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Abstract

Emotions, including stress and anxiety, strongly influence
cognition and learning experiences. This study investigates the
impacts of stress on cognitive load during learning, considering
baseline anxiety levels and fluctuating stress. With a focus on
technology-based learning, a web-based HTML introduction
module was used. Using a social stress test, 15 participants
underwent a stressful situation during learning, while the
control group of 15 were in a neutral condition. Results indicate
significantly elevated stress levels in the experimental group
throughout the experiment, with a corresponding decrease in
learning performance. For high perceived difficulty, the
stressed condition demonstrated a significant increase in
response time compared to the control condition. In contrast,
when experiencing low perceived difficulty, a significant
difference in response time across conditions was not found.
Findings emphasise the importance of managing stress in
educational contexts to optimise learning outcomes in the
evolving landscape of technology-based learning.

Keywords: stress, anxiety, and learning; cognitive load,
education; emotion and learning

Introduction

Emotions have a multifaceted relationship with cognition
(Plass & Kalyuga, 2019), and are an important component of
the dynamics of cognition.

Cognitive load refers to the mental effort required to
complete a cognitive-based task (Sweller, 2010). The three
types of cognitive load include:

Intrinsic - difficulty of the learning material, also
referred to as element interactivity (Marcus et al.,
1996)

Extraneous - excess load used to present information.

3. Germane - integrating information with previous

knowledge.

Using traditional educational models, it has been suggested
that emotions, including stress and uncertainty, can
contribute to extraneous cognitive load (Sweller et al., 2019).
For instance, Calvo and Eysenck (1992) found that anxiety
inhibited academic performance since working memory was
found to be overwhelmed with worries rather than the task at
hand. Stressful situations can lead to working memory
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resources being consumed with excessive thoughts and
worries about failure, which is more likely to occur in

highly anxious students (Paas & van Merriénboer, 2020).
Ramirez and Beilock (2011) demonstrated that a pre-test
short writing task that allowed students to express
themselves, led to better test performance since students were
able to free their working memory resources from worries
about failing. These examples signify the importance of
designing education materials to manage working memory
resources and consider cognitive load within the context of
emotions and stress.

Mostly adverse emotions tend to hinder the learning
process, while positive emotions have been shown to enhance
it. Negative emotions including anxiety during learning have
been found to lead to longer times needed to achieve
proficiency (Brand et al., 2007; Brosnan, 1998; Poropat,
2009, 2014; Seipp, 1991). From a clinical psychology-based
perspective Lukasik et al. (2019) found a significant
association between clinical anxiety and reduced working
memory performance, highlighting that these effects on
learning can be more long-term too. Boredom and frustration
have also been found to result in lower learning outcomes
(Graesser, 2012) whereas, experiencing enjoyment has been
found to improve learning due to a greater sense of autonomy
experienced by the learner (Pekrun, 2000) and is associated
with a more intrinsically rewarding experience of learning
(Pekrun, 2006; Pekrun & Stephens, 2010).

In certain instances, a counterintuitive trend has also been
observed where negative emotions can enhance learning,
while positive emotions appear to have the opposite effect.
Confusion has been found to lead to improved learning
(D’Mello et al., 2014). Intrinsic cognitive load and acute
stress are highly correlated for physicians working in a fast-
paced care centre (Vella et al., 2021). Physicians described
their ability to handle uncertainty as an integral aspect of
dealing with their cases (White et al., 2018). Kndrzer et al.
(2016) used a combination of past event recall and music to
create positive and negative moods. The negative mood
group was found to have improved learning outcomes. It was
suggested that the positive emotions may have led to
extraneous cognitive load impairing learning processes. The
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impact of emotions could be dependent on several factors
including how the emotion is induced, the type of learning
context, the complexity of the information presented, and
individual differences in knowledge.

The emotions experienced during learning can be impacted
by the skillset of the learner. Heer et al. (2021) investigated
the association between pre-learning emotional state,
cognitive load, and the performance of junior medical
residents in a simulated medical scenario. Pre-scenario
agitation led to higher cognitive load also leading to lower
performance scores. Fraser et al. (2014) conducted a study
where 116 final-year medical students received training using
a simulated scenario of a medical condition being
experienced by a 70-year-old woman. There were two
conditions participants were placed in where the patient was
either transferred to another service or unexpectedly
died. Students exposed to the patient death condition reported
an increase in cognitive load and had reduced learning
outcomes both after the study and when measured 3 months
later. These studies (Fraser et al., 2014; Heer et al., 2021)
focused on a single proficiency level and were unable to
generalise these results to varying proficiency levels. In the
present study, we take into consideration learners of varied
expertise levels within a single learning domain.

