , B. (2012). Robot assisted ther-
apy for autism spectrum disorders with
(partially) autonomous control: Challen-
ges and outlook. Paladyn, 3(4), pp. 209 -
217.

Waterhouse, L. (2013). Rethinking Autism :

Variation and Complexity (1st ed.). Lon-
don ; Waltham, MA: Academic Press.

118


https://doi-org.proxy.bnl.lu/10
https://doi-org.proxy.bnl.lu/10
http://dx.doi.org/10.2190/EC.49.3.f
https://doi.org/10.10
https://doi-org.proxy.bnl.lu/10

Luxemburger Experimentalpraktikum Journal (LEx), 16, 2022

The Impact of Hemispheric Laterality on Interoceptive

Processing

Meggie Barnabo, Mareike Boos, Jessica Goergen, Franziska Leufgen, Emily Schramm, Joy Stein-
metzer
Supervision: Sam Bernard (M.Sc., Doctoral Researcher)

This study aimed at gaining a deeper insight on Hemispheric Laterality and its impact on interocep-
tion. We investigated a potential link between being left- or right-handed and the perception of one’s
own body. A Heartbeat Counting Task was administered, in which participants reported the number
of their perceived heartbeats in comparison to those measured with an ECG recording. Afterwards, a
Time Estimation Task, serving as the control condition, was administered. Given the results of previ-
ous research, we expected to find a significant difference in Interoceptive Accuracy when controlling
for Hemispheric Laterality, which could however not be found in our sample of N = 42 participants.
Nevertheless, we found a difference between female left- and right-handers at trend level, showing
that female left-handers achieve highest Interoceptive Accuracy scores. In addition, investigating the
gender difference within right-handed participants only, another result at trend-level was found.
Moreover, a significant difference between time conditions was revealed, indicating that Interocep-

tive Accuracy scores were highest performing the task during the later afternoon.

Introduction

Interoception is what we can describe as the
conscious and unconscious perception of our
own body, specifically of the body’s physical
condition and our emotional state. It has to be
differentiated from exteroception, describing
the perception of one’s environment. During the
last years, the importance of Interoception in
psychological research has grown, as it holds a
“fundamental role [...] in human con- scious-
ness” and has been found to be able to influ-
ence human behavior via motivational pro-
cesses (Craig, 2003). Implications of a dys-
function in Interoceptive processing leading to
mental health issues such as eating disorders
or mood and anxiety disorders have been ma-
de, which make this topic clinically relevant.
(Khalsa et al., 2018). Recent psychophysiolo-
gical findings have revealed that the In- tero-
ceptive cortex, represented in the right an- te-
rior insula, receives sensory input from the en-
tire body and not just from the viscera as
assumed previously. It has therefore been de-
scribed as the “long-missing afferent com-

plement of the efferent autonomic nervous sys-
tem (ANS)” (Craig, 2002).

As Interoceptive processes interact with cogni-
tion and emotion, there are interindividual dif-
ferences between humans concerning the abi-
lity to perceive these inner bodily feelings as
well as the characteristics of the Interoceptive
feelings themselves. It can be differentiated be-
tween Interoceptive Accuracy, which describes
the objective Interoceptive ability of- ten indi-
cated by behavioral performances, and Intero-
ceptive Sensibility, the subjective beliefs in
one’s Interoceptive ability (Garfinkel et al.,
2015).

In order to quantify the construct of Interocep-
tive Accuracy, Schandry et al. have establis-
hed a paradigm frequently used in experimen-
tal research: In this task, test subjects have to
count their own heartbeat in different time in-
tervals without external help, such as feeling
their own pulse. Their subjective reports will
then be compared to the actual number of he-
artbeats in the respective time intervals, resul-
ting in an objective measure of their interocep-
tive ability. It is important to stress that subjects
classified as good perceivers of their own
heartbeat showed higher levels of state anxiety
and higher levels of emotional lability as a per-
sonality trait in the original study (Schandry,
1981). However, these findings could not be
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supported in a replication of Schandry’s study
by Montgomery and Jones, resulting in the as-
sumption that factors like the respiration rate as
a result of general autono- mic arousal rather
than state or trait anxiety — making obesity an-
other indicator of Interocep- tive Accuracy -
could possibly be influencing interoceptive abil-
ity (Montgomery & Jones, 1984). However, it
should not be argued that emotional experi-
ence ought to be considered when administer-
ing Schandry’s heartbeat counting task, as
emotion is still coupled to in- teroceptive pro-
cessing. As a measure of In- teroceptive Sen-
sibility, the subject’s con- fidence ratings in their
own answer after each interval compared to the
actual Interoceptive Accuracy can be inte-
grated in the Schandry task. Previous findings
suggest that there is almost no correspondence
between Interocep- tive Sensibility and Intero-
ceptive Accuracy (Garfinkel et al., 2015).
Hence, regarding the relationship of Interocep-
tive Accuracy and Sensibility as well as the key
factors influen- cing Interoceptive ability, the
aim of this study is to investigate this topic fur-
ther.

Our research question is based on various find-
ings with reference to the influence of He-
mispheric Laterality on interoception. Studies
making use of the heartbeat detection para-
digm as an operationalization of Interoceptive
Accuracy have shown that right hemisphere
preference was significantly related to the per-
formance in the heartbeat detection task (Mont-
gomery & Jones, 1984). These findings may be
explained by a possible relation of in- terocep-
tive ability to cortical events in the right hemi-
sphere (Katkin et al., 1991). In order to differ-
entiate between right and left hemi- spheric
preference, conjugate level eye mo- vements
were evaluated. This paradigm how- ever has
been quite controversial, as the direction of eye
movement can be influenced by other factors
and distractors (Hantas et al., 1984).

In our study, we therefore want to review and
possibly verify the findings on Interoceptive Ac-
curacy being influenced by right hemi- spheric
preference, the latter being operatio-

nalized by differentiating between left- handed-
ness and right-handedness instead of conju-
gate level eye movement measurement. We
will administer Schandry’s heartbeat de- tection

task and compare Interoceptive Ac- curacy to
Interoceptive Sensibility, measured by the par-
ticipant’s self-reported confidence in their an-
swer, and further investigate the relati- onship
between interoceptive ability and state anxiety,
as previous findings on these aspects have re-
sulted in opposing implications. Furthermore, a
possible gender difference will be investigated,
as Montgomery and Jones have suggested that
men could show better performance in a heart-
beat detection task due to a stronger lateraliza-
tion.

Hence, we postulate the following hypotheses:
1. Thereis a significant difference in Inter-
ocepti- ve Accuracy when controlling
for Hemispheric Laterality (Katkin et al.,

1991)

2. A) There is a significant difference be-
tween left-handed and right-handed
people concern- ing their score in the
heartbeat discrimination task which
can be considered a measure for Inter-
oceptive Accuracy (Montgomery &
Jones, 1984)

B) Left-handed people will score higher
in In- teroceptive Accuracy than right-
handed peop- le (Hantas et al., 1984)

3. There is no significant difference in per-
forming the Time Estimation Task be-
tween left-handed and right-handed
people.

Methodology

Materials /Measures

To begin with, we used a proprietary self- report
questionnaire to assess basic demo- graphic,
medical and physiological markers, including
age, gender, history of past or present iliness,
medication, sleep quality and quantity, as well
as height and weight (used to evaluate the
BMI).

In order to confirm the participant’s reported hand-
edness, the 10-item Edinburgh handed- ness Inven-
tory (Oldfield, 1971) was used. A variety of different
“everyday tasks” such as “with which hand do you
normally use the broom when swiping the
floor?” was given and the participant then had
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to mark out which hand is more commonly used
to realize the task. In the end, all ticks per hand
were added and the sum which was greater, in-
dicated the participants handedness.

In addition, we used the State-Trait-Anxiety In-
ventory (Spielberger, Gorsuch, Lushene,Vagg,
& Jacobs, 1983) which has forty items in total.
The inventory consists of the STAI-T Question-
naire, which participants had to fill out before
completing both the Heartbeat Counting and
Time Estimation Task. Partici- pants could
choose which item corresponded to their actual
well-being by using a 4-point Li- kert scale rang-
ing from 1 (almost never) to 4 (very often).
Items like “| am satisfied”, “I am happy” and I
feel like, | want to cry” are examples of state-
ments stated in the Inventory.

At the end of the experiment, consequently af-
ter completing the task, participants then had to
fill out the second part of the inventory, the
STAI-S Questionnaire. Here, typical state-
ments are “| am nervous”, “I am content” and “I
am calm”.

For the measurement of the participant’s actu-
al heart rate, the Polar Watch RS800CX was
used, to which participant’s heartbeats were
transferred wirelessly from two ECG electro-
des on their chest. Using the software Polar-
Trainer5 allowed us to extract the recorded
number of heartbeats during each interval and
to calculate an Interoceptive Accuracy score.

Participants

Altogether, N = 42 participants took part in the
study. The average age was M = 25.93 (SD =
10.24). Participants were aged between 18 and
55 years. Concerning the gender distribu- tion,
47.6 % of the participants were male and 52.4
% were female. In total, 50 % were left- handed
(N=21) whereas 50 % (N=21) indica- ted to be
right-handed.

While 28.4 % indicated that they work, 71.4 %
reported they do not. Finally, 69 % of the par-
ticipants indicated to be students.

Study procedure

We divided our sample into two groups, ac-
cording to their handedness. During the expe-
riment, all participants did both the heartbeat
counting task (experimental condition) first as
well as the Time Estimation Task (control con-
dition) after in order to avoid priming effects.
Each task contained a practice trial as well as
six trials of 25, 35, 45, 55, 65 and 75 seconds.
The order was assigned randomly to each par-
ticipant. Participants were either invited to a
dedicated experimental room on the University
of Luxembourg’s Campus for the duration of
the study (N = 16), however, due to practical
reasons such as a limited testing period of four
weeks, most participants were tested at their
homes (N = 26). Firstly, they received an infor-
mation sheet with general information on the
study and about the nature of the task to follow,
without being told explicitly the object that is in
focus of the estimation or counting task.

Afterwards, they were asked to fill out all ques-
tionnaires mentioned above, except for the
STAI-S, which they were asked to answer af-
ter the actual experiment. In this part of the
study, their reported hemispheric preference
was confirmed using the Edinburgh Scale.

Participants were then sat in front of a laptop,
the experimenter retreating to the background
in order for the participants to not feel obser-
ved. Firstly, participants were told to relax dur-
ing a five-minute resting period, so that their
usual resting heart rate could be reached and
stabilized. They were then introduced to the
Schandry Heartbeat Counting Task, in which
they had to perceive and count their own heart-
beat in the six given intervals. After each trial,
they were told to rate their con- fidence in their
own answer on a scale of zero to eight. The
Heartbeat Counting Task was then immediately
followed by the Time Estima- tion Task, in
which participants were asked to indicate how
many seconds had passed in the given inter-
vals, and again report their con- fidence in their
answer on the same scale.

After the experimental session of about forty
minutes in total was over, participants were
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reimbursed for their time by being given an in-
centive of 10€ gift voucher and students of the
University of Luxembourg could choose to be
accredited participation hours for their respec-
tive courses additionally.

Analysis

Our analysis was conducted using the statisti-
cal software IBM SPSS 27. Due to corrupted
ECG recordings, two participants of the origi-
nal sample of N = 44 participants had to be ex-
cluded.

The State-Trait-Anxiety Inventory Question-
naires STAI-T and STAI-S were evaluated ba-
sed on raw values, each serving as a new sta-
te- and trait anxiety variable. Two new variables
were computed, one being the In- teroceptive
Accuracy score and the other being the Time
Estimation Accuracy score, u- sing a commonly
used formula: 1- 1/n ) |recorded heartbeats-re-
ported heart- beats|/recorded heartbeats, n be-
ing the num- ber of trials, in our case n = 6 (Ain-
ley et al., 2020). As the instructions were not
correctly understood, leading to a deviation of
more than two Standard Deviations (SD = .24)
from the mean (M = .64), we had to exclude two
more participants for the Heartbeat Counting
Task, which resulted in new total of N = 37 par-
ticipants for the Heartbeat Counting Task. The
same issue occurred in the Time Estima- tion
Task (M = .81, SD =.12), leading to a total of N
= 41 for the analyses of the Time Estima- tion
condition. In order to report the Interocep- tive
Sensitivity for each of the two tasks, we com-
puted two more variables out of the mean val-
ues taken from the Likert scales.

Before conducting any analyses, the assump-
tion of normality was investigated with a Kol-
mogorov-Smirnov Test for Normality as well as
a Shapiro-Wilk Test for Normality. How- ever,
as the sample size was N > 20 (N = 42) and
therefore part of the “central limit theorem” (Van
den Berg, R. G., 2020) it is to conclude that the
sample is normally distributed.

First, a frequency analysis of the sample was
conducted, and in order to test our hypothe-
ses, we conducted several correlative analy-

ses as well as t-Tests and Analyses of Vari-
ance (ANOVA).

Results

The results of the correlation analysis show that
Interoceptive Accuracy and Interoceptive Sen-
sibility relations are not significantly associated,
r=.09, p =.59. These results align with findings
of Garfinkel et al, 2015. As expected, Time E-
stimation Accuracy and Time Estimation Sensi-
bility are also not significantly correlated, r = -
.03, p=.87.

To compare the means of right-handed (M =
.65, SD = .23) and left-handed participants (M
= .70, SD = .18) with regards to their Interocep-
tive Accuracy score, a t-Test for independent
samples was conducted. As bar chart 1 shows,
it revealed that there is no significant difference
within handedness #(35) = -.69, p = .50, d = .20
which contradicts our main hypothesis of left-
handed people performing better at the Heart-
beat Counting Task.

