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DO: Core Stress Reappraisal Message
Being stressed during an exam can actually help you do better.
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Figure 1: Our design space for exam eustress interventions consists of a core stress reappraisal message (D0) reinforced by 6
design factors: (i) D1 offers explanatory context for reappraisal in paragraph form, (ii) D2 gives explicit suggestions for what
to do during exams, why stress could help, and how to use this information, (iii) D3 includes a talking-head video from an
instructor explaining the explicit suggestions (iv) D4 provides a citation and link to a research paper, (v) D5 prompts students
to self-explain the concept by typing or voice, (vi) D6 prompts students to write a note that they could revisit before the exam.
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ABSTRACT

Stress reappraisal interventions try to shift students’ negative per-
ceptions towards eustress, stress that can be beneficial, and help
them perform better. However, it is less clear how to present them to
users as online interventions that are brief, voluntary, and scale well
in real-world contexts. We explore the design of online exam eustress
interventions by generating six design factors (D1-6) that reinforce
a core reappraisal message (D0), and evaluate them through: (i) user
interviews (N = 20) revealing six findings (F1-6) on the importance
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of elaboration, layout, modality, and source of intervention content;
(ii) a field experiment (N = 1283) showing a significant positive
effect on exam scores (p = 0.003). Subgroup analyses indicate a
significant effect for first-year but not for upper-year students, and
no detectable gender differences. Our work offers insight into how
students interact with online mindset interventions and design
considerations for incorporating them into large courses.
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1 INTRODUCTION

Stress has become increasingly prevalent in higher education, and
exams are a key stressor[42]. While COVID-19 has further exac-
erbated the stress levels of students [44], it has also accustomed
them to using digital learning tools [15], creating opportunities for
instructors to leverage online interventions. These interventions
can be used to help students not only reduce stress but also to find
a way to use stress as a resource for handling challenging situa-
tions such as exams. Students often interpret normal physiological
reactions to stress as wholly harmful. These negative perceptions
about stress and its effects on test performance can lead to increased
distress.

Introducing students to the concept of eustress, i.e. a positive
psychological response to a stressor, has the potential to help them
reappraise stress as not necessarily something to be eliminated but
something to be embraced as a signal that the body is trying to
help them focus and perform better. There is increasing evidence
that this kind of messaging can benefit students in exam situations,
such as when they are required to read some materials [27] or when
they receive information right before the exam [6]. In this paper,
we explore how to provide online activities that support students
by helping them change how they think about stress’s benefits.

For this exploration to be constructive, we must be aware of the
many design constraints and considerations in developing online
activities for students that communicate reappraisal messaging in
an actionable way. In this paper, we explore the design space for
activities that are simple (single webpage), brief (takes less than
5 minutes), scalable (requires no instructor feedback), and equip
students with the ability to apply this information to their lives
through self-reflecting on how to leverage eustress during exams.
We think these particular elements are essential because they make
online interventions feasible and impactful in real-world contexts,
where students may have limited attention, and instructors are
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often overloaded with limited capacity for one-on-one interactions,
despite wanting to help students.

Within this challenging context, we explored the design of multi-
component online interventions by varying several complementary
factors to reinforce engagement with a core stress reappraisal mes-
sage — being stressed during an exam can help students do better.
We varied the factors in terms of three design dimensions: (i) the
amount of information and explanatory text (balancing the trade-off
of limited attention and visual clutter against the degree of elabora-
tion on how stress can be helpful), (ii) the modality of presentation
(text versus video), and (iii) the potential value of reflection prompts
for students to think aloud and type notes on how their future
selves could use the information during their next exam.