Psychologists have formulated theories including the
Yerkes-Dodson Law and John William Atkinson’s Theory of
Achievement Motivation which influence learning. Yerkes—
Dodson law (Yerkes & Dodson, 1908) refers to the
relationship between an individual’s arousal level, task
difficulty and learning performance. Based on this law
maximum learning performance occurs at an increasing level
of arousal for easy questions whereas it decreases in the case
of difficult test items as the level of arousal reaches a certain
level. Anderson (1994) recruited 100 college students and
asked them to complete easy (letter cancellation) and difficult
(verbal abilities) tasks. Each participant was tested with five
different doses of caffeine. As the caffeine dosage increased,
performance improved in the easy task. However, for the
more difficult task, a lower dosage initially led to improved
performance, but as dosage increased, performance
eventually declined.

Atkinson’s (1966) Theory of Achievement Motivation
refers to the need for achievement, influencing behaviour and
performance test-based tasks. An individual’s motivation to
achieve a goal is influenced by their expectation of success
and the value placed on the goal. It has been repeatedly shown
that motivation leads to increased learning engagement
(Dunn & Kennedy, 2019; Glynn et al., 2011; Tseng & Tsai,
2010).

Both the Yerkes-Dodson Law and Atkinson Theory can be
applied simultaneously. Keller (2007) recruited 108
secondary school students to explore the effect of being
threatened through negative stereotypes on gender
differences. Participants were divided into the threat and no
threat condition. For difficult items, those who had a low
preference for maths performed better under threat whereas
those who enjoyed maths performed more poorly. This
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supported the Theory of Achievement Motivation as the goal
to perform better increased for those who didn’t enjoy the
learning domain. The conditions of threat and no threat can
be viewed as manipulations of arousal (with the threat
condition elevating arousal levels). Based on the Yerkes-
Dodson law individuals with a low preference for maths
(hence potentially a lower baseline arousal) would benefit
from increased arousal in the threat condition hence aligning
with the fact that those with a lower preference for maths
performed better under arousal. On the contrary, those with a
higher preference for maths (who perhaps started with a
higher baseline arousal) may have experienced a decline in
performance as arousal increased.

Gender differences in overall stress and anxiety levels have
been found. Gao et al. (2020) analysed 1892 undergraduate
students and found that female students experienced
significantly higher anxiety than males in the first two years
of their college years. This is further supported by Hou et al.
(2020) who out of a total of 3063 participants found that
females were experiencing more severe stress and anxiety
symptoms, while males were found to have higher resilience
to stress. Bermejo-Franco et al. (2022) investigated how the
COVID-19 pandemic had impacted the mental health of
physical therapy students at a European University. In a
sample of 151 students, females were found to demonstrate
lower quality of life and higher depressive, anxiety, and stress
symptoms. These studies have been found to reveal poorer
mental health in females compared to males. Moreover,
gender-based learning differences from various instructional
formats (including instructional videos) have also been found
(Gupta et al., 2022). With reference to these findings, only
females have been selected for our study to control for
potential gender differences and to focus on the gender that
has been found to be more susceptible to anxiety and stress
effects.

Further understanding the relationship between stress and
learning has implications for improving learning experiences
for all. This involves closely assessing the impact of inducing
stress on learning. When it comes to conducting human-based
research it is essential to meet all ethical standards and avoid
causing long-term negative effects on subjects. Common
ethical procedures for inducing stress must be reviewed and
evaluated.

The Trier Social Stress Test (TSST; Kirschbaum et al.,
1993) was developed to induce moderate levels of
psychosocial stress and has become a commonly used
standard test for psychological stress induction. The original
TSST consisted of a 5-minute public speaking task and 5
minutes of mental arithmetic tasks performed in front of a
panel of two unfamiliar evaluators while being recorded by a
video camera. Since the original TSST test, researchers have
explored various modifications to it.

The Sing a Song Stress Test (SSST) is an easier alternative
to the original TSST that involves singing a song instead of
preparing a speech. The test involves a very short procedure,
is low cost, requires no special equipment and is minimally
invasive. It is an effective way to cause short-term mental



stress easily and quickly (Brouwer & Hogervorst, 2014). A
shorter version of the test (van der Mee et al., 2020) was also
found to induce subjective and physiological stress reactivity
to a sufficient degree needed for the experiment. In this test,
the number of tasks was reduced making it a 6-minute
procedure compared to the original 15 minutes. The SSST
test is an effective and convenient option to induce stress,
hence has been selected for the present study.