However, breaking down the heterogeneity of
the sample and investigating the influence of
handedness on Interoceptive Accuracy only in
women (N = 19), we found a difference
between female left- and right-handers at trend
level, {(17) = -2.05, p = .056, d = .24. The out-
comes are underlined in bar chart 2, which
shows that within the highest scoring group in
Interoceptive Accuracy, only left-handed fema-
les were represented. Considering the diffe-
rence that was found in males (N = 18) which
was not significant at all, {(16) = .35, p = .73, d
= .23, these findings could indicate that in a lar-
ger sample, a possible gender difference
exists, hence the effect of laterality on in-
teroception is overpowered by the hetero-
geneity of the complete sample and therefore
only appears within females.

To compare the means of right-handed (M =
.65, SD = .23) and left-handed participants (M
= .70, SD = .18) with regards to their Time Esti-
mation Accuracy score, another t-Test for inde-
pendent samples was conducted. It revealed
that there is no significant difference within
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handedness, #(39) =-.15, p=.88, d =.12, which
confirms the third hypothesis stating that right-
and left-handed people do not differ in regards
to their time estimation ability. This was to be
expected from the task serving as the control
condition.

Further, we investigated a possible gender dif-
ference on Interoceptive Accuracy using a t-
Test for independent samples. Again, no signi-
ficant difference between female and male par-
ticipants was found, #(35) = -1.6, p = .12, d =
.20. This contradicts the proposed hypothesis
by Montgomery and Jones, 1984 stating that
men could outscore women in the Heartbeat
Counting Task due to a stronger lateralization.

However, investigating the gender difference
within right-handed participants only, breaking
down the heterogeneity of the sample once
again, a difference at trend level between fe-
male and male participants was found, {(17) = -
2.10, p = .053, d = .21 considering that the Le-
vene’s Test for Equality of Variances was sig-
nificant and equal variances could not be assu-
med (p = .01). These findings are again of
special interest given that there was no signifi-
cant difference between gender groups in left-
handed people t(16) = -.19, p = .85, d = .18.
Once more, these results stipulate that a pos-
sible gender difference of a larger sample is
overpowered by the heterogeneity of the total
sample.

Mean differences in
Interoceptive and Time
Estimation Accuracy

0,9
0,8
0,7
0,6
0,5
0,4
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Bar chart 1: Mean differences in interoceptive and
Time Estimation Accuracy

No significant difference between female and
male participants was found regarding the Time
Estimation Accuracy score {39) = -.64, p =
524, d = .12, showing that men and women do
not differ significantly in their time estimation a-
bility.

A 2 x 2 Univariate ANOVA was conducted in
order to confirm the t-Test results and further-
more probe a possible interaction effect on
handedness and gender. Neither a significant
main effect of handedness was found, F(1, 33)
= .65, p = .43, n? = .25 nor a significant interac-
tion effect of the two factors was found, F(1, 33)
=1.95, p =.17, n*> = .06. Although there was no
significant main effect of gender on Interocep-
tive Accuracy to be found, F(1, 33) = 2.7, p =
.11, the effect size of this factor on the depen-
dent variable was of medium size, n>= .58. This
supports our findings on a possible gender dif-
ference being overpowered by the hetero-
geneity of the total sample within right-handed
people.

Additionally, based on propositions in literature
(mentioned in the introductory section), we
conducted various correlative analyses to in-
vestigate the influence of different controlled
extraneous variables on Interoceptive Ac-
curacy, which all showed
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Mean differences in
Interoceptive Accuracy
within women

6
5 N Interoceptive
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4 m | Groups
§ 35-.59
33 | 1 35-.
(&)
2 | | | |
1 | —I 6-.76
0
RIGHT LEFT
m .81-.95
Handedness

Bar chart 2: Mean differences in Interoceptive Ac-
curacy within women
non-significant outcomes: age (r=.15, p = .37),
BMI (r= .03, p = .87), quality of sleep (r=.15, p
= .37), duration of sleep (r=-.06, p =.71), me-
dication (r = -.18, p = .30) trait-anxiety (r = -.02,
p =.12) and state-anxiety (r=-.18, p=.08). The
results regarding state anxiety align with fin-
dings by Montgomery and Jones, 1984, who
could also not support Schandry’s hypothesis
that good heartbeat perceivers showed higher
state anxiety in the first place. In addition to the
findings on state-anxiety, we could now show
that anxiety as a personality trait does not seem
to have an influence on Interoceptive Accuracy

either.

To investigate the influence of testing time on
Interoceptive Accuracy, we differentiated
between three time groups, ranging from 9:00
—12:00 o’clock, 12:00 — 16:00 o’clock and from
16:00 o’clock onwards. Results of a correlation
analysis revealed a significant linear relations-
hip between time groups and Interoceptive Ac-
curacy, r = .55, p =.000.

A One-Way ANOVA revealed that there are
significant differences between the time groups
with regards to the Interoceptive Accuracy
score, F (2, 34) =8.24, p = .001, n? = .33. A
post-hoc test (Scheffe) revealed significant dif-
ferences between time conditions, specifically

between groups 3 and 1 as well as between
groups 3 and 2, as the mean score of people
who completed the task after 16:00 o’clock (M
= .80, SD = .15) was significantly higher than
the mean score of people who completed the
task between 9:00 and 12:00 o’clock (M = .53,
SD = .18, p = .008) as well as the mean score
of people who completed the task between
12:00 and 16:00 o’clock (M = .60, SD = .19, p
= .008). Table 1 shows the impact of these re-
sults: If Interoceptive Accuracy scores are divi-
ded into three different groups (.35 - .59; .60 -
.76; .81 - .95), ten out of twelve people in the
best-performing group (a score of .81 onwards)
completed the task later than 16:00 o’clock.
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Time Groups

9:00- 12:00- From Total
12:00 16:00 16:00
Interoceptive .35 Count 4 8 1 13
Accuracy -
groups 59 % 66,7% 53,3% 6,3% 35,1%
within
time
groups
.6- Count 2 5 5 12
76 % 33,3% 33,3% 31,3% 32,4%
within
time
groups
.81 Count 0 2 10 12
- % 0,0% 13,3% 62,5% 32,4%
.95  within
time
groups
Total Count 6 15 16 37
% 100,00% 100,00% 100,00% 100,00%
within

time
groups

Table 1: Interoceptive Accuracy groups * time groups Crosstabulation

Conclusion and Discussion

Summary

Based on the conducted analyses and in the
present sample, we could not support the hy-
pothesis of an impact of one specific hemi-
spheric dominance on Interoceptive Accuracy
per se. Nevertheless, interesting effects of gen-
der at trend level were found, proposing that an
effect of laterality could only be present within
women, so that left-handed women reach hig-
her Interoceptive Accuracy scores on the
Schandry Heartbeat Counting Task than right-
handed women, which can reversely be seen
as an indicator of our second hypothesis of left-
handedness favoring Interoceptive Accuracy.
However, this remains to be investigated
further. The same applies to the second trend-
level effect that could be found regarding a gen-
der effect within right-handed people.

The main aim of our study was to further inves-
tigate on findings provided in previous research
and contribute to a clarification of contradictory
results of the studies on the relationship
between Hemispheric Laterality and interocep-
tive processing that had been done already.
Furthermore, the results implicated interesting
aspects to consider in future research on this

topic, given the example of a significant effect
of testing time on Interoceptive Accuracy.

Limaitations and Outlook

Given that we were unable to find statistical
support for our main hypothesis in this sample,
the question arises to what extent this study is
of scientific relevance. Replications of
Schandry’s original study have shown contra-
dictory results, for instance the influence of
state-anxiety on interoceptive ability (Mont-
gomery & Jones, 1984). Therefore, every at-
tempt to provide further research in the field of
hemispheric dominance and interoceptive abi-
lity is important in order to gain a deeper insight
on the topic.

This study specifically tried to control for many
extraneous variables such as Body Mass Index
or testing time on the relationship between
handedness and Interoceptive Accuracy, which
have also been neglected before.

Moreover, the sample consisted of both female
and male participants, unlike many studies be-
fore, in which only men were recruited.

We made use of the Schandry Heartbeat
Counting Task, which is an established and
economical method to measure interoceptive
ability. Although there has been an accumula-
tion of criticisms on the task recently,
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heretofore there is no alternative method
available which delivers better results. In
Schandry’s original study, analyses were ba-
sed on an allocation of all participants to two
groups of “good perceivers” and “poor percei-
vers” (Schandry, 1981). However, this turned
out to be problematic regarding the comparison
of the task and its results to other Heartbeat De-
tection Tasks (Knoll & Hodapp, 1992). For this
reason and due to our rather small sample size,
the analyses in this study were based on the
Interoceptive Accuracy score scale as a whole,
leading to an avoidance of focusing on extreme
groups.

A post-hoc G*Power analysis revealed that in
order to be able to detect a significant effect (d
= .50, a = .05) with a statistical power of .80, a
total sample size of N = 128 is needed.

In general, our study took place in different lo-
cations and at different times of the day. While
the significant effect of task completion time re-
vealed interesting new implications and
remains to be further investigated, the lack of
standardization of testing in one specific loca-
tion could have been a possible reason for the
lack of significant results, as it has been shown
before that interoceptive tasks are very sensi-
tive to the testing context (Ainley et al., 2020).
In order to achieve a more reliable and stable
Interoceptive Accuracy score, future study de-
signs could include various testing times for
each participant.

It must also be taken into account that this
study took place during the global COVID-19
pandemic, which could have influenced the
participant’s state-anxiety scores, that showed
a rather high correlation to Interoceptive Ac-
curacy scores compared to the relationship
between Interoceptive Accuracy and other
extraneous variables.

In addition, it should also be considered that in-
teroceptive processing is only partly and to va-
rying degrees conscious, the Heartbeat
Counting Task is therefore only able to capture
the self-reported conscious component of in-
teroceptive perception. To perceive all proces-
ses, an EEG-recording providing heartbeat-
evoked potentials would be preferable. While
interoceptive ability is therefore not measured
as a whole with the Schandry task, the advan-
tage of the method being non-invasive

outweighs this factor to a certain degree
(Khalsa et al., 2018).

The use of the Polar Watch RS800CX re-
presents a further methodological challenge, as
it is not possible to check whether participant’s
heartbeats are correctly reported over the
entire recording span or whether artefacts oc-
cur (Ainley et al., 2020). For each participant,
recordings had to be checked thoroughly after
the experiment. This led to the exclusion of
three participants for the Heartbeat Counting
Task analyses in this study. Given the context
of this study being a training in practical rese-
arch, the Polar Watch is the most economical
method to save time and resources, however,
we would suggest using a proper ECG record-
ing in future studies.

As indicated above, more criticism on
Schandry’s Heartbeat Counting Task has ari-
sen frequently. In general, non-interoceptive
processes presumably influence interoceptive
processing (Desmedt et al., 2018). It could for
instance be possible that people use their sub-
jective sense of time as an orientation when
being asked to report their counted heartbeats,
resulting in the Interoceptive Accuracy score
not depending on perceived heartbeats but e-
stimated heartbeats (Knoll & Hodapp, 1992).
This assumption is supported by findings sug-
gesting that higher intelligence, and therefore a
better knowledge on a normal resting heart-
beat, favors better heartbeat estimation ability
(Murphy et al., 2018). Additionally, it has been
shown that people tend to underestimate their
own heartbeat (Ainley et al., 2020).

A last point worth mentioning is that Schandry’s
Heartbeat Counting Task is probably not able
to measure interoceptive ability as an overar-
ching skill, especially regarding the measure-
ment of Interoceptive Sensitivity, as the heart-
beat counting and self-report of confidence in
one’s answer after each trial is not a sufficient
measure of all existing sub-facets of Interocep-
tive Sensitivity (Ring & Brener, 2018).
Nevertheless, if these limitations are consi-
dered, Schandry’s task remains one of the
most reliable measure for Interoceptive Ac-
curacy in experimental studies that exists at the
moment.
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For future research, we also suggest to include
other interoceptive systems into the measure-
ment of interoceptive processing other than the
cardiovascular system, such as the gastroin-
testinal, thermoregulatory or nociceptive sys-
tem among others (Khalsa et al., 2018), as this
would ensure a more complex measurement of
one’s Interoceptive Ability.

Concerning control variables, as the interaction
of interoception with cognition and emotion has
been proven (Garfinkel et al., 2015), it could be
possible that other emotional proceses apart
from anxiety and stress have an impact on in-
teroceptive processing. Therefore, it may be
reasonable to control for more emotional sta-
tes, such as joyful excitement, pleasure or
other emotions that could also explain a state
of heightened physical vigilance.

Regarding the results of this study, we would
also suggest to investigate the influence of tes-
ting time on Interoceptive Accuracy further. Mo-
reover, more studies on a possible gender dif-
ference regarding Interoceptive Accuracy and
Hemispheric Laterality are needed.
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Do hormones matter? The influence of menstrual cycle
phase and hormonal contraception on body image distor-

tion and body (dis)satisfaction in adult women.
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Esayan
Supervisor: M.Sc. Lynn Erpelding

Body image refers to the perception of and thoughts and feelings about the own body. Body image
distortion relates to the misestimation of the own body size (perceptive body image component), while
body dissatisfaction implies negative thoughts and feelings to- wards the body (cognitive-affective
component). Although a key symptom of eating dis- orders, body image disturbance can also be ob-
served in almost all healthy women. Fluc- tuations of sex hormones across the menstrual cycle change
women's body perception, as well as thoughts and feelings towards their bodies. This study seeks to
compare nat- urally cycling women in the perimenstrual phase, naturally cycling women in the inter-
menstrual phase, and women on hormonal birth control regarding their body size esti- mation and
body dissatisfaction. Twenty-two healthy women performed both a metric body size estimation (BSE)
task, as well as a depictive BSE task in VR to estimate their body size. Body dissatisfaction (BID) was
measured with different self-report measures. Regarding the BSE-VR task, naturally cycling in the
intermenstrual phase differed signif- icantly from both naturally cycling in the perimenstrual phase (p
= .001, n2 = .566) and women on hormonal birth control (p = .008, 2 = .566), while no significant
difference between naturally cycling in perimenstrual phase and women on hormonal birth control
could be found. No significant group differences were found in the metric BSE task and body dissatis-
faction scores. Hormone levels, thus, seem to have an influence on BSE, but only on estimation in a
task from an allocentric reference frame (VR-BSE), while no group differences have been found for
the BSE estimation task from an egocentric ref- erence frame (metric BSE task), which has already
been shown in previous studies. Contrary to previous findings, no group differences in body dissatis-
faction could be found. Strengths and limitations of the present study are discussed with a focus on
future re- search

Introduction

“Body image describes the relation be- tween a
human and his thoughts and feelings about his
own body” (APA Dic- tionary of Psychology,
n.d.). Body image has three different compo-
nents. First the perceptive component which is
the de- tection, estimation and identification of
one’s own body size. It is defined as the accu-
racy of the individuals’ judgement of their size,
shape and weight regarding their actual propor-
tions. Second is the affective component, this
mostly involves the feelings that individuals de-
velop towards their bodies’ appearance and the
(dis)satisfaction of one’s body. Lastly, the cog-
nitive component mostly relies on the beliefs re-
garding body shape and appearance and the

mental representation of one’s own body (Gau-
dio & Quattrocchi, 2012).