We evaluated the range of design components through semi-
structured interviews with 20 students and a randomized field ex-
periment deployed to 1283 students in a programming course. This
provided insights into the relative importance of different factors
and their impact on different students in different contexts, such
as when text versus video presentation might be effective, what
kinds of additional information are compelling versus redundant,
and what kinds of interface prompts for students are more or less
impactful in terms of helping students retain and utilize the reap-
praisal messaging. Although the activity was delivered via a brief
and optional online intervention that took an average of under
3 minutes, it positively impacted student performance on a test,
with a significant effect on first-year students but not upper-year
students. Our findings provide insight into how instructors and
others can design online mindset interventions based on contextual
features of the interface and student characteristics. We also offer
design directions for a range of potential future work in the better
digital delivery of mindset interventions. The main contributions
of this work are:

(1) An exploration of the design space for online exam eustress
interventions that are simple, brief, and scalable, focusing
particularly on how students interact with different presen-
tation modalities (text, video, or both), levels of elaboration
(explanation, instruction, or paper citation), and reflection
prompts to learn how to identify beneficial aspects of stress
during exams. Our methodology can also be applied to design
other scalable stress-management interventions.

(2) An evaluation of our multi-component design using semi-
structured interviews with 20 students, as well as a large-
scale online field experiment with over 1000 students pro-
viding evidence on the positive impact of our intervention
on exam performance and insight into how students interact
with various components described in figure 1.

2 RELATED WORK

2.1 Psychological Research into Practical
Technology-Mediated Interventions

There is accumulating evidence that, in specific contexts, stress
reappraisal strategies can be effective for managing feelings of
worry about anxiety [23, 28] and enhancing performance in sit-
uations of acute stress [28], such as exams [6, 26, 29, 35]. Past
research has shown examples where videos [10], emails [6], and
text instructions can be better than no reappraisal. However, it
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remains unclear how to combine them into brief online interven-
tions because there has been little direct comparison between such
presentation modalities. We explore the design space of different
modalities, explicitly comparing video, text, and a combination of
video and text. Given how important it is to preserve student at-
tention and to empower instructors to help more students without
becoming overloaded, we focus our exploration on voluntary, brief
and scalable intervention combinations. While it is particularly
challenging to design interface components that meet all of these
three criteria, we think they are essential because interventions
that meet them have the potential to translate psychological re-
search into practical technology-mediated interventions that can
positively impact thousands of students.

2.2 HCI Research on Prompting People to
Change their Beliefs and Attitudes

We contribute to the growing body of existing work within HCI that
focuses on leveraging online technology to promote positive belief
change at scale by designing systems that apply various behavioural
science approaches to real-world problems such as mental health
treatment using online chat tools [3, 40] and conversational coaches
[37], engaging users to reflect on physical activity [33], cognitive
behavioural therapy (CBT) [17] based apps to reduce depression
and anxiety [5, 21], and just-in-time (JIT) based interventions [22]
to reduce digital workplace stress [24]. In this paper, we present a
design exploration of how different content modalities can be used
to communicate stress-reappraisal messaging to students in large
classrooms effectively. We give qualitative insight into how stu-
dents interact with different modalities to alter their stress mindset
and quantitative evidence showing that our designs improve exam
performance in a large-scale field experiment.

2.3 Shifting from Designing Distress
Interventions to Eustress Interventions

Current HCI research in the online intervention space has focused
primarily on applying reduction-based coping strategies to manage
stress instead of trying to help users embrace positive eustress[34].
We believe this reflects the dominant historical orientation of past
research toward negative aspects of stress. For example, previous
studies [9, 11] have demonstrated that prolonged stress lowered
overall academic performance [9, 11], as indicated by low exam
scores and low overall grade point average. These studies suggest
that test anxiety, a common source of stress, is a cause of poor
academic performance as it negatively affects critical factors that
affect the learning process, such as sleep and biological systems that
mediate the body’s responses to stress. However, building upon
pioneering work from the 1980s [19], a new class of studies has
hinted at the multiple potential benefits stress can have on academic
performance when used methodically [2, 4, 36, 45]. Compared to
most existing HCI contributions in the stress-management space,
one contrasting feature of our intervention is that it focuses on
reappraisal rather than stress reduction.