Many learning domains lack research on the relationship
between cognitive load and emotions, including web
development, which can induce anxiety in new and
unfamiliar learners. Hence, an introductory learning module
on a web-based language known as HTML (Hypertext
Markup Language) has been used as the basis of learning.
Those with some prior web development experiences were
noted to determine differences in more experienced vs less
experienced learners in the domain.

5 mins

Randomly allocate
participant in
Stress or Control
condition

Briefing participant about

form

5 mins

Complete Demographic,

e State Anxiety, Trait
=3 study and filling consent — Anxiety Scale Inventory

and VAS questionnaire

We examined the impact of inducing stress on learning
outcomes. Supporting past findings (Brouwer & Hogervorst,
2014; van der Mee et al., 2020) we hypothesised that the
SSST would induce higher levels of stress and extraneous
cognitive load compared to the control group (Hypothesis 1).
Anxiety and stress have been found to negatively impact
learning performance and hence those impacted by stress
were predicted to exhibit lower learning performance
demonstrated by reduced test scores (Hypothesis 2a) and
increased time taken to complete tasks (Hypothesis 2b). The
level of perceived difficulty will impact the effect of stress
with high perceived difficulty significantly increasing
response time due to higher than manageable arousal,
cognitive load, and stress (Hypothesis 3a). However, low
perceived difficulty won’t significantly impact response time
when stressed due to manageable arousal, cognitive load, and
stress. (Hypothesis 3b).
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Figure 1: Procedure Flowchart

Experiment

After obtaining ethics approval from the University of New
South Wales Human Research Ethics (HC230314), 30 female
participants were recruited through university-based
newsletters and social media platforms.

Students who were invited to participate were accepted if
they were over 18, identified as female, had minimal or
ideally no past HTML experience, and had no diagnosed
stress or anxiety disorder.

Materials

Learning Module: A previously developed HTML learning
module was used, with some changes made to adjust
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difficulty levels, questions, the learning format, and the
addition of features including a time limit on questions and
answer-based feedback. The module contains a total of 9
videos for content to learn, 11 short answer questions (QS 1-
11) and 5 practical coding-based questions (QC 1-5) for
testing. The short answer question time limit ranged from 10
seconds to 1 minute (based on the complexity of the
question). For the coding questions, the time range was 2
minutes to 10 minutes (the latter being for the final exam-
style question for testing knowledge across the module).

Mid-Way Task: A modified version of the SSST was
designed for the stress condition, which included reading



passages on a neutral topic related to vacuums (the reading
task only was also repeated for the control condition) and a
singing task with instructions being presented on a desktop
monitor. Video recording was using an iPhone 14 Pro placed
on a tripod. A panel session of university researchers was
played on a laptop as the social evaluative component. This
session was pre-recorded via Microsoft Teams due to the
logistical challenge of organising a live panel for each
experiment.

Measurement Scales: Previously validated measurement
scales were administered including the:

- Trait and State Anxiety scales which measure aspects of
anxiety (Marteau & Bekker, 1992)

- Visual Analogue Scale (VAS) which measures
subjective perceptions of stress using a
rating scale (Lesage et al., 2012)

- Dundee Stress State Questionnaire (DSSQ) which
measures stress based on emotional states, cognitive
appraisal, and physiological arousal (Kosch et al., 2021;
Matthews et al., 1999, 2002)

- Fred Paas’s (1992) post-test questionnaire scale which
measures mental effort and difficulty

Procedure

Participants were randomly allocated to either the stress or
control group and consent was obtained about being video
recorded and assessed by a live panel. The demographic-
based questionnaire, Trait Anxiety, State Anxiety and VAS
scale were completed. They began the learning module and
halfway through (by this point had watched 4 learning videos
and completed 9 short answer questions and 1 coding
question) were asked to pause to complete the post-test
questionnaire followed by the 5-minute mid-way task. For the
mid-way task, those in the stress condition were recorded as
the evaluative panel session played. The brief and
introduction on the panel took about 1 minute, they then read
three passages out aloud for around 3 minutes and then sang
an impromptu song of their choice for a minute upon a 10-
second countdown. In contrast, those in the control condition
silently read some passages at their own pace for 5 minutes
without any social evaluative component, video recording, or
timed conditions and they were not required to sing either.
Everyone then continued with the learning module (by
watching the remaining 5 videos and completing 2 short
answer questions and 4 coding-based questions) and ended
with filling out the Dundee stress state, state anxiety, post-
test questionnaire, and VAS scales. In the end, they all
received a $30 gift card and those in the stress group were
debriefed about the panel being a recording and the reasoning
behind it (see Figure 1).