Body image distortion and body dissat- isfac-
tion (BID) can lead to mental disor- ders, such
as various eating disorders. The most affected
eating disorders are anorexia nervosa (AN) and
bulimia ner- vosa (BN). The key symptoms of
AN are

nourishment restriction and being under-
weight, which causes the body weight to be
lower than the normal BMI limit of greater than
or equal to 18.5 kg/m? (Ad- ministration Sub-
stance Abuse and Men- tal Health Services,
2016; American Psychiatric Association, 2015;
Kring et al., 2019). Most people with this
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disorder show a severe fear of weight gain, and
they seek to lower their body weight, which
leads to further distortion of the perception of
their own body (body im- age disorder). The
main symptoms of BN are eating attacks with
subsequent vomiting, which is also a symptom
of the binge-purging subtype of AN. Affected
people have repeated, frequent eating epi-
sodes in which they consume several thousand
calories in a short period of time. However, they
use counteracting or compensating measures,
such as self-induced vomiting, to prevent
weight gain. Often, their figure and weight
greatly influence their self-worth and self-es-
teem (American Psychiatric As- sociation,
2015).

Surprisingly, body image distortion can be
found in almost all healthy women (Fuentes et
al., 2013). Previous studies have shown that
girls and female ado- lescents and women of all
ages outlined BID. However, other studies also
indi- cate that BID differs in different age
groups. (Frederick et al., 2006) suppose that
20% to 40% of women are dissatis- fied with
their bodies and 10% to 30% of the men. Fur-
ther studies investigating gender differences in
body image also revealed higher levels of BID
among women compared to men (Borchert &
Heinberg, 1996; Purton et al., 2019). Body im-
age misperception (body image distortion) also
differs significantly by gender (Chung et al.,
2019).

The prevalence of AN and BN in women is
overall more known than in men. The general
female to male ratio obtained from clinical pop-
ulation for AN and BN is 10/1 (American Psy-
chiatric Association, 2015). Therefore, eating
disorders and body image distortion seem to be
a fe- male phenomenon. Only body image dis-
satisfaction appears to concern also men, but
probably in a different way than it concerns
women.

Men and women produce the same sex hor-
mones, such as estrogens, proges- terone and
testosterone, but they differ in their blood con-
centration, production system, organs, and the
apparatus (Lau- retta et al., 2018). Females
mainly pro- duce estrogens and progesterone

from their ovaries during their cycle pattern and
also produce a small amount of tes- tosterone,
which is developed by the ovaries and adrenal
glands. In contrast, males produce testos-
terone primarily from their testicles daily. They
also pro- duce a small number of estrogens and
progesterone, also created by the testi- cles
and adrenal glands (Birbaumer & Schmidt,
2010).

The Hypothalamus-Pituitary-Gonadal-  Axis
(HPG axis) is responsible for the generation of
sex hormones, and it con- sists of the Hypothal-
amus, the Pituitary Gland and the Gonadal
Glands. The hy- pothalamus is the highest con-
trol station and secretes the hormone GnRH
(Gon- adotropin-releasing hormone), which
then stimulates the anterior pituitary. As a re-
sponse to the stimulation, the pitui- tary gland
produces LH (luteinizing hor- mone) and FSH
(follicle-stimulating hor- mone). Those two stim-
ulate the hor- mone production in the Gonadal
Glands, which are the ovaries in females and
the testes in males. The female gonads pro-
duce the sex hormones estradiol and proges-
terone, and the male produce testosterone. To
regulate all these activ- ities, the HPG axis uses
a series of feed- back loops to either stimulate
or inhibit the production of GnRH or LH/FSH
de- pending on which phase the body is. Be-
cause of this feedback mechanism, the hor-
mone concentration across the men- strual cy-
cle has a direct influence on the brain, and,
thus, on perception and be- haviour (Birbaumer
& Schmidt, 2010; Hill, 2019).

An average menstrual cycle lasts 28 to 29 days
and can be divided into four phases. The first
menstrual phase, the menstrual phase, starts
on the first day of menstruation and ends with
the end of menstruation. This phase has a du-
ration between three days and one week. Sec-
ond phase, the follicular phase, starts at the
same time as the menstrual phase. During the
first cycle phase, a follicle

matures, resulting in increased estradiol pro-
duction. The third cycle phase is the ovulation
phase and lasts from the 12th day to the 15th
day of the menstrual cy- cle. In this phase, the
fertilized egg is re- leased from the follicle,
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which trans- forms into the corpus luteum and
starts producing progesterone. The last cycle
phase is the luteal phase, which begins on the
16th and ends on the 28" day of the cycle. Dur-
ing this phase, estradiol and progesterone pre-
pare the uterine mucosa for egg implantation.
However, if this does not occur in the third cycle
phase, the mucous membrane closes about 14
days after ovulation (Better Health Channel,
n.d.; Hill, 2019).

The effects of fluctuations of sex hor- mones
during the menstrual cycle on body perception
and satisfaction have been investigated in only
a few studies, and much research is still
needed. Alt- abe & Thompson (1990) tested 60
fe- males aged 17 to 25 on their levels of body
image and eating disturbance dur- ing three
phases of the menstrual cycle. They found that
body image disturbance was higher in the peri-
menstrual phase (in the menstrual and premen-
strual phase compared to the intermenstrual
phase) and that women in this cycle phase also
overestimated their waist size. The study of
Carr-Nangle et al. (1994) showed that BID,
measured by the number of body-related neg-
ative thoughts, was significantly higher during
the perimenstrual phase. Body size per- cep-
tion, however, was stable during the different
menstrual phases. Jappe & Gardner (2009)
found that participants desired a smaller “ideal”
body in all three phases. Body size perception
did not dif- fer significantly over the phases, in
con- trast to BID, which was significantly higher
in the premenstrual and in the menstrual phase
(compared to the inter- menstrual phase).
Teixeira et al. (2013) showed that perceived
body size and BID were at their highest during
the menstrual phase. There were no signifi-
cant differences in ideal body size be- tween
different menstrual phases. Over- all, partici-
pants wished for a smaller size compared to the
perceived size. Krohmer et al. (2019) showed
that at ov- ulation, naturally cycling women (NC

women) felt more attractive in their bod- ies
compared to the late luteal phase. They found
an association between the menstrual phase
and women’s self- rated attractiveness and se-
lective atten- tion when looking at their body
parts. So far, there has not been sufficient re-

search regarding the influence of hormo- nal
contraception on body image. The primary aim
of this study is to analyze whether there is a dif-
ference between healthy NC women in the per-
imenstrual phase, intermenstrual phase, and
women on hormonal birth control (HC women)
in their body size estimation (BSE) tasks and
BID.

Hypothesis

The following hypotheses were pro- posed for
the present study:

1. NC women in the intermenstrual phase
differ significantly from both NC women
in the perimen- strual phase and HC
women re- garding both BSE and BID.

2. No significant differences will be found
between BSE of NC women in the peri-
menstrual phase and HC women.

3. No significant differences will be found
between BID of NC women in the peri-
menstrual phase and HC women.

Methods

This study is part of the larger project BODIL-
LUSION, in which the relationship between car-
dio-visual integration and body image distortion
in healthy women is analyzed. Ethics approval
was ob- tained by the Ethics Review Panel of
the University of Luxembourg on September
24th, 2021 (ERP-20-006). Data were collected
at the Clinical Psychophysiol- ogy Laboratory of
the Université du Lux- embourg (Campus Bel-
val) between September 2021 and May 2022.

Participants

In total, 35 participants came to the laboratory
but several of them had to be excluded based
on incorrect or incomplete information they pro-
vided in the digital questionnaire regarding their
menstrual cycle. Additionally, some partici-
pants who did not report menstrual cycles that
fall into the normal range of 21 to 35 days (Bull
et al., 2019) had to be excluded.
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Therefore, the final study sample consisted of
22 healthy women (13 NC women, 9 HC
women) aged 18-34 (M = 23.36, SD = 3.99).
Eighteen were tested in German and 4 in Eng-
lish. The mean BMIl was 21.89 (SD = 1.65). The
mean duration of the cycle was 28.64 days (SD
= 2.38), and the mean fluctuation of the cycle
was 2.50 days (SD = 1.79). The participants
were divided into three groups, one group of
NC women in their perimenstrual phase (Age:
M=23.60, SD=3.51; BMI: M=21.13, SD=1.80;
Du- ration of cycle: M= 28.80, SD=3.56; Fluctu-
ation of cycle: M=2.80, SD=.83) one group of
NC women in their inter- menstrual phase (Age:
M=24.38, SD=5.66; BMI: M=22.04, SD=1.37;
Du- ration of cycle: M=29.50, SD=2.96; Fluctu-
ation of cycle: M=3.25, SD=2.05) and one
group of HC women (Age: M=22.33, SD=2.63;
BMI: M=22.16, SD=1.84; Duration of cycle: M=
28.00, SD=0; Fluctuation of cycle: M=1.67,
SD=1.73). The following data were col- lected
to determine how participants were divided into
those groups: the last start date of the menstru-
ation and the cycle duration for two menstrual
cycles and the hormonal contraception method.
For the level of the BMI there was no significant
effect, F(2,19) = .666, p =.526, n,° = .065. The
participants didn't differ significantly also in
terms of age (Welch's test revealed F(2,19) =
540, p =.592, n,? = .054), as well as regarding
mean fluctuation of cycle (F(2,19) = 1.890, p
=.178, npy> = .166).

Participants were recruited through online ad-
vertisements as well as through the distribution
of flyers. Volunteers were sent an information
booklet with further information and instructions
concerning study participation and received a
link to the digital questionnaire,

which assessed the in- and exclusion criteria
and trait questionnaires. Participants were re-
cruited through online advertisements as well
as through the distribution of flyers. Volunteers
were sent an information booklet with further in-
formation and instructions concerning study
participation and received a link to the digital
qguestionnaire, which assessed the in- and ex-
clusion criteria and trait questionnaires.

To participate in the study, participants had to
be naturally cycling or on hormonal birth control
and speak German or English. If participants
had a history of eating disorders (e.g., anorexia
nervosa, bulimia nervosa, binge-eating disor-
der) and/or body dysmorphic disorder (BDD), a
history of psychotic disorders, trauma (PTSD),
bipolar disorder, substance use disorder, claus-
trophobia, ADHD or nee- dle phobia, a men-
strual disorder, or chronic physical diseases
(e.g., epilepsy, diabetes, unmedicated
hypo/hyperthy- roidism, cardiac disorder, pace-
maker, uncorrected vision, colour blindness,
...), they were excluded. Participants were also
excluded if they had a current preg- nancy, cur-
rent mental disorder or were currently breast-
feeding, if their biological sex was male or if
their gender was male or other.

If an exclusion criterion was met, partic- ipants
of the digital questionnaire were informed that
they were not eligible for study participation in
the experimental study, thus protecting them
from unnec- essary efforts.

To assure that the participants did not have any
history of or current eating dis- order diagnosis,
the sections for BDD and eating disorders of
the Structured Clinical Interview for DSM-IV
(SCID-IV, First & Gibbon, 2004) were imple-
mented at the beginning of the laboratory ses-
sion.

Participants did not eat and only drank still wa-
ter for the 2 hours before the la- boratory testing
session to ensure that they presented with an
equal satiation status.

Materials

METRIC BSE TASK. A metric BSE task was im-
plemented as described in a study conducted
by Keizer et al. (2016). Participants estimated
the circumfer- ence of their shoulders, abdo-
men, and hips using a piece of string that was
placed on the desk so that it would fit ex- actly
around the respective body part (e.g., “Please
place a piece of string on the table so that the
string would fit ex- actly around your BODY
PART. Please cut the string exactly where it
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closes the circle”). The width of the shoulders,
ab- domen and hips was estimated by plac- ing
two magnetic arrows on a magnetic board rep-
resenting the left and right sides of the body
(e.g., “Please place these two magnets on the
board so that your BODY PART fits exactly be-
tween the arrows. Your size estimation should
represent how you experience your body size”).
The order of body parts (shoulders, abdomen,
hips) and type of estimation (width, circumfer-
ence) was counterbalanced across participants
with a balanced Latin square design. The per-
centage of misestimation (i.e., either over-or
underestimation) for each body part of interest
was calculated with the following formula:

Body Perception Index (BPI)

(estimated size — actual size)
= x 100

actual size

DEPICTIVE BSE TASK. Additionally, a de- pic-
tive BSE task in virtual reality (BSE VR)
(method of adjustment) was imple- mented. For
this, a 3D body scan of the participants was
taken in the Vitronic VI- TUS 3D body scanner.
The 3D body scanner works by laser triangula-
tion, which means it projects a light onto the
person, and the distance between the sensors
and the person is measured. Additionally, a
camera captures the per- son's colour infor-
mation so that a col- oured 3D figure can be
created. The la- ser is entirely harmless to par-
ticipants' health, making this a non-invasive
pro- cedure. The participants were scanned in
A-pose while wearing standardised white leg-
gings and a white sports bra provided by the
researcher.