Our decision to focus on the positive aspects of stress is informed
by previous studies on emotional regulation that have compared
the use of reappraisals for stress management with other strategies
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such as suppression [23, 32], self-distraction [16, 30], and accep-
tance [20, 23, 48]. These studies suggest that reappraisal is a more
effective strategy than suppression and acceptance for moderating
physiological arousal and the subjective feeling of stress [23]. The
reappraisal strategy can also help reduce the negative emotional
experience of stress [16, 35]. Both reappraisal and self-distraction
may be effective for attenuating emotional reactions [30]; however,
we choose reappraisal for our intervention as we aim to measure
its effectiveness in an exam setting.

2.4 Situating Design Factors in Prior Work

To generate our six design factors, we draw guidance from research
on multimodal information presentation in HCI [8, 49], effective
communication strategies from market research [39], instructional
design [14, 31], multimedia learning [38] and reflective learning
[47]. Convincing and concise reporting often requires incorporating
data from multiple sources, methods, and modalities [8, 38, 39]. To
leverage this approach, we layer design factors on top of each other
to reinforce a core reappraisal message. Literature on instructional
design and multimedia learning informs our choice to test different
content layouts (e.g. paragraphs and bullet points) and mediums (e.g.
text and video). Prior work has shown the potential instructional
benefits of spoken words in videos [31], how bulleted lists may
improve information retention [1, 25], and how mixing modalities
could improve learning by offering learners parallel opportunities
for information processing [50]. One of the biggest design chal-
lenges is how to help learners retain the reappraisal information
and potentially change their behaviour on the upcoming exam. To
address this, we turned to prior work on reflective learning via writ-
ing and voice, which has shown the success of reflection prompts
in guiding future behaviour. We incorporate these insights in the
final part of our intervention by designing two reflection prompts
for assisting recall [41] and behaviour change [18, 47].

3 THE DESIGN SPACE FOR ONLINE EXAM
EUSTRESS INTERVENTIONS

3.1 Design Constraints and Considerations

We want to use online interventions to impact students’ behaviour
by helping them rethink exam stress as being useful rather than
detrimental. We consider the constraints posed by brief online
webpage interfaces. On one hand, such interfaces are ideal for
technology-mediated online intervention because students can eas-
ily access them via their computer or smartphone browsers. How-
ever, for an intervention embedded within such a setting to be
effective, it needs to be (i) voluntary, because students don’t have
to do them, and (ii) scalable, so it can be sent to many students
without requiring instructor intervention. These two constraints
are considerably challenging to meet due to the counter-intuitive
nature of the reappraisal message. One could imagine that reap-
praisal messaging is best delivered in person, by someone talking
to the students, explaining the idea to them, sharing stories, and
asking questions.

To investigate the design of components of a brief, simple, scal-
able, online intervention interface that can be self-administered by
students, we considered content modalities and information that
target three elements of users’ cognition and behaviour:
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(1) Information presentation that communicates the message
effectively to students.

(2) Information content that engages them in deeper processing
to understand the information.

(3) Prompts them to consider specific actions so they would be
more likely to remember the ideas in the future.

A key guiding consideration is that students’ attention in on-
line environments may be incredibly limited and that instructors
are often overloaded and unable to offer one-on-one in-person
interactions with students at scale. Therefore we asked what the
considerations are in deciding what information and activities merit
being included to convey a reappraisal message that is effective
for different students in varying contexts, which accounts for the
trade-off between limited student attention and offers a thorough
explanation, and results in students internalizing the message.

3.2 The Six Design Factors

In section 2.4, we discussed how our intervention design factors
drew insights from prior work on multimodal information pre-
sentation in HCI [8, 49], effective communication strategies drawn
from market research [39], instructional design [14, 31], multimedia
learning [38] and reflective learning [47]. In this section, we revisit
some of those insights and describe the specifics of our design and
our rationale behind each factor.