Scoring Participants

A standardised marking criteria was used to mark with a
maximum score of 30 (marks equally split for practical-based
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coding and short answer questions). For the coding questions
partial marks were given if the code didn’t run to account for
participants who were close to running their code. The
responses and time taken to answer each question were
automatically recorded in the backend of the learning
website.

Analysis and Results

ANOVAs (including one-way and two-way ANOVA and
repeated measures) and ANCOVAs were run on the data
collected with different combinations of variables including
past experiences in the learning domain, stress and anxiety
levels, difficulty, mental effort, and learning-based measures
of scores and time taken. Results yielded several useful
insights, and the significant findings are summarised here.

A one-way ANOVA was used to examine stress levels
experienced in the two groups (Control and Stress). A
significant effect was found for the Dundee Stress State
Questionnaire Score [F (1,28) = 11.059, p =.002], indicating
significant stress levels elevation in the stress condition
compared to the control condition (see Figure 2).

80.00
60.00
40.00

20.00

Dundee Stress Score

0.00
Stress

Control

Experimental Condition

Figure 2: Dundee stress test scores for the control and stress
condition (error bars calculated with 95% CI)

A 2-way ANOVA using group (Control and Stress) and
perceived difficulty (Low and High) was used to explore
whether main and interaction effects existed for both
performance and time taken scores. Perceived difficulty
scores were split into two categories with scores higher than
the median placed in the high category and the remaining
placed in the low category.

Score: Performance in the post-midway task questions was
found to be lower under stress, particularly in the practical
coding questions including QC 5 - the final exam style
question [F (1,28) = 8.607, p = .007] which assessed more
comprehensive skills acquired throughout the learning
module. The final question exhibited a strong correlation with
overall performance due to its wider scoring range (with a
total possible score of 9) compared to other questions (see
Figure 3).
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Figure 3: Final question performance score for the
control and stress condition (error bars calculated with
95% CI)

Time: Compared to the control condition, participants
in the stress condition took significantly longer time to
answer the questions that immediately followed the mid-
way task QC 2: [F (1,28) = 5.299, p = .029], QC 3: [F
(1,28) = 5.615, p=.025] and QC 4: [F (1,28) =7.109, p
= .013]). These three questions had a significantly high
completion rate allowing for a more detailed analysis of
time variations across participants unlike QC 5 where
most participants were unable to complete the whole
question resulting in timeout.

Significant differences were found across conditions
for the percentage of time taken (out of time allotted)
based on the perceived difficulty for two questions
following the mid-way task, which had a higher
completion rate compared to the other two questions [QC
2=F(1,26)=4.730,p=.039; QC 4 =F (1, 26) = 4.293,
p = .048] (see Figure 4).

Experimental

o 10000 T Condition
£ I Control
= 80.00
= I stress
o35
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0.00

Low High

Perceived Difficulty

Figure 4: Time Taken for QC 4 based on perceived
difficulty levels (error bars calculated with 95% CI)

For participants experiencing higher perceived
difficulty, a higher level of significant differences in time
were found across conditions for the three questions (QC
2: [F (1,13) =7.057, p = .020], QC 3: [F (1,13) =5.179,
p=.040] and QC 4: [F (1,13) =5.401, p =.037]) with the
stress group taking more time than the control group.
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Significant differences in time were not found with low
perceived difficulty.

Discussion

We investigated the impact of inducing stress on learning
outcomes. Based on the Dundee Stress Test responses
the SSST led to significantly higher stress and arousal
levels for those in the stress condition compared to the
control condition. (Hypothesis 1). Moreover, overall
learning performance was found to be lower in the stress
group with lower test scores (Hypothesis 2a) and more
time taken (Hypothesis 2b). Due to experiencing higher
than manageable stress and cognitive load levels the
stress group took longer to complete tasks when
experiencing higher difficulty (Hypothesis 3a). When
experiencing lower difficulty, the stress group managed
to maintain a manageable level of overall load, taking a
similar amount of time as the control group (Hypothesis
3b).

The present study offers valuable insights that extend
beyond the immediate aims. Research in this area has
become increasingly important as we switch to more
online-based mediums (including hybrid options) which
poses a challenge with the additional cognitive load of
software applications as well as the notifications that are
often transient (Darejeh et al., 2022; Wong et al., 2012).
By understanding what causes stress and anxiety during
learning we can gain insights into managing cognitive
load in education-based settings. It is important to
understand all that can be done to optimise conditions of
learning particularly considering individual differences.
This work opens avenues to adapt online learning to
individuals' anxiety and stress levels. Tailoring
educational experiences based on the emotional and
cognitive needs of learners can pave the way for a more
inclusive and effective educational environment.