Figure 1 Creating a 3D image in stand-
ardised clothing.

The 3D body scan of the participants was then
imported into a VR environ- ment. The VR en-
vironment was pro- grammed in Unity3D
(www.unity3d.com). The VR scene consisted of
an empty, dark room with a full-length mirror.
The HTC Vive Pro Eye virtual reality system
was used in this study. In VR, partici- pants
could see their 3D body scan in the mirror from
their feet to their shoul- ders, leaving out the
face so that partici- pants were not distracted
by looking at their faces. In a first step, partici-
pants could see their 3D body scan in VR for a
duration of 90 seconds in order to get ac-
quainted with the new environment. Af- ter this,
participants filled out a short questionnaire out-
side the VR, indicating how positive or negative
they experi- enced the 3D body and their
arousal level. Following this, the participants
proceeded with the BSE task in VR. In this task,
participants’ distorted 3D body scan was repre-
sented in a grey texture. It was shown that BSE
tasks in VR pre- sented in a grey texture are
more neutral and thus, participants are less in-
flu- enced by colour and shadows when es- ti-
mating their 3D-Scan (Thaler et al., 2019). The
3D body scan was presented four times in total,
twice with a distortion of -20%, and twice with a
distortion of +20% of participants’ real body
size, pre- sented in random order. Participants
had to adjust the distorted body with the VR
trackers to their perceived body size.
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There was no time-limit for participants to work
on their BSE. The perceived body size is indi-
cated by the mean per- centage of misestima-
tion across all four trials (to cancel out order ef-
fects) rang- ing from -0.8 to 0.8. A percentage
of mis- estimation of 0 refers to an accurate
body perception.

EATING DISORDER INVENTORY II (EDI- II)
(Segura-Garcia et al., 2015). The EDI-Il was
used as a trait measure of eating disorder
symptomatology. The questionnaire consists of
8 subscales, but for the current study only three
of them were implemented:

1. Drive for thinness (From test manual:
~otrong desire to be thinner, or fear of
being fat‘. The items on this subscale
concern intense preoccupa- tion with di-
eting, mental fixa- tion on weight and
fear of gaining weight).

2. Bulimia (,A tendency to be preoccupied
with binge-eat- ing on a mental as well
as on an action level. “)

3. BID (This subscale measures a general
BID and the dissat- isfaction with partic-
ular body sites which are of the great-
est importance for people with eating
disorders (waist, hips, thighs). Although
BID is very common among young
women in Western industrial- ized
countries, in its extreme form it is a cen-
tral issue for patients with anorexia and
bulimia.)

Self-Assessment Manikin Scale (SAM- Rating
Scale) (Bradley & Lang, 1994). The scale
consists of different subscales.

1. Valence. The first subscale measures
how positive or nega- tive one feels
when seeing the body in 3D. The items
of this scale consist of figures with dis-
satisfied to satisfied faces scaled from 1
to 9 (1 = very positive, 9 = very nega-
tive)

2. Arousal. The second subscale as-
sesses how intensely partici- pants feel
their arousal when looking at the 3D
scan. This scale also consists of the

num- bers from 1 to 9 (1 being really in-
tense and 9 not intense).

STATE BODY SATISFACTION. To measure state
body satisfaction after looking at the 3D body,
three questions were de- veloped by the re-
searchers:

1. How satisfied are you with your body
shape right now? The scale of the ques-
tion is the percentage from 0 to 100 in
steps of 10% (0% = “not at all’, 100% =
“‘completely”.

2. How satisfied are you with your weight
right now? The scale ranges from 0 to
100 as in question 1, also, here, 0% is
being considered as “not at all’ and
100% is considered as “completely’.

3. How is your body feeling right now?

The scale ranges from 0 to 100 as in
question 1, but with very thin and very
thick: 0% is being considered “very thin”
and 100% “very thick”

Procedure of the laboratory session

In the laboratory, participants had to fill out the
informed consent form first. Fol- lowing this, the
researcher proceeded with the SCID-interview,
as well as some questions on hormonal status:
They were asked to indicate their last day of
menstruation and the duration of their cycle.
Then, participants changed into the standard-
ized clothing and the 3D body scan was taken
(described above). While one researcher ap-
plied the elec- trodes for psychophysiological
testing (i.e., ECG, EEG), the second re-
searcher uploaded the 3D body scan into VR
and adjusted the virtual room in a way that par-
ticipants could not see their head in the virtual
mirror. After everything was prepared, partici-
pants started with the free viewing of their non-
distorted body scan in VR. Next, participants
filled out the SAM-ratings. Thereafter, partici-
pants were asked to do the depictive BSE task
in VR, followed by the metric BSE. Finally, they
had to answer the State Body Satisfaction
questions, fol- lowed by additional tasks that
were done in the scope of the larger project
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before the session was finished. The re-
searcher made sure that the participant was
fine, and participants received reim- bursement
of 40€ Sodexo gift vouchers for their participa-
tion.

Results

To investigate reliability and internal con-
sistency of the different EDI-Il scales,
Cronbach’s alpha was conducted. The drive for
thinness subscale consisted of 7 items (a=.645,
for the English version 0=.863, for the German
version a=.612), the bulimia subscale con-
sisted of 7 items (a=.588, for the English ver-
sion a=.519, for the German version 0=.601)
and the BID subscale consisted of 9 items
(a=.699, for the English version a=.800, for the
German version a=.697). This shows that all of
the 3 sub- scales have a low reliability. Further-
more, Cronbach’s alpha was also con- ducted
for the SAM-Rating scale. The subscale va-
lence consisted of 2 items (a=.800, for English
version a=.000, for the German version
0=.830). The sub- scale arousal consisted of 2
items (a=.754, for English version .640, for Ger-
man version a=.831). These results show that
the subscale valence has a good reliability, and
the subscale arousal has an acceptable relia-
bility. The descriptive statistics of the whole
sample and for the different groups for BPI can
be found in figure 1.

The descriptive statistics of the whole sample
and for the different groups for BID, SAM-Rat-
ing scores, EDI-Il scores can be found in table
1, 2 and 3. The re- sults of the BPI show that
overall, women overestimate the width of their
body as well as the circumference of their body.
It is interesting that NC women in the in-
termenstrual phase overestimated their body
size more than NC women in peri- menstrual
phase (same as in the VR- BSE), although in
this task women in the perimenstrual phase
overestimate and in VR they underestimate.

HC women are the most accurate out of the
three groups regarding width estima- tion, but
the least accurate in circumfer- ence estima-
tion.

Mean BPI of the whole sample and the different groups

L

alil

Figure 1 Mean and standard deviation of BPI of the
whole sample and the different groups

Table 1: Descriptive statistics of the BID of the
whole sample and the different groups in per-
centage (%)

Satisfaction Satisfaction How thin/thick
with body with body does the body
shape weight feel?
M SD M SD M SD
in % in % in %
w 74.5 17.9 81.8 17.0 57.2 10.3
S 5 2 2 8 7 2
PM 68 19.2 86 19.4 58 8.37
4 9
IM 70 21.2 75 21.3 60 10.6
8 8 9
HC 822 12.0 85.5 10.1 54.4 11.3
2 2 6 4 4 0

WS= whole sample, PM= Perimenstrual, IM= Intermen-
strual, HC= Hormonal contraception
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Table 2: Descriptive Statistics of the SAM-Rat-
ing scores for the whole sam- ple and the dif-
ferent groups

Grou 3D Va- 3D Inten- Moodva- Mood in-

ps lence sity lence tensity
M S M S M S M S
D D D D

WS 2. 1. 5. 1. 2. 2. 5. 1.
56 13 00 80 14 18 50 97
PM 2. 1. 5. 2. 2. 2. 5. 1.
80 48 00 12 80 05 20 92
M 2. 1. 5. 2. 2. .8 6. 2.
88 46 00 20 13 4 00 27
HC 2. 1. 5. 1. 1. 1. 5. 1.
11 05 00 41 78 09 22 89

WS= whole sample, PM= Perimenstrual, IM= Intermen-
strual, HC= Hormonal contraception

Table 3: Descriptive statistics of the EDI- Il
scores of the whole sample and the dif- ferent
groups

Drive for thin-  Bulimia BID
ness
M SD M SD M SD

WS 1145 326 855 175 2159 581

PM 13.80 342 9.00 255 29.80 3.83
M 2200 374 813 113 26.75 4.53
HC 10.33 1.87 867 1.87 20.00 4.33

WS= whole sample, PM= Perimenstrual, IM= Intermen-
strual, HC= Hormonal contraception

Table 4: Mean percentage of BSE VR of the
sample and the different groups _

Min % SD
Whole Sam- 99.46 6.18
ple
Perimenstrual  93.55 4.87
Intermen- 105.08 4.63
strual
HC 97.73 3.59

The results in table 4 show that women in their
intermenstrual phase overesti- mate their body
size by 5.08%, while women in the perimen-
strual phase and women on hormonal contra-
ception un- derestimate their body size by
6.45%, and 2.27% respectively.

The correlation coefficient in table 6 in- dicated
an understandable trend: the more dissatisfied
participants were with their own body, the more
negative they experienced their body. No sig-
nificant correlations were found between the re-
sults of SAM Arousal and EDI-Drive for thin-
ness, EDI-BID and BID mean. No significant
correlations were found be- tween the results of
the BSE task in VR and the metric BSE task.

In order to test the hypotheses and to in- vesti-
gate possible group differences, an ANOVA
with one between-subjects fac- tor (hormonal
status: NC perimenstrual, NC intermenstrual,
HC) was applied. It enabled to identify whether
there is a significant difference between means
of the considered groups. To find out where
specific differences lie, a post hoc test
(Scheffe’s test) was used. To re- duce the in-
flated probability of finding a significant result
by conducting multiple tests, Bonferroni correc-
tion was applied (by a = .05 for 3 tests, cor-
rected a-level would be .0167).

Figure 2 shows that the main effect of BID (calcu-
lated as an average index sat- isfaction with 3 con-
sidered aspects: body shape, body weight, and gen-
eral body perception at the moment) was not
significant.

90

F(2,19)=.838p =.448, n,* = .081

80

60

Body (dis)satisfaction in percentage

40

30
[ Perimenstrual [l Intermenstrual Hormonal contraception

Figure 2 Mean percentage of BID and main effect of NC
women in the perimenstrual phase, NC women in their
intermenstrual phase and HC women
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The correlation coefficient in table 5 in- dicated
an understandable trend: the more dissatisfied
participants were with their own body, the more
negative they experienced their body. No sig-
nificant correlations were found between the re-
sults of SAM Arousal and EDI-Drive for thin-
ness, EDI-BID and BID mean. No significant
correlations were found be- tween the results of
the BSE task in VR and the metric BSE task.
However, BSE VR and BPI circumference of
shoulder correlated significantly (c.f. table 7).

In order to test the hypotheses and to in- vesti-
gate possible group differences, an ANOVA
with one between-subjects fac- tor (hormonal
status: NC perimenstrual, NC intermenstrual,
HC) was applied. It enabled to identify whether
there is a significant difference between means
of the considered groups. To find out where
specific differences lie, a post hoc test
(Scheffe’s test) was used. To re- duce the in-
flated probability of finding a significant result
by conducting multiple tests, Bonferroni correc-
tion was applied (by a = .05 for 3 tests, cor-
rected a-level would be .0167).

Table 5: Correlations between EDI-Il Drive for
thinness, BID, BID mean, Sam Mean Valence
and BPI-Circumference of shoulder

EDI - EDI - SAM - BPI- Cir-
Drive for BID Mean cumfer-
thinness Valence ence of
shoulder

r r r r

EDI - 1 .681**  521* 437*

Drive

for thin-

ness

EDI - .681* 1 .643** .083

BID

BID -.740** .826**  -572** -.286

Mean

** Correlation is significant at the .01 level
* Correlation is significant at the .05 level

Table 6: Correlations between Mean BSE VR,
SAM-Valence, BPI width of shoulder, waist and
hips and BPI cir- cumference of shoulder, waist
and hips

Mean  SAM - BPI - BPL Ci-

BSE Mean Width of cumfer-
VR Va- shoulder ence of
lence waist

r r r r

BPI -.309 .189 .453* .040

Width of

Waist

BPI .102 .054 .538** 377

Width of

Hips

BPI- Cir- -.424* .462* .200 322

cumfer-

ence of

shoulder

BPI-Cir- .030 .255 .136 .633*

cumfer-

ence of

hips

** Correlation is significant at the .01 level
* Correlation is significant at the .05 level

Figure 3 indicates that the effect of BSE in VR
was significant overall. The post hoc test
(Scheffe) revealed that there was a significant
difference between the mean BSE_VR scores
of participants (NC women) in the intermen-
strual phase versus NC women in the perimen-
strual phase or HC women. More specifically,
the mean BSE_VR score of NC women in the
intermenstrual phase (M = 105.08, S = 4.63)
was significantly greater than the mean score
for NC women in the perimenstrual phase (M =
93.55, SD = 4.87, p = .001) or users of hormo-
nal con- traception (M = 97.73, SD = 3.59, p
=.008). However, there was no signifi- cant dif-
ference between the mean BSE_VR scores of
participants on hor- monal contraception and
NC women in the perimenstrual phase (p
=.241).

120

100

Estimation in percentage

90

80

M Intermenstrual B Perimenstrual Hormonal Contraception

Figure 3 Mean scores of BSE VR and significant levels
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of NC women in the intermenstrual, NC women in the
perimenstrual phase and HC women

The metric BSE task didn't reveal any signifi-
cant main effect (BPI_circumfer- ence: F(2,19)

1.075, p =.361, n,? = .102; BPI_width: F(2,19)
.185, p =.832, n,2=.019).