DO: Core Stress Reappraisal Message. All students received
the following core message:

“Being stressed during an exam can actually help you
do better”

We suspected that this brief message alone would not be suffi-
cient in convincing students that stress can be helpful, which was
later confirmed in our user interviews (see F1 in section 4.4). An ef-
fective communication strategy from market research involves the
integration of multiple sources and methods into well-synthesized
content [39]. We adopted this strategy and explored ways to rein-
force DO using six design factors (D1-6).

D1: Explanatory Elaboration Providing Research-based Ra-
tionale and Encouragement. We provided additional explanatory
context by laying out the specific logic of reappraisal to understand
how important this information was to students, and which aspects
of this elaboration were useful in different contexts. Furthermore,
we wanted to evaluate whether framing the stress reappraisal con-
cept as being research-based would convince students, in alignment
with science communication literature on conveying accurate sci-
entific information through persuasive scientific narratives [12].

The text that could be included or not was:

“We know that taking an exam can be a stressful expe-
rience, and so we wanted to provide a note of research-
based encouragement: People think that feeling anxious
while taking a test will make them do poorly on the test.
However, recent research suggests that increased levels
of stress doesn’t generally hurt performance on tests
and can even help performance. People who feel anx-
ious during a test might actually do better. This means
that you shouldn’t feel concerned if you do feel anxious
while studying for or taking the upcoming exam. If you
find yourself feeling anxious, simply remind yourself
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that your stress and its higher energy could be helping
you do well.”

D2: Explicit Suggestions for What to Think During Exams,
Why Stress Could Help, and How to Use the Information.
While offering explanatory elaboration may help convince students,
we wondered if they needed explicit suggestions on what to do. Our
rationale was to evaluate whether it was helpful to guide students
through directed prompts [13, 46] containing specific instructions
and explanations on how to reappraise stress. We also wanted to
see if this information was redundant or even potentially unhelpful
as it could reduce student attention and dilute the impact.

“During your exam, try to remember that feeling stressed
might actually help you perform better, by making you
more alert, and helping you work harder.

Try to use the feeling of stress as a cue, to put energy
into: (1) thinking carefully about what a problem is
asking you, (2) trying to come up with different ideas
for answering questions, and (3) trying to remember
which concepts from the semester are relevant.

How might stress help you do better on an exam? Your
brain is recruiting resources to make you pay attention,
so that you can have more energy to work hard and
think deeply.

If you find yourself feeling stressed during the exam,
remind yourself that this is normal, and not necessarily
bad — it may even be helping you do better than if you
weren’t stressed.”

In light of prior studies showing the benefits of spoken words in
instructional videos [31] and the potential to improve information
retention and learning through mixing modalities [41], we won-
dered whether varying how the explicit suggestions were presented
to learners, either as text or video, would be helpful in our context.

D3: Presentation by Instructional Video. We developed an
instructional talking-head video where a faculty member researcher
explained the concept in an enthusiastic manner in order to explore
how students’ preferences for the modality varied and if there was
value in both. For simplicity of presentation, we chose to do it for
just the explicit suggestions from D3.

D4: Validation by Explicit Citation of a Source Paper. Pro-
viding explicit evidence that research studies support stress reap-
praisal, versus simply giving the explanatory elaboration of why
this could be useful.

“Several research studies have found that sharing mes-
sages like this can help people do better on exams — here
is the reference to one of them.

Brady, S. T, Hard, B. M., & Gross, J. J. (2018). Reappraising test
anxiety increases academic performance of first-year college
students. Journal of Educational Psychology, 110(3), 395-406.
https:// doi.org/ 10.1037/edu0000219”

Finally, to tackle the considerable challenge of helping students
retain and apply the intervention information during their exam,
we turned to the literature on behaviour change through reflec-
tive learning [18, 47] and designed two prompts that encouraged
students to consider how to apply this information moving forward.
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D5: Prompt to Reflect on How to Use the Information
During the Exam. Self-monitoring or generic prompts encourage
students to reflect and produce more coherent ideas than directed
prompts [13]. There have also been studies showing the benefits
of self-explaining through voice or writing [41]. Therefore, we
designed a self-monitoring prompt where students were told they
could talk out loud, type, or both.