Components of proven stress-based tests were tested
to find the most cost-effective, practical, and ethical way
to induce stress for the study. Modifications have been
made to the TSST over time to reduce reliance on real-
life evaluators, simplify the process and shorten its
duration. In the present study, inspiration was taken from
the SSST, a variation of the TSST. Originally the SSST
lasted 15 minutes requiring two confederates (Brouwer
& Hogervorst, 2014). With a recent modification (van
der Mee et al., 2020) the test was reduced to 6.5 minutes
with just a single experimenter while still maintaining its
effectiveness in inducing stress. In the present study,
despite decreasing the overall task length to
approximately 5 minutes the singing duration was
increased from 20 seconds to 1 minute. This adjustment
aimed to focus more on the anxiety-inducing aspect of
the test i.e. singing. Aspects from successful variations
of the original TSST were incorporated including timed
conditions, video recording and social evaluation
through a pre-recorded panel. The SSST used in the



current study proved to be a quick, cost-effective, and
easy-to-administer task to induce stress. Participants
found the task to cause significantly more stress and
arousal based on the results of the Dundee Stress Test
Survey. Our results provide support for a more
accessible variation of a stress test which can be further
validated in future studies due to its proven effectiveness
in causing the required arousal ethically for the
experiment.

The evaluative nature of the stress task would
influence the amount of stress caused. While talking to
participants in the stress condition (at the end of the
experiments) approximately 90% of them believed the
recording to be real which played a key role in inducing
a significant amount of stress as part of the SSST.

Plass and Kalyuga (2019) alluded to the importance of
exploring the relationship between emotions and
cognitive load with its impact on learning outcomes.
Stress and anxiety have been found to contribute to
extraneous cognitive load (Sweller et al., 2019)
impeding performance (Calvo & Eysenck, 1992; Fraser
et al., 2014; Heer et al., 2021). Some of these studies
have considered only a particular expertise domain e.g.
final-year medical students (Fraser et al., 2014) or junior
medical residents (Heer et al., 2021). The present study
focussed on various proficiency levels within the chosen
learning domain and demonstrated similar effects where
the participants in the control group outperformed those
in the stress group based on both the time taken to
complete tasks and performance scores.

The Yerkes Dodson law (1908) and Atkinson’s
Theory of Achievement Motivation (1966) can be used
to explain the interactions found between perceived
difficulty level - (low vs high) and group (stress vs
control) on learning outcomes.

Based on the Yerkes-Dodson Law there is an optimal
level of stress needed for peak performance, with
learning expected to decrease with very low or high
stress levels. With those experiencing higher perceived
difficulty in the stress condition, stress levels would have
increased beyond the optimal point leading to a slower
and more cautious approach to completing the tasks.
Arousal levels for those in the stress condition
experiencing low perceived difficulty would not have
been affected too much. Hence participants were able to
maintain a more optimum stress level needed to perform
at a similar rate to the control group.

From the Theory of Achievement Motivation
perspective participants in the stress condition with
higher perceived difficulty may have experienced
increased thoughts of failure, leading to investing more
time in task completion to ensure accuracy. The
significant increase in time taken for questions in the
stress condition, particularly for those with higher
completion rates, could be attributed to the relationship
between achievement motivation and stress. The stress
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group may have approached their challenging tasks with
increased motivation but also greater anxiety leading to
a longer time to respond.

The present study looked at female participants to
control for potential gender differences. Follow-up
studies can look at males to assess what factors may
affect their learning performance and the relationships
between stress and anxiety on their cognitive load and
learning. We could also consider physiological measures
such as GSR and HRV to assess fluctuating stress and
cognitive load levels.

To conclude, this study delved into the dynamics of
cognition by investigating the impact of inducing stress
on learning outcomes. It also provided support for a
simplified stress test using a modified version of the
Trier Social Stress Test (TSST) and Sing a Song Stress
Test (SSST). Overall, stress was found to hinder learning
outcomes with the control group outperforming the
stress group. Those who experienced higher perceived
difficulty in the stress group were found to have
increased response times as opposed to those who
experienced lower perceived difficulty. High stress
makes it more difficult to cope with a higher cognitive
load. The focus was on females due to prior research
findings (Bermejo-Franco et al., 2022; Gao et al,
2020; Hou et al., 2020) which suggest the need for more
gender-specific studies. The findings contribute to
understanding the role of stress in technology-based
learning, serving as a stepping stone for future studies
exploring the complex relationship between emotions,
cognition, and learning. The findings also pave the way
for more adaptive and personalised learning systems.
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