The main effect of SAM-Ratings was not signif-
icant  overall, too, (Mean Valence:
F(2,19)=.957, p=.402, n,>=.091; Mean Arousal:
F(2,19)=.119, p=.888, n,>=.012. No significant
main effect could be found regarding EDI-II
(Drive for thinness: F(2,19) = 3.109, p =.068,
ne’= .247; bulimia: F(2,19) = .390, p =.683, n,’
= .039; BID, F(2,19) = 1.954, p =.169, np2 =
A71).

Discussion

This study sought to investigate whether there
are differences in body image dis- tortion and
BID between NC women in different cycle
phases and HC women. Significant differences
in BSE were found between the different
groups, however, only in one of the BSE tasks
(BSE-VR), and no differences in BID. Hypothe-
sis 1 can, thus, be partly con- firmed. Hypothe-
sis 2 can be fully con- firmed, since no group
differences could be observed between NC
women in the perimenstrual phase and HC
women. Hypothesis 3 can also be fully con-
firmed. These results show that hormone levels
seem not to have an influence on BID, but they
seem to have an influence on BSE, but only on
estimation from an al- locentric reference
frame, while no group differences have been
found for the BSE task from an egocentric re-
fer- ence frame. Almost all the previous studies
found group differences in BID between differ-
ent cycle phases (Altabe

& Thompson, 1990; Carr-Nangle et al., 1994;
Jappe & Gardner, 2009; Teixeira et al., 2013).
Krohmer et al. (2019), how- ever, found no sig-
nificant differences in the gaze pattern for the
attractive body parts at ovulation and late luteal
phase, which is in line with the findings of the
present study that BID didn’t differ signif- icantly

between the different cycle phases. Neverthe-
less, they did find sig- nificant differences in the
gaze pattern for the unattractive body parts and
sig- nificant differences in the self-perceived at-
tractiveness. They explained this devi- ation of
the findings on attractive body parts compared
to unattractive body parts and self-reported at-
tractiveness with the assumption “that a bal-
anced gaze distribution toward one’s own body
reflects body satisfaction on a behav- ioral
level” (Krohmer et al., 2019), which, unfortu-
nately, does not explain the re- sults of the pre-
sent study because it does not support the pre-
sent findings that there were no significant
differences in the self-reported BID (it is only a
pos- sible explanation for how the gaze pat-
terns fit in with the differences in body satisfac-
tion). However, a possible expla- nation could
be that the questions as- sessing BID in this
study were created by the researchers without
previous psy- chometric validation.

The findings of the present study, that there
were only small or not significant differences re-
garding State Body Satis- faction and the SAM
scores, are, thus, a little surprising. The State
Body Satisfac- tion questions were shown to
partici- pants after the free viewing task and the
BSE-VR task, so one could suggest that seeing
one’s own body in VR might have a positive im-
pact on body satisfaction. Mirror exposure is a
common therapeu- tic intervention to target BID
in women with eating disorders (Griffen et al.,
2018), so seeing the 3D scan in VR might have
an interventional character already.

Surprisingly, the findings showed that NC
women in the perimenstrual phase and HC
women underestimated their body, whereas
NC women in the inter- menstrual phase over-
estimated their body.

Interestingly, both BSE tasks showed different
results regarding body image distortion: while
participants showed an important overestima-
tion for all body parts and all types of estimation
(width, circumference) in the metric BSE, par-
tic- ipants were, in general, quite accurate in
the VR-BSE with a small underestima- tion. Ac-
cordingly, there were no signifi- cant correla-
tions between the results of the BSE task in VR
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and the metric BSE task. This means that these
two tasks probably do not measure the same
phe- nomenon, which could be shown in pre-
vious studies, and meta-analyses (e.g., Molbert
et al., 2017) with the type of es- timation
method (metric vs. depictive task) being an im-
portant factor. The dif- ferent tasks might in-
volve different pro- cessing steps (explicit vs.
implicit; allo- centric vs. egocentric) and there-
fore do not measure the same subject. BSE
might depend on the reference frame of the
participant (Monthuy-Blanc et al., 2020)

According to the expectation, the inter- men-
strual group differed from the peri- menstrual
and hormonal birth control group in the BSE
task in VR because the perimenstrual group
and hormonal birth control group probably
showed similar hormone levels, compared to
intermen- strual group, which was the only
group with high estrogen. It makes sense that
the hormonal contraception group is the “most
accurate” because the HC women experience
a stable hormonal profile all the time, and thus,
should have a “stable” BSE. Nevertheless, it is
surprising that the intermenstrual group overes-
timated their body in the VR_BSE task, while
the two other groups showed an underesti-
mation. Research has shown that women in the
follicular/intermenstrual phase feel more attrac-
tive (Krohmer et al., 2019) and attractiveness is
related to skinnier body sizes/ smaller BMI
(Cross- ley et al., 2012). However, it is possible
that women in the intermenstrual phase over-
estimate their body in the BSE task in VR, be-
cause the vision of their body changes across
the menstrual cycle, which might explain why
there was are a significant groups differences
in the BSE task in VR (visual, “depictive”, allo-
cen-

tric), but not the metric BSE task, as vis- ual
measurements are dynamic and can naturally
fluctuate between one meas- urement and an-
other (de Figueiredo et al., 2021).

In contrast to the BSE task in VR, no group dif-
ferences could be found in the metric BSE task,
which might be the case because of the large
variance in scores, which makes it more difficult
to find significant group differences.

Strength and Limitations

A strength of this study was to use two different
BSE tasks, one metric and one VR. By using
these two BSE tasks,, it was possible to directly
compare the al- locentric view on the own body
and the egocentric view.

Another strength was to use multiple body sat-
isfaction measures. With this method, it can be
better ensured that the results don’t depend on
the measures. When using more than one
measure, the risk of response bias can proba-
bly be reduced.

The current study had several limitations. The
first one being, that the sample size was rather
small, resulting in a weak sta- tistical power to
perform the analyses: The sample size should
have been of N=68 to have a statistical power
of 0.2 and a medium effect size (=0.25). Fur-
ther, participants only came to the labor- atory
once; therefore, only transversal comparisons
and not longitudinal com- parisons could be
made. Lastly, partici- pants were divided into
groups based on their reported menstruation
dates and cycle durations. Since no hormonal
test- ing was implemented, this group for-
mation could be biased and inaccurate. Future
studies should consider letting women come to
the laboratory more than once, so it would be
possible to make longitudinal comparisons (re-
peated measures design) and include ovulation
tests to determine menstrual cycle phases. Fur-
thermore, the hormo- nal contraception group
should be re- stricted to one hormonal contra-
ception method (e.g., combination pill). It would
also be of interest to include more con-

trol variables regarding emotions and af- fect
during the laboratory session to ac- count for
mood differences. Finally, fu- ture studies
should consider comparing visual body pro-
cessing (with EEG: event related potentials,
N170) in both refer- ence frames and analyse
the influence of menstrual cycle phase on the
latter. Finally, when looking at the results, re-
searchers discovered that a relatively large
number of women lack body liter- acy regarding
their menstrual cycle. Quite a few of them didn’t
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know their cy- cle lengths, or did confuse it with
the du- ration of their menses. Even some
women who were on hormonal birth con- trol
(e.g., birth control pills) weren’t in- formed
about what their cycle length is. In the future, it
would be necessary to better educate women
and young girls about the menstrual cycle, p. e.
in school programs.

To sum up, there are not many studies investi-
gating the female cycle and its in- fluence on
women’s well-being and sat- isfaction with their
bodies. The few ones that exist are already rel-
atively old and lack a comprehensive research
design. The present study sought to investigate
whether the menstrual cycle, as well as hormo-
nal contraception, have an influ- ence on body
image distortion and BID in healthy women.
While finding some interesting results, the evi-
dence remains inconclusive and more detailed
research is needed to unravel the effects of
hor- monal status on body image. Further re-
search in this domain is of great im- portance
because the menstrual cycle and body image
disturbance concerns no less than half of the
world’s population.
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This paper analyzes the influence of language and emotions on cognition and more pre-
cisely whether there is a difference between the use of the mother tongue or a second
language during an emotion-eliciting (frustrating) situation in a subsequent cognitive per-
formance (memory) of children aged between 6 to 12 years old. Given that past research
demonstrated that having to regulate emotions can restrict resources for accomplishing
other concurrent cognitive tasks (Richards & Gross, 2000; Wentzel & Miele, 2016) and
as multilingual people show less emotional reactivity by distancing themselves when
their non-dominant language is being used (Lindquist et al., 2013), we expected that
children would have worse cognitive performance if their mother tongue is used. The
sample (N = 24) was composed of two equal-sized groups. One group consisted of par-
ticipants having German as their mother tongue (L1 group) while the other group in-
cluded individuals speaking German as a second language (L2 group). In order to elicit
an emotional state, namely frustration in the children, we made use of a disappointment
paradigm (adapted from Cole et al., 1994; Saarni, 1984) which was followed up with a
memory task to evaluate their cognitive performance and an interview in German regar-
ding their emotion regulation. Results show that participants of the L2 group had a higher
emotional reactivity than the L1 group after receiving their least preferred item. In addi-
tion, participants in the L1 group had significantly higher 1Q scores. Language proficiency
(either first or second language) and emotionality during the memory task had, however
in contradiction to our hypothesis, no significant impact on cognitive performance. More-
over, the results demonstrated that IQ was the best predictor for the memory task score.

2% of students speak German as their

1. Introduction

More than half of the population in Eu-
rope is at least bilingual (Grosjean,
2021). Especially countries like Luxem-
bourg, Switzerland and the Netherlands
are characterised by their bilingualism
and/or multilingualism. In particular in
the Luxembourgish education system,
one can be confronted with subjects in
many languages. Luxembourgish is the
main language of instruction in the first
cycle of primary school. However, the
percentage of students speaking Lu-
xembourgish as their mother tongue
counts only 35% (MENJE, 2019, as ci-
ted in Ugen et al., 2021). The main other
languages spoken at home by pupils in
Luxembourg are “Portuguese (23%),
French (8%), and South Slavic langu-
ages (4%)” (Martini et al., 2021). Moreo-
ver, as the literacy instructions in Lu-
xembourg's primary school system
continue to be in German, but only circa

main language at home, this can have
an impact on the pupils’ performance in
school subjects (MENJE, 2019, as cited
in Ugen et al., 2021).

Language and cognition

Previous research has shown that in Lu-
xembourg, children speaking Luxem-
bourgish at home and for whom the main
instruction language is German show a
better performance in main school sub-
jects such as maths and German Rea-
ding Comprehension (Martini et al.,
2021). This phenomenon is also descri-
bed by Hoffman et al. (2018), because
students speaking Luxembourgish or
German as first language display more
stable and positive developmental pro-
gression in reading competences.

Given the strong migrant landscape of
Luxembourg, it is important to under-
stand the potential factors which might
influence cognitive performance,
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especially children’s learning and
academic achievement. In fact, there is
a close relationship between language
and cognition and therefore thoughts are
influenced by language as well
(Boroditsky et al., 2003).

Bilingual people show better cognitive
performance by using executive functio-
ning and executive control, for instance
inhibition, for tasks unrelated to langu-
age acquisition (Baumgart & Billick,
2018). However, it has to be noted that
some of the effects found in the “bilin-
gual advantage” studies are mostly due
to the participants’ socio-economic sta-
tus (SES). Morton and Harper (2007)
suggest that controlling for differences in
ethnicity and SES can attenuate the bi-
lingual advantage in cognitive control as
bilingual and monolingual children per-
formed the same in their study when the
socio-economic status was identical for
both language groups. Furthermore,
when the socio-economic status was not
alike, then children coming from higher
SES families had an advantage over
children from lower SES families, which
supports this statement.

Emotion and cognition

The same way as language, emotions
also are an important factor in terms of
performance in school settings. “Emoti-
ons are functionally important for stu-
dents’ motivation, academic success
and personality development” (Wentzel
& Miele, 2016).

Research has demonstrated that emoti-
ons have an impact on cognitive perfor-
mance. Emotional responses to affec-
tive stimuli for example can lead to poor
performance in goal-directed tasks. In
particular, emotional distractors, be it
negative or positive stimuli, can disrupt
goal-directed processing (Blair et al.,
2007). Moreover, emotional states con-
sume cognitive resources and therefore
reduce cognitive performance. In other
words, focusing attention on emotions
leads to restricted availability of re-
sources for concentrating on the task at
hand (Ellis & Ashbrook, 1988; Meinhardt
& Pekrun, 2003, as cited in Wentzel &
Miele, 2016). As mental resources are

necessary for self-regulating emotions,
performance could as a result be im-
paired because attention is a limited re-
source. Taking memory as an example
for the effects emotions can have on
cognitive performance, research has
shown that antecedent-focused and
response-focused regulation strategies
each have different impacts on cognitive
processes. Expressive suppression, a
response-focused strategy, for instance,
leads to poorer memory for emotional
events while reappraisal, an antecedent-
focused strategy, does not influence me-
mory performance as the situation’s
emotional reality is changed beforehand
and thus no further cognitive work is ne-
cessary (Richards & Gross, 2000).
These results demonstrate that stu-
dents’ emotions and their down-regula-
tion could have an impact on remem-
bering what they are taught in school.
For instance, reacting to a negative
emotion such as frustration with disrup-
tive, interfering responses was postula-
ted to reduce the quality of performance
on activities following frustration (Child &
Waterhouse, 1953). Fox and Spector
(1999) supported the assumption that
organisational frustrating events are
associated with counterproductive emo-
tion and behavioural responses resulting
from affective responses to frustration.
As this was only analysed in the occupa-
tional setting or in university students, it
would be interesting to see if the same
impact of frustration on cognitive perfor-
mance persists when exploring the
effect in primary school children.