“How can you use this information to perform well on
your exam? Explain out loud or type below, in your own
words”

Our goal was to prompt students to deepen their understanding
of the information by being active instead of passive.

D6: Prompts to Type out a Message to Look at Before the
Exam and Write It on Paper. To maximize information reten-
tion and chances of behaviour change during the exam, we asked
students to write a message that they could revisit before the exam.

“Write a message to yourself that you can look at right
before the exam, as a reminder of how to use this infor-
mation. Write this down on paper after”

We wanted to help students visualize what they could say to
themselves before the exam to further increase the chances they
remember the reappraisal message. It was less important whether
the students actually wrote it down.

These factors explored a complex set of design components,
but suggest many directions for other components that could be
explored in future research. We discuss some of these directions in
section 6.3. Each factor was presented in the same order as their
names, i.e. DO to D6. We chose this order because it illustrates the
design principles from prior work as a logical structure, i.e. having
the core reappraisal message at the very beginning, augmented
by some explanatory text specifying the underlying logic (or not),
some concrete steps for using the knowledge (or not), a video on
those steps (or not), a paper citation for added credibility (or not),
and finally, the two reflection prompts (or not). To evaluate our
design, we conducted two studies, as discussed in sections 4 and 5.

4 STUDY 1: USER PERSPECTIVES ON
INTERVENTION COMPONENTS

The first study was an exploration of user perspectives to charac-
terize the impact and trade-offs of including particular components
of the design. We conducted interviews with students where we
showed all the different components of the six design factors of
our online intervention interface. We asked users to reflect on each
component and share what they thought or felt as they read it, to
better understand the impact and trade-offs of including a particular
component of the design.

4.1 Participants

Our participants consisted of 20 students (14 women and 6 men)
aged 18 and above, from a large and diverse introductory program-
ming course. We recruited them through a call for participation
via email to students who previously expressed interest in research
activities. To gather diverse perspectives, we recruited students
from different years and disciplines. In terms of their year in the
program, ten participants (P2-6, P8-12) were starting their second
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year, six were going into their 3rd year (P1, 7, 13, 14, 17, 19), three
were in their 4th year (P8, 16, 18), and one just graduated (P15). Par-
ticipants were studying a range of subjects including Accounting,
Actuarial Science, Biology, Computer Science, Economics, Mathe-
matics, Physics, Physiology, and Statistics. Their diverse academic
backgrounds sparked rich, wide-ranging conversations about exam
stress that were not tied to viewpoints from a specific discipline or
year in the program.

4.2 Procedure

Participants attended the interview using online video conferencing
software. They completed a consent form and gave us permission
to record the session before starting. Each interview lasted between
45 and 60 minutes, and participants were compensated 15$/hr for
their time. The interviewer started with a brief conversation about
the participants’ past experience with exam stress to understand
any pre-existing notions they may have about whether stress is
good, bad or both. After this conversation, the participant was
asked to share their screen, and to go through every component
(D0-6)-first individually on separate webpages, so we could under-
stand how they felt about each component in isolation, and then
all on one webpage, so we could understand how they compared
components with each other. When going through the components
individually, we counterbalanced the order in which participants
saw the text (D2) and the video (D3) because we were interested
in understanding subjective user impressions immediately after
seeing each factor. As the participant went through the activity, the
interviewer asked them to think aloud and share any thoughts and
feelings as they arose. A silent notetaker was also present during
the interviews to write down observations.

4.3 Analysis

Our qualitative data consisted of interview transcripts that were
generated from the recordings, observation notes, and video record-
ings. We coded and analyzed this data using reflexive thematic
analysis [7] through an inductive lens, drawing from the rich the-
ory on stress mindset and reappraisal as a pre-existing code.

4.4 Findings

Our findings (F1-F6) indicate a clear need for reinforcing the core
reappraisal message presented in DO with the six design factors
(D1-6). We order them considering their prevalence in our data and
our judgement on their importance.

F1: A Short Stress-reappraisal Message on Its Own Is Not
Sufficient Enough to Convince Users.

“D0 is just a small sentence, I think. It is just conveying

a conclusion but we don’t know how this conclusion
came about. I don’t think that it is a good choice to
convey this idea on its own.” — P2

Based on comments from several participants (P1-4, 6, 8, 10-12),
we found that D0 alone is not sufficient for convincing users that
stress can be beneficial to them because user agreement with the
brief stress reappraisal message in DO largely depended on past
experience with stress. P1 and P2 noted how D0 was too short and
did not offer an explanation of how it reached the conclusion that
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stress can be helpful during exams. P3 and P4 mentioned that they
mostly agreed with D0 because of their past positive experience
with stress. F1 is further exemplified through comments from those
who did not initially agree with D0, such as P8, 10-12. After ex-
pressing disagreement, they described how past exams where they
experienced stress did not go well.

We also found that users could potentially misinterpret the mes-
sage in DO when presented alone because of how brief and counter-
intuitive it was. After reading the message, P6 said that they found
it a “bit weird because everyone would experience stress during
the exam” and “with the way DO is framed, it’s like we should try
to eliminate stress entirely”. The latter half of the comment clearly
shows that the user took away the exact opposite message to the
one we were trying to convey, i.e. not to eliminate stress but rather
to embrace it as being helpful. Furthermore, users also appeared to
have missed the point about timing. The stress reappraisal message
referred to stress during the exam. However, among those who said
they agreed with the message, such as P3, further discussion on
why they agreed with it revealed that they were thinking of stress
before the exam and how that stress helped them prepare better.

F2: Users Find Content That Is Described as Being Research-
based More Convincing,.

‘T think stress and anxiety are different, but having
read D1...it will be more convincing...because there is
research showing that this idea, this conclusion about
stress is not something that people just imagined, but
did research on to come to the conclusion.” — P2

A noteworthy element of the wording in D1 that stood out to
participants was that we mentioned how the suggestions contained
in the message were research-based.

As exemplified by P2’s comment above, participants felt con-
vinced by D1 because we mentioned that it was research-based. P2
felt convinced by D1 because it “summarizes research about stress
during exams”. Similarly, P1 said “knowing that this is research-
based...Idon’t think I would feel like it would be a bad thing”. They
even mentioned, “I think I would be grateful for a little bit of stress
when writing my exams”. P8 mentioned that their thoughts on anxi-
ety changed after seeing D1 “because research suggests that feeling
anxious during your exam could lead to better results actually. So I
am kind of questioning my actual personal experience”. P10 found
D1 to be a “definitely reassuring text” and P12 concurred, saying
the “whole paragraph was definitely comforting, especially since
it’s research-based encouragement”.

F3: Users Are Unlikely to Click on a Citation Link but They
Value the Added Credibility.

“T'would not click on links to research articles but maybe
news articles, for example, Globe and Mail...” — P1

Participants expressed mixed reactions to being presented with
a link to a research article (D4). Most of our interviewees were in
their second year of undergraduate studies, and likely had limited
exposure to reading research articles. While some students such
as P4 observed that “it’s an interesting study and it’s really recent
from 2018” and were able to summarize the key takeaways after
quickly skimming through the abstract, several participants such
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as P1, 2 and 11 appeared confused by the complexity of the writing.
P1 noted that they would prefer to read news articles: “I think I
would not click on links to research articles but maybe news articles,
for example, Globe and Mail...as long as they have a citation at
the bottom that links to something credible”. The last part of their
comment indicates that even if they may not necessarily want to
read a research article, they value having a citation link.

F4: Structuring Content as Listed Instructions May Help with
Recall.

“T will remember D2 because you have (1), (2), (3)...and
with numbers, it’s easy to remember. So this would be
much more useful for me during the exam.” — P5

D2 had some notable structural differences compared to D1, such
as being separated into multiple paragraphs (despite being roughly
the same overall length) and having concrete instructions listed
as numbered points. We found that participants such as P5, 6 and
12, noticed these structural differences and commented on them
without being explicitly prompted. P6 said “I do like how it’s put
into these strategic points” and shared that it’s harder to remember
things when you are stressed. P5 mentioned that having ideas as a
numbered list may help them remember the points during exams.