Language and emotion

Regarding the relation between langu-
age and emotion there is great contro-
versy as there are two main opposite as-
sumptions. On the one hand there is the
modular point of view believing that lan-
guage and emotions are two indepen-
dent constructs as, according to suppor-
ters of this theory like Chomsky or Jerry
Fodor, the mind is composed of innate
neural structures or mental modules
which have distinct functions (Gren-
kowski, 2012).
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On the other hand, psychological
constructivism states that these proces-
ses are connected, and that the spoken
language can influence the emotional
reactions in a given situation. According
to Caldwell-Harris (2014) our intense
emotions are often expressed in our na-
tive language. In most cases we have a
stronger connection to our mother
tongue than to a second language. As
described in the article of Lindquist et al.
(2015), multilingual people can implicitly
regulate their emotions by distancing
themselves when someone speaks their
non-dominant language and therefore
show less emotional reactivity. A study
by Keysar et al. (2012) suggests that
thinking in a different language than your
mother tongue may reduce decision bia-
ses which would support the thesis that
speaking a foreign language provides a
greater emotional and cognitive distance
than a native tongue.

Moreover, Bond and Lai (1986) revealed
that it is for instance easier to speak
about embarrassing topics such as em-
barrassing personal events in a second
language than in our mother tongue.

On the other hand, previous research
found that bilinguals recalled more emo-
tional meaning words than neutral me-
aning words in their mother tongue
(Aycicegi & Harris, 2004). The same
effect was observed when using their
second language, meaning that regar-
dless of the language used, people re-
called more emotional meaning words
than neutral ones. These results sug-
gest that emotion words, in particular
taboo words, could have an advantage
on memory performance in both langu-
ages, especially in regard of recall and
recognition because such words contain
important emotional associations. These
findings show that emotions could lead
to better cognitive performance concern-
ing memory regardless of people using
their mother tongue or a second langu-
age.

Most previous research focuses either
on the interaction between emotions and
cognitive performance or between emo-
tions and language. There is however
currently a lack of research combining

all these factors (i.e., emotion, language
and cognitive performance). Hence, the
aim of this project is to understand the
influence that emotions, multilingualism
and the use of language in dealing with
emotions can have on children's cogni-
tion. As we previously described Ger-
man is the main instruction language in
primary schools in Luxembourg and only
the minority of students possess it as
their mother tongue. For this reason, our
research project could be very interes-
ting for the school system in Luxem-
bourg, because it would shed light on
the question how language proficiency
influences cognitive performance in an
emotion-eliciting situation and as a re-
sult the performance of children in
school subjects.

In line with this objective, the following
research question was established: “Is
there a difference between the use of
the mother tongue or a second language
during an emotion-eliciting (frustrating)
situation in the subsequent cognitive
performance (memory) of primary
school-aged children?” As previously
described, research has shown that
there is a connection between language
and thought (Boroditsky et al., 2003).
Moreover, research has demonstrated
that both positive and negative emotio-
nal distractors can lead to poor cognitive
performance in certain goal-directed
tasks (Blair et al., 2007). Emotion regu-
lation consumes cognitive resources
and therefore leads to the restricted
availability of resources for other tasks
(Ellis & Ashbrook, 1988; Meinhardt &
Pekrun, 2003).

As in other previously described rese-
arch (Caldwell-Harris, 2014; Lindquist et
al.,, 2015; Keysar et al., 2012; Bond &
Lai, 1986) we hypothesise that children
will have a worse cognitive performance
if they use their mother tongue during an
emotion eliciting situation than if they
use a second language as they can dis-
tance themselves from the situation if
they are using their non-dominant langu-
age.

2. Methods
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The most important inclusion criteria in
order to participate in our study was lan-
guage proficiency in German. For this
reason, we worked with two groups con-
taining an equal number of 12 partici-
pants each; one group consisted of par-
ticipants that have German as their
mother tongue and the second group
has been learning German as their se-
cond language. The participants that
learned German as a second language
needed to be fluent enough to under-
stand and speak basic German in order
to participate. To be able to communi-
cate properly outside of the procedures,
the mother tongue of the participant was
also spoken by the respective resear-
cher in charge of their assessment and
testing. In this case, the languages were
as follows: French, English, Luxembour-
gish and ltalian.

2.1 Participants

The sample consisted of 24 participants
in total and counted 58,3% boys and
41,7% girls. The mean overall age was
9 (SD = 2.03) with an age range from 6
to 12. There were 6 girls and 6 boys in
the L1 group (participants having Ger-
man as a first language) and 4 girls and
8 boys in the L2 group (German as a se-
cond language). With 33,3 % of the
overall participants, thus 66.6% of the
participants in the L2 group of our study
having indicated Luxembourgish as their
mother tongue, this language dominated
in the L2 group.

In addition, another important inclusion
criterion was the need for an 1Q that did
not lie in the below average range for the
age of the participant, because the study
included an assessment of their cogni-
tive performance. This was controlled for
by the researchers having a conversa-
tion with the parents about their child
and in some cases also by talking to the
children beforehand. If the parents did
not mention any abnormalities or the
child was able to hold a proper conver-
sation, they were deemed suitable for
this study. Furthermore, it was required
to have normal or corrected-to-normal

hearing and vision, as the different pro-
cedures required the participants to see,
as well as hear the instructions to the dif-
ferent exercises and questions. Moreo-
ver, participants who had an official di-
agnosis of a disorder such as, for
example, anxiety, depression, autism,
ADHD, or dyslexia were excluded from
the sample.

2.2 Materials

Demographic information was assessed
via a self-report questionnaire and in-
cluded age, nationality, household in-
come and education of the parents. Ad-
ditionally, the participants' date of birth,
gender and their substance intake right
before the study (e.g., caffeine,
chocolate, medicaments) were listed by
the parents. This demographic informa-
tion can however be considered as in-
complete, as the children’s year of
school attendance is missing for most of
the participants.

In order to assess children’s habitual
emotion regulation, the parent form of
the Emotion Regulation and Social Skills
Questionnaire (ERSSQ-P, Butterworth
et al., 2014) was filled out by the parents
with a rating scale designed specifically
to assess the social skills of young pe-
ople with Autism Spectrum Disorder
(ASD). It has a total of 27 items, which
include statements such as the following
examples: “Is aware of other people’s
thoughts and feelings.”, or “Recognizes
when other people are being sarcastic or
teasing”. It uses a 5-point Likert scale
ranging from 0 (never) to 4 (always), so
the possible total score ranges from 0 to
104. As for the interpretation of the
score, the higher the score, the higher
the child’s competence in specific emo-
tion recognition, emotion regulation and
social skills. The ERSSQ-P has high in-
ternal consistency (a = .90). Pearson
correlations for concurrent and criterion
validity are significant for parent and tea-
cher forms. Specifically, the ERSSQ-P
exhibited a strong positive association (r
= .86, p < .001, n = 61) (Butterworth et
al., 2014).
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Regarding the severity of the children’s
autistic levels, the second edition of the
Social Responsiveness Scale (SRS-2,
Constantino, 2012) was used. It has 65
items such as the following two examp-
les: “Expressions on his or her face don’t
match what he or she is saying”, or “Is
able to communicate his or her feelings
to others” and the child can be rated by
teachers and parents. The SRS-2 gene-
rates raw scores for 5 different domains,
which are converted into T-scores.
Those can be organised by gender and
age and the possible scores range from
32-114. A score below 59 is considered
low to no symptomology and the higher
the score, the more likely it is for the
child to be diagnosed with ASD. In the
context of this study, this measure was
in particular used to identify possible
social communication difficulties in the
children. For the full SRS-2 the internal
consistency (Cronbach’s a =0.935), and
the test-retest reliability (Shrout—Fleiss =
0.944, Winer reliability = 0.944) have
been proven to be excellent (Gergoudis
et al., 2020).

The children’s level of alexithymia was
measured by the Alexithymia Question-
naire for Children — Parent (AQC-P,
Costa et al., 2017). The questionnaire
consists of 20 items such as: “Finds it
difficult to say how he/she feels inside.”
or “He/she often does not know why
he/she is angry”, which are rated on a 3-
point scale from 1 (not true) to 3 (true).
The answer “does not apply” is also
scored with one point. Scores can range
between 20 and 60 with higher scores
indicating a higher likelihood for alexithy-
mia. The AQC-P showed acceptable
omega reliability values for the total
scores (w = .870) in terms of internal
consistency. The total AQC and AQC-P
scores were also significantly correlated
(r=.325, p <.001) (Brown et al., 2021).

The language proficiency of the partici-
pants was indicated by the parents by
completing the language history questi-
onnaire (LHQ-3, Li et al., 2020) which is
an important tool for assessing the lingu-
istic background and language profi-
ciency of multilinguals or second

language learners. Parents first indica-
ted their children’s general language
learning skills on a scale from 1 (very
poor) to 7 (excellent). Secondly, they ra-
ted their child’s current ability in terms of
listening, speaking, reading and writing
for all languages the child had learned
so far. The validity and reliability of the
LHQ questions have been tested as
well. As demonstrated in Grant and Li
(2019) for example, bilingual partici-
pants’ verbal fluency scores in Spanish
were significantly correlated with their
LHQ-based self-rated proficiency scores
(p =.039, r=.36) (Li et al., 2020).

Moreover, to test their proficiency level
in German, we used four of the ten sub-
tests (“Bildbenennung”, “Handlungsse-
quenzen”, “Fragen zum Text”, “Satzbil-
dung”) of the SET 5-10
(Sprachstandserhebungstest flr Kinder
im Alter zwischen 5 und 10 Jahren, Pe-
termann, 2018). The majority of subtests
have good internal consistency with
Cronbach's alpha between a = .71 and
.91. Analyses of the criterion validity of
the procedure revealed medium to high
correlations between the subtests of the
SET 5-10 and other test procedures that
measure comparable constructs. The
results speak for the validity of the test.
The first subtest consisted of naming
and describing several different images
that were presented to the participants
on cards to determine the extent of their
vocabulary. After this, the participants'
language comprehension was tested by
presenting them with small figures (a
woman, a man, a girl, a boy, various ani-
mals, a tree, and a bench). The partici-
pants had then to use the figures to re-
enact short sentences, which were read
out by the researcher. For the next sub-
test, short texts were read to the children
(four texts for the 6-year-old participants,
and five texts for the 7- to 12-year-old
participants). Following each story, they
were presented with questions and
given three alternative answers from
which they had to choose the one that
best matched the text. For the last task
of this test, they needed to form gram-
matically correct and reasonable sen-
tences from words that were read out
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loud by the researcher. This task requi-
red knowledge of morphology, syntax,
and a sufficiently large vocabulary. The
participants’ answers to the first and last
subtests were recorded so they could be
listened to again at the time of the eva-
luation, as to avoid any possible misun-
derstandings on the researcher’s part.
The recordings were deleted after suc-
cessful transcription of the participants’
responses.

To assess the participants’ cognitive
performance, we used the short version
of the WNV test (Wechsler Nonverbal
Scale of Ability, Wechsler & Naglieri,
2006). The reliability of the subtests ran-
ges from r = .72 (arranging pictures) to r
= .90 (matrices test). Reliability for the
2-subtest battery is .90. Retest reliability
ranges from .78 (4;0 to 7;11) to .89 (8;0
to 21;11). We applied the following sub-
tests: Matrices Test, shape recognition,
and visual-spatial memory span. Partici-
pants of all age groups completed the
Matrices Test. In addition, participants
under 8 years old did the recognition
task, while those who were 8 years or ol-
der completed the visual-spatial memory
task instead. For the Matrices subtest,
the participants are confronted with pic-
tures of colourful geometrical figures
that follow a pattern but are missing one
element. The participants were asked to
point to the option of the different figures
shown that would best complete the pat-
tern. In the Recognition subtest the par-
ticipants had to look at an image of a
shape for 3 seconds. After this, the child-
ren had to choose the same shape they
had seen beforehand from different opti-
ons. For the visual-spatial memory span,
the participants had to touch different
blocks on a board, standing between
them and the researcher, in the same
and reversed order demonstrated by the
examiner. The researcher showed the
participants images with the instructions
for each WNV task in order to nonver-
bally communicate what they would
have to do. If the participants had prob-
lems understanding the instructions, the
researcher was allowed to additionally
verbally explain the task at hand.

In order to elicit frustration in the child-
ren, we made use of a disappointment
paradigm (adapted from Cole et al.,
1994; Saarni, 1984). First, the partici-
pants were asked to rate their prefe-
rence for different objects, which in-
cluded sweets, play dough, a pop-it
fidget toy, juice, and a slightly burned
down candle from 1 (most preferred) to
5 (least preferred). Then they were as-
ked to do a 5-piece puzzle of a car with
the knowledge that they would get their
most preferred item if they would do very
well in solving the puzzle. After having
finished the puzzle, all participants, inde-
pendently of their performance, received
their least preferred item, which should
frustrate them and elicit a negative dis-
position.

To assess the participants’ emotional
state at baseline, namely before the
frustration task and after the emotion-e-
liciting situation, the rating for affective
dimensions valence scale (1 = very sad
to 5 = very happy) of the Self-Assess-
ment Manikin (Bradley & Lang, 1994)
and an interview regarding the partici-
pants’ emotion regulation were used.
The SAM consists of graphic characters
with different facial expressions inclu-
ding a smiling, happy figure, a less
happy figure, a neutral figure, a not so
happy one and a figure that is not happy
at all.

The original article describing the SAM
reports good psychometric properties
(Bradley & Lang, 1994). A very high cor-
relation was found between the SAM
items and those of other verbal-based
measurement instruments, including
high reliability across age (Graziotin et
al., 2015).

Additionally, we assessed the children’s
heart rate with a wrist-worn heart rate
monitor (i.e., the Apple® watch series 6)
to control for physiological indications of
changes in the participants’ emotional
state. The measurement started before
the disappointment paradigm with a five
minute resting time to assess a baseline
and continued until the end of the study.
To be more precise, we had a look at the
exact heart rate at the following time
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points: At the beginning and at the end
of the five minute baseline measure-
ment, after the participants finished the
puzzle task, when they received their
least preferred item and when the emo-
tion interview began.

To evaluate the participants’ cognitive
performance (i.e. memory for visual con-
tent), the children watched a short non-
verbal educational video of 6 minutes
and 14 seconds (Wasser in der Wuste -
Die Sendung mit der Maus® by the
Westdeutscher Rundfunk Koéln) and
were subsequently asked 14 non-verbal
questions about the video (e.g. to recall
certain details about the video; to sort
different images directly taken from the
video into the correct order; to identify
which image did not appear in the vi-
deo). The video questionnaire was crea-
ted specifically for this study by our re-
search group, and thus was not a
validated measure.

In order to measure the effect of langu-
age during the emotion-eliciting situa-
tion, the researcher conducted an inter-
view with the participants in which they
were asked to express how they felt
during the disappointment paradigm and
about their emotion regulation. The 12
questions (e.g., “When you received y-
our least preferred item, did you do so-
mething to make yourself feel better?”;
“Did you try to hide your disappoint-
ment?”; “When you are sad, what do you
usually do to make yourself feel better?”)
were formulated by our research group
and were not validated. The interview
was held in German for all the partici-
pants. Due to the separation of our study
sample into two groups, this interview,
which was recorded, was in their mother
tongue for the L1 group and in their se-
cond language for the L2 group.

2.3 Procedure

The testing phase for the study took
place during a period of two weeks in the
premises of the Maison des Sciences
Humaines building on the Belval Cam-
pus (PAT-LAB) of the University of Lu-
xemburg or at the participants’ request,

at a safe and undisturbed location closer
to them. We always made sure that the
environment in which the testing took
place was quiet to give the participants
the possibility to concentrate properly on
the tasks on hand. All the procedures
were conducted in person and in the
presence of an examiner. After we found
children who met our inclusion criteria,
we contacted the parents for more infor-
mation about their child and to set a date
for the testing. The appointment con-
sisted of one session lasting up to one
hour for each participant.

Before the actual experiment began, the
participants' parents had received some
information about the content and objec-
tives of the study and any further questi-
ons were answered. The information
sheet explained that the participation
would be anonymous and that the parti-
cipants would be confronted with an
emotion-eliciting situation for a short pe-
riod of time. The pseudonymity of the
test subjects was given, by the design of
the study, as each subject received an
individual and randomly generated iden-
tification number with the help of the
software Excel. After having agreed that
their children could take part in the ex-
periment and signing the legal
documents, the researcher started with
the tests. It should be noted that the ex-
periment could have been stopped at
any moment, and it was possible to ask
for their data to be deleted even after the
study had been conducted with no nega-
tive consequences for neither the parti-
cipants nor their parents.

Before every testing, the parents and the
participants were asked to sign the
consent form. Additionally, one of the
parents filled out the questionnaires re-
garding demographics, autistic sympto-
matology (SRS-2, Constantino, 2012),
alexithymia (AQC-P, Costa et al., 2017),
and emotion regulation (ERSSQ, Butter-
worth et al., 2004) of their children.
Furthermore, the parents completed a
part of the language history question-
naire (LHQ-3, Li et al., 2020). This was
either done at home or on-site and took
approximately 35 minutes for each child.
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To begin the test session, the partici-
pants started with the different WNV
tasks. After finishing the subtests of the
WNV test, the participants continued
with the four tasks of the SET 5-10. For
the SET5-10 exercises, the researcher
as well as the participant communicated
with each other in German. As the ans-
wers of the participants were recorded
for this part, the children were given a
short explanation as to why the resear-
cher was recording their voice and were
asked to start and stop the recording on
their own in order to make it more com-
fortable for them. The next step con-
sisted of the participants putting on an
apple watch. They then had to sit as
calmly as possible for a duration of 5 mi-
nutes to assess a baseline of their heart
rate. The measurement of their heart
rate continued throughout the rest of the
experiment. Moreover, the participants
were asked to indicate how they were
feeling after the 5 minutes had passed
by using the Self-Assessment Ma-
nikin. Then, in order to elicit frustration
in the children the disappointment para-
digm was used. After initiating frustration
in them, they were asked again how they
were feeling after receiving their least
preferred object. Next, the participants
had to watch a short educational video
and answer some memory questions
about it afterwards. This task was then
followed by an interview, where the re-
searcher asked the participants about
their emotion regulation during the expe-
riment and in general.

At the end of the study, the children got
an explanation as to why they did not get
their preferred item even though they did
well in solving the puzzle, to make sure
that the elicited state of frustration would
only be temporary. Finally, the experi-
ment ended with the participants recei-
ving all the objects they had to rank be-
fore solving the puzzle, except for the
candle, as compensation for their parti-
cipation in the study and they were told
that they had performed well.

2.4 Statistical analysis

All collected data, including the parent’s
answers to the different questionnaires,
the scores reached in the WNV intelli-
gence test and in the SET 5-10, and the
questionnaire regarding the video, as
well as the heart data and the children’s
answers to the interview, were collected
in a data set in the statistics program
‘IBM® SPSS Statistics”. First, we
conducted descriptive analysis such as
the mean, standard deviation, number of
participants and frequencies to get a ge-
neral idea of the study sample. Further-
more, different statistical tests were
conducted to compare the means of the
two groups. The comparison of means
included the results of the different tests
that we conducted and the information
we had from the parents about their
children. A regression analysis was
used to see whether emotionality, the
WNYV total score and the group affiliation
have an impact on cognitive perfor-
mance.

3. Results

We analysed the cognitive performance
of 24 children after they’ve just experi-
enced an emotion-eliciting situation to
see whether they show a worse perfor-
mance depending on whether the langu-
age used is their first or second langu-
age. The comparison was between two
groups, one with children that have Ger-
man as their first language (n = 12) and
the other group with children that have
German as their second language (n =
12).

Table 1: Age distribution, gender distribution
and socio-economic status in the two
groups.

L1 L2 Significance
Age M=846, M =954, SD {(22) = -1.32,

SD = =219 p=.199

1.79
Gender 6 girls, 6 4 girls, 8boys X1, N=24) =
distribu- boys .69 p = .408
tion
Income le- M=527, M=525 SD t21) = .05
vels of the  SD = =114 p=.96
parents 1.01
Education MR = MR = U = 14.00,
level ofthe  17.33 7.67 z = -349
parents p=.00
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WNV M = M = {(22) = 2.31,
score 116.5, 99.91, p=.031

SD = SD =

13.81 20.70
SET5-10 M = M = {22) = 1.95,
score 61.85, 50.50, p=.06

SD = SD =

11.74 16.37

As indicated in table 1, no significant dif-
ferences between the two groups were
found concerning age and gender distri-
bution. A Student’s t-test was conducted
to compare the age of the participants
and a Chi-Square test of independence
was conducted to compare the gender
distribution.

Furthermore, the results of a Student's t-
test revealed no significant differences
between the income levels of the pa-
rents from the children of the two groups.
A Mann Whitney test to compare the hig-
hest degree of the legal guardians was
conducted to compare the second indi-
cator for the socio-economic status of
the families of our participants. For each
child, the average of the education level
of both legal guardians was calculated.
Education levels ranked from 1 (Funda-
mental/primary education) to 6 (master’s
degree). The results show significantly
higher education levels of the parents of
children in group L1. However, both
groups show a similarly high income
with at least half of the families having
chosen the highest possible option on
our scale. In the L1 group, 7 parents in-
dicated the highest possible score and in
the L2 group, 6 parents indicated the
highest possible score. Broader diffe-
rences can be observed regarding the
highest degree. Data about the highest
degree of the parents (N = 48), with 24
in each of the groups, were collec-
ted. More than 80 % of parents in group
L1 specified that they have obtained a
master's degree, which was only the
case for one third of the parents in group
L2.

In addition, the scores reached in the
WNYV intelligence scale were higher in
the L1 group. An independent sample t-
test showed that this difference is signi-
ficant.

Results of the SET5-10 scores to mea-
sure the German language proficiency
showed a marginally significant diffe-
rence between the two groups with sta-
tistically higher results of children with
German as their mother tongue. A mar-
ginally significant difference was also
found regarding the listening skills esti-
mated by the parents in the LHQ-3 (p =
.06). Parents indicated their children’s
skills on a scale from 1 (very poor) to 7
(excellent). Parents from children of
group L1 indicated higher listening skills
(M =6.83, SD = 0.39) than parents from
children of group L2 (M = 6.08, SD =
1.17). Estimation of the German spea-
king skills by the parents did not differ
significantly between the two groups (p
=.183).

Parents were asked to indicate the
social and emotion regulation skills of
their children in the SRS, AQCP and
ERSSQ questionnaires. None of the
children showed noticeable problems re-
garding those skills. Furthermore, a
Mann Whitney test for the SRS (p =
.083) and AQCP (p = .44) revealed no
significant difference between the two
groups. The conducted t-test for the
ERSSAQ did not indicate a significant dif-
ference between the two groups (p =
.659). The results revealed that the
groups did not differ in terms of social
communication abilities, alexithymia, nor
emotion regulation and social skills.

The heart rate and answers to the SAM
scale were used as indicators whether
frustration has been provoked within the
children or not. This is relevant since we
are testing the hypothesis that an emo-
tion-eliciting situation has a higher nega-
tive impact on the cognitive performance
of children when the language used is
their first language than when the langu-
age used is their second language.

A paired samples t-test for the heart rate
of the children during the 5 minutes of
resting time and after the frustration eli-
citing situation showed no significant dif-
ference between these two points in
time (p = .502). However, only for 18 of
the 24 children the heart rate measure-
ment worked correctly. These results
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indicate that there has not been any
change of emotion within the children af-
ter receiving their least preferred item. A
Wilcoxon signed ranks test was conduc-
ted to see whether the answers to the
SAM scale come to the same conclu-
sion. The children indicated significantly
lower happiness levels after receiving
their least preferred item (p = .021) (MR
= 7.33) than after the 5 minutes of
resting. Further analysis showed that
this only applies to the group of children
with German as their second language.
Regarding the final score in the memory
task, a Mann Whitney test revealed that
there is no significant difference
between the two groups (U = 45.00, z =
-1.62 p = .106) All children reached a
score between 10 and 14 (L1: M =
11.83, SD=1.03and L2: M=11.17, SD
= 1.53), one third of them reached a
score of 12 points. The maximum pos-
sible score one could reach was 14 and
four items were answered correctly by
all participants. We did further analysis
to see if there would be any differences
if those items were removed, but all the
results were identical to the ones men-
tioned above, only the minimum and ma-
ximum of the scores changed to 6 and
10.

To conclude our analysis and to finally
answer the research question, a regres-
sion analysis was conducted to see
whether emotionality of the child, the
WNV total score and the group affiliation
have an influence on the cognitive per-
formance of the participants. Since re-
sults showed that there is a significant
difference between the two groups re-
garding their WNV total score, we in-
cluded the WNV total score in the re-
gression analysis. Emotionality and
group affiliation, German as a first or
German as a second language, are part
of our hypotheses and therefore need to
be included in the regression analysis.
However, our hypothesis states that
children show worse cognitive perfor-
mance after an emotion-eliciting situa-
tion if the language used is their mother
tongue. This bases on the assumption
that frustration has been elicited in the
children. Results showed that only

children in group L2 indicated significa-
ntly lower happiness levels. Therefore,
not the language, German as first or se-
cond language, but emotionality itself
could cause a worse cognitive perfor-
mance. Nonetheless, group affiliation is
still the most important comparison fac-
tor in this study and was therefore in-
cluded in the analysis. Even though
there was a significant difference in the
parent’s education levels of the two
groups, we did not include it in our re-
gression model, because it is a variable
that describes more the parents of the
children than the children themself.

Results showed that group affiliation did
not have an impact on the cognitive per-
formance of our participants (Table 2).
This indicates that there was no diffe-
rence in the performance between the
two groups. Results, therefore, do not
support our hypothesis that children
show worse cognitive performance if the
language used is their first language.
According to our results, emotionality
also does not have a significant in-
fluence on cognitive performance. Only
the 1Q of the children had a significant
impact on their cognitive performance.

Table 2: Linear model of predictors of cogni-
tive performance to check whether the 1Q,
emotionality during the memory task and
German as a mother tongue or second lan-
guage (L1/L2) have an effect on cognitive
performance.

b SEB B p
Step 1
Constant 7.75 1.37 .00
1Q .04 .01 .53 .008
Step 2
Constant 8.34 7.95 .002
1Q .03 .02 A7 .057
Change of emotion mea- .15 .32 11 .639
sured with SAM
Group L1 orL -2.27 .68 -1 .692

Note: R? = .279 for Step 1, AR? = .288 for Step 2 (p <

.05)

FG,

20) = 2.699, p = .073

4. Discussion

The findings of the presented study offer
an important contribution to the literature
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on the relationship between cognition
and language proficiency when faced
with an emotionally frustrating situation.
The aim of this study was to examine
whether there is a difference between
the use of the mother tongue or a se-
cond language during an emotion-elici-
ting (frustrating) situation in the subse-
quent cognitive performance (memory)
of children aged between 6 and 12
years.

The analyses are based on research
previously described in the introduction.
For instance, attention is a limited re-
source and by consuming cognitive re-
sources, in order to regulate a negative
emotional state, cognitive performance
is reduced as a result. Namely, focusing
attention on emotions results in restric-
ted availability of resources for con-
centrating on another task (Ellis & Ash-
brook, 1988; Meinhardt & Pekrun, 2003,
as cited in Wentzel & Miele, 2016). Mo-
reover, Boroditsky et al. (2003) suggests
that there is a close relationship
between language and cognition and
that these constructs influence each
other. For instance, Martini et al. (2021)
show that in Luxembourg children spea-
king Luxembourgish at home and for
whom the main instruction language is
German show a better performance in
maths and German reading comprehen-
sion. In addition, multilingual people
show less emotional reactivity by distan-
cing themselves when someone speaks
their non-dominant language (Lindquist
et al., 2013). These findings suggest that
language and emotions could have an
impact on cognitive performance.
Moreover, this evidence led us to formu-
late the hypothesis that children show
worse cognitive performance after an
emotion-eliciting situation if the langu-
age used is their mother tongue, rather
than a second language. If this was the
case, then the L1 group should have sig-
nificantly lower scores in the memory
performance task and a higher indica-
tion of emotionality compared to the L2
group.

First, we assessed the participants’ Ger-
man proficiency level. The results
showed marginally significant diffe-
rences between the two groups.

Namely, the L1 group had a marginally
higher score than the L2 group indi-
cating a slightly better German language
proficiency for the L1 group with German
as their mother tongue. Without having
different proficiency levels in the two
groups, we could not have analysed if
speaking a foreign language has indeed
an impact because the language level of
the second language would have been
equivalent to the mother tongue. As in-
dicated in our sample description, the
first language of most children in the L2
group was Luxembourgish, a language
that is a mix of German and French (The
government of the Grand Duchy of Lu-
xembourg, 2022). Therefore it might be
easier for children with Luxembourgish
as their first language to also have a high
proficiency in German, and thus have a
better performance in the SET5-10, than
children with a more distinct mother
tongue such as Portuguese. Further-
more, children in Luxembourg learn Ger-
man at an early point of time in school
which is why they can achieve high pro-
ficiency at an early stage. It is also im-
portant to take into consideration that
the Language level test (SET 5-10)
could have been too easy for some
children, as the test was conceptualised
for native-speaking children aged
between 5 and 10 years and our partici-
pants' age range went up to 12 years.
Therefore, the same table to score the
raw values was used for all children 10
years or older. However, the scores
reached did not indicate that the test
was in general too easy. Scores ranged
from 26 to 77 and the highest possible
score would be 80 points. None of the
children answered correctly to all items.
Another consideration that should not be
forgotten in regard to the language skills
of the participants is the answers to the
language history questionnaire from the
parents. There was no significant diffe-
rence in the judgement of the parents of
both groups regarding their children’s
German speaking skills. Perhaps the pa-
rents of the children from the L2 group
do not speak German themselves and
therefore were not able to judge the level
of their children accurately. Hence, even
though the participants of the L2 group
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had German as their second language,
it could have been that their proficiency
level was nevertheless very high and
very similar to the language level of
children being part of the L1 group.
Next, to check for the emotion regulation
abilities of the children, the scores of the
parent-report questionnaires were com-
pared. The results demonstrated that
the groups did not differ significantly in
this area with their scores falling into the
normal range of values for these questi-
onnaires. Therefore, one could say that
the participants had appropriate emotion
regulation skills and that Alexithymia,
the inability of recognizing emotions, can
be excluded as interpretation for the gai-
ned results.

Regarding age, gender, and income of
the parents there were also no signifi-
cant differences between the two
groups. However, there was a significant
difference between the education levels
of the parents of the two groups what
could also have an influence on the 1Q
of the children and therefore the cogni-
tive performance results. We will consi-
der this further along in our discussion.
Even though the children’s baseline of
their heart rate during the five minutes of
rest and their heart rate right after they
received their least preferred item were
not significantly different, the answers to
the SAM scale showed a different result,
however this was only the case for the
L2 group.

Participants of the L2 group were less
happy after receiving their least prefer-
red item than at baseline, so this shows
that the manipulation led to more emoti-
onal reactivity of the L2 group in compa-
rison to the L1 group.

Some of the children of the L1 group
remained calm and certain individuals
even seemed amused by the fact that
we did not give them their preferred item,
but their least preferred one instead. For
example, one child assumed that at the
end, he/she would get their chosen item
and therefore did not show the anticipa-
ted emotional response.

On the one hand, the manipulation pro-
bably did not work for all participants, be-
cause of the children’s experience with
positive reinforcement in everyday

situations. However, one has to point out
that the manipulation probably affected
the participants of the L2 group to a gre-
ater extent, because they experienced
more difficulties during the SET5-10 and
WNV test in general. The struggles en-
countered by the L2 group may have
made them uncertain about their abilities
and this led to negative emotions that la-
ter influenced the reaction to the emo-
tion-eliciting situation. One could say
that in the L2 group the strong negative
emotions dominated rather than previ-
ous learned positive reinforcement. On
the other hand, positive reinforcement
could have an impact in the L1 group.
“Positive reinforcement is defined as the
provision of a stimulus immediately after
a behaviour that results in an increase in
the use of that behaviour” (Cooper et al.,
2007, as cited in Hardy et al., 2020). The
application of positive reinforcement in
school settings by teachers and at home
by parents usually has the goal to en-
hance desired child behaviours (Wood
et al., 2011). Parents or even teachers
at school sometimes use the method of
operant conditioning and tell the children
for example that they will be allowed to
play if they do their homework or that
they will receive sweets if they finish
cleaning their room. Children quickly
learn that if they show the wanted beha-
viour or accomplish the task imposed by
their parents, they will be rewarded eit-
her with material things or emotional af-
fection by their caregivers. The puzzle
was an easy task and, in all likelihood,
children also understood that they ac-
complished this task even though they
did not get their most preferred item im-
mediately after solving the puzzle.
Therefore, they expected to get their
most preferred item, at least at the end
of the study as compensation for their ef-
fort and participation, as they have been
usually rewarded in past situations when
achieving other assignments.

The higher levels of negative emotional
states shown by participants of the L2
group could also be explained by the
fact that they had a lower SES, also de-
monstrated by the lower education le-
vels of their parents, in comparison to
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participants of the L1 group. For this
reason, the children of the L2 group
have been maybe less spoiled and have
not been receiving as many toys or
sweets as the L1 group. This could be a
reason why they associated a higher
meaning to the presented gifts during
the testing than children of the L1 group.
In relation to their socio-economic sta-
tus, children of the L1 group for instance
probably had a different type of educa-
tion or knowledge about the presented
items and said for instance formulations
like “sweets are not healthy to eat” and
therefore did not choose them as their
first item and were not excited to get
them.

Another aspect to consider is that child-
ren of the L1 group did not react with
strong negative emotions, because ma-
ybe the parents “mentally” prepared
them, because by having a higher edu-
cation level they probably experienced
similar testing situations and told them to
remain calm during the test and to ac-
complish the tasks without pressure. In
order to alleviate their concerns regar-
ding the experiment they may have al-
ready told their children beforehand that
negative emotions would be temporarily
induced during the test. We always told
the parents to not reveal any important
information regarding the test to their
children and tried to answer their questi-
ons not in front of the participants to re-
duce possible bias. However, many pa-
rents were concerned about the task
leading to frustration and so the as-
sumption that some parents warned
their children about the emotional situa-
tion beforehand should be considered.
Adding to that, one needs to consider
that the different possible answers for
the income of the family just separated
the socio-economic status into different
groups up to a salary of 8499€. Most fa-
milies indicated an income of more than
8500€ per month, which made us won-
der whether the scale is appropriate for
Luxembourg. Maybe we would have
seen a bigger difference of the socio-
economic status between the two
groups with more possible answers in a
higher range of income. However, it is li-
kely that families participating in

scientific studies and therefore contribu-
ting to research are of a higher socio-
economic status, since the parents then
have a higher connection to research
because of their own experiences with it.

By analysing the heart rate data, we dis-
covered that some errors occurred with
the measurement of the heart rate for 6
of the 24 participants. The data was eit-
her missing or it was only assessed for
a short period of time. For instance, the
apple watch stopped to track the heart
rate after five or six minutes, even
though we always made sure that the
apple watch was functioning during the
testing. As there are crucial values mis-
sing, important information is lost and
this limits the conclusions and interpre-
tations that can be drawn from the data.
Given that our dataset is already rela-
tively small because of the sample size,
every single data point counts and thus
this lost data can lead to imbalanced and
biased observations.

As we previously described in our intro-
duction, reacting to a negative emotion
such as frustration with disruptive, inter-
fering responses reduces the quality of
performance on activities following frust-
ration (Child & Waterhouse, 1953).

Regarding cognitive performance, our
predictions were that emotionality, na-
mely frustration and the respective
groups, so whether they spoke German
as their first or second language would
have an impact on the score of the me-
mory task. A linear regression analysis
used to see which of the variables actu-
ally had an impact on the score showed
that only the 1Q score from the WNV test
was marginally significant (p = .057).
Hence, depending on how high or how
low the 1Q score of the child was, they
performed respectively better or worse
in the memory task, indicating the cogni-
tive performance in this case. As expec-
ted, participants with a higher 1Q also
showed a better performance in the me-
mory task, while children with lower 1Q
displayed the opposite pattern. In parti-
cular, participants in the L1 group had
significantly higher 1Q scores. This diffe-
rence is relevant as the IQ is an
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independent variable, which therefore
could have had an impact on the results
even if we could have controlled it. Com-
parisons of the education levels of the
two parent groups showed that parents
of children of the L1 group had significa-
ntly higher levels of education which
could explain why the participants had
higher 1Q scores in that group (cf. statis-
tical analysis, Table 1). The study of
Kendler et al. (2015) for instance, found
that the environment in which children
are growing up affects 1Q evaluated in
late adolescence and that a part of the
children's 1Q could be explained by the
educational level of their parents. These
findings are in line with Davis-Kean's
(2005) suggestion that parents' educa-
tion has an impact on their children’s
achievement through its influence on the
parents' educational expectations and
specific parenting behaviours. The fin-
dings show that the language used (eit-
her first or second language), in our
study defined by the group, and frustra-
tion, more precisely whether the partici-
pants were less happy just before the
task than before the frustration para-
digm, had no significant impact on cog-
nitive performance, giving us an answer
to our research question and demonst-
rating that 1Q was the best predictor for
the memory task score in this case. Si-
milar evidence demonstrated that cogni-
tive intelligence (1Q) predicted significa-
ntly the lowa Gambling Task (IGT),
which also highly relies on cognitive pro-
cesses like memory, while emotional in-
telligence (EIQ) did not influence the
performance on this task (Demaree et
al; 2009). This example also reinforces
the fact that the 1Q has a higher in-
fluence on cognition than emotions.

However, when assessing these results,
one should keep in mind that our questi-
onnaire has some limitations. In the
questionnaire regarding the video the
scores reached by the participants only
differed between 10 and 14 points, me-
aning that each child answered correctly
to at least 10 questions. These results
bring up the question whether the ques-
tionnaire might have been too easy and
therefore was not an appropriate means
to measure cognitive performance of

children this age. We considered not in-
cluding the four items that were ans-
wered correctly by every child in further
analysis. However, comparisons of the
total scores and the scores without the 4
items showed that the difference
between the two groups stays the same.

4.1 Limatations and Outlook

Although the present study helps to con-
tribute to research on the relationship
between cognition, language proficiency
and emotions, it is not without limitati-
ons. At first one should begin by saying
that our sample size, consisting of 24
participants, is rather small and thus the
generalizability of the results is limited.
For time constraint reasons, we were not
able to gather a bigger sample. In addi-
tion to this crucial point the analysis
showed that a lot of results were only
marginally significant, which could have
been different with a bigger sample.
Furthermore, the heart rate of 25% of the
participants was not or only partially re-
corded due to some technical issues.
Therefore, some crucial data was mis-
sing. The significant difference in 1Q
between the two groups and the only
marginally significant difference regar-
ding language proficiency had an in-
fluence on the results as well as the level
of difficulty of the cognitive task. For
further research a cognitive task that has
already been proven to be appropriate
for this age group should be used.
Furthermore, only the participants of the
L2 group reacted to the emotionally eli-
citing situation, probably because they
already experienced more difficulties
during the SET5-10 and WNV test. This
could have led to negative emotions
even before the disappointment para-
digm and thus could have influenced the
actual measured emotion-eliciting situa-
tion later on.

As the manipulation did not work for the
L1 group this limited our conclusions of
our found results.

An explanation as to why some of the
participants were not frustrated as ex-
pected when confronted with the disap-
pointment paradigm might be because
of the childrens’ experience with positive
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reinforcement in everyday situations as
explained previously.

Another reason for this could be that the
parents “mentally” prepared their child-
ren before the experiment and told them
to remain calm when they would be con-
fronted with an emotion-eliciting situa-
tion during the test.

Furthermore, a lot of the participants had
a high socioeconomic status and thus
might not have been interested as much
in sweets or toys as they have already
had access to these things in their daily
lives. Additionally, the possible answers
for the families’ income were limited as
the maximum salary that the parents
could indicate was only 8499€. Most pa-
rents participating had an income of
more than 8500€ per month. Thus, the
scale was probably not appropriate for
Luxembourgish households and it would
have been better to have a higher maxi-
mum income as an option.

Overall, the obtained findings suggest
that there is no relationship between lan-
guage and cognitive performance when
confronted with an emotional situation.
Our expected result that participants of
the L2 group would show a better perfor-
mance in the memory task, because
they can distance themselves from an
emotional situation when using their
non-native language did not occur. This
suggests that multilingual students may
not have an advantage regarding cogni-
tive performance in an emotional situa-
tion when using their second language.
Future research should concentrate on
the connection of language, emotions
and cognition because there is still much
space for exploration on this topic. In ad-
dition, previously described limitations
should be taken into account. For in-
stance, as the difference in language
proficiency between the two groups was
only marginally significant, this could
have influenced the results and should
be noted for future research. If possible,
the analyses should be conducted on a
bigger sample and include more partici-
pants having a different mother tongue
than Luxembourgish, as this language’s
syntax resembles the German syntax a
lot and therefore could be too close to

the L1 group, influencing the findings as
a result. It would probably be even better
if future research would only include par-
ticipants in the L2 group  having a
mother tongue that differs a lot from Ger-
man and exclude Luxembourgish as it is
too similar to German in order to control
for this confounding variable.

Funding: The present study was sup-
ported by the Luxembourg National Re-
search Fund (FNR) (13651499).
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