F5: Stressed or Lonely Users May Find Comfort in a Short
Talking-head Instructional Video.

“..when you are feeling extremely stressed, you don’t
even have the mind to read a paragraph.” — P8

We wanted to see whether the presentation modality (i.e. video
vs text) made a meaningful difference with regard to how partic-
ipants perceived the message. In D3, a faculty member read the
instructions from D2 in a talking-head video. P8 observed that
“when you’re feeling extremely stressed, you don’t even have the
mind to read a paragraph”, and that “you can always finish a video
that’s only 40 seconds”, suggesting that short videos may be easier
to consume compared to text when students are experiencing high
levels of stress. They also commented on how if the message is
“from your professor or examiner, you will definitely watch a com-
forting message like this” leading to “a better effect compared to
any text-formed message”. Adding to P8’s observation, P10 noted
that the video modality felt better because “having someone explain
it to you rather than just reading it makes a big difference as you
feel like you’re being guided through the stress”.

In addition to being stressed, users may also prefer a talking-
head video over text due to other factors related to mental health
such as feeling lonely. For instance, P5 mentioned that “if I have
been studying for several nights alone, and there’s nobody talking
to me, then I would prefer to watch a video like this. But if I'm
reviewing for the exam with my friends and I don’t feel lonely, I
would prefer the text form”. However, some students who are not
particularly stressed about exams in general, such as P1 and P12,
may not find talking-head videos appealing. P1 noted that having
instructions in text form was easier to follow because the video
had more “distracting” elements such as “his voice, his accent, and
gestures”, and P12 shared that reading the text allowed them to “go
through it at my own pace”, which felt much harder to do with the
video as it required pausing and rewinding.
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F6: Writing May Make Non-native English Users More Con-
scious of Grammar and Word Choice.

“When I'm typing, I'll pay more attention to getting the
right word, having the right grammar, and finding a
better word to explain.” — P3

When discussing the two reflection prompts in D5 and D6, we
found that several participants such as P2, P3, P5, and P7 preferred
speaking out loud over typing because they felt more comfortable
sharing rough ideas without worrying about grammar and word
choice. P2, who was an international student whose native language
is not English, noted that “when I type, it is kind of everywhere...I
will also choose to correct my grammar and will have to look up
certain words”. In contrast, when describing speaking, they said “I
will concentrate more on new ideas...I will just speak them...if Tam
writing them down, I may ignore the new ideas because I will (only)
write down the things that 'm sure of”. Similarly, P5 mentioned
that “when I'm typing, I would think in my first language, Chinese,
but I may have trouble translating my thoughts into written English.
But if I'm speaking, I won’t have time to translate things, so I would
just choose some other easy way to say what I am thinking”. Opting
for less complex vocabulary may be tied to worries about being
judged when writing, as hinted by P7’s comment: ‘I feel like you
wouldn’t be criticized that much for talking incorrect [sic] compared
to writing poorly”. Elaborating on the latter half of P2’s comment
about only writing ideas that they are sure of, P6 noted that when
talking out loud, they are more likely to share their “inner voice”
which has “much more content” that gets lost when typing.

Students who felt more comfortable with writing, such as P8, P9
and P11, did not feel like they would share different ideas when
speaking vs typing and described some advantages of the written
form. For instance, P8 noted that they would focus on the main ideas,
leaving word choice and grammar checks for the end. They also
mentioned that “writing something down and actually considering
your word choice would be a better way to remember everything”.
P11 preferred typing because they could “change” their words and
“be more organized”.

5 STUDY 2: LARGE-SCALE RANDOMIZED
FIELD EXPERIMENT

To further evaluate our design, we conducted a large-scale ran-
domized field experiment where we looked at the impact of the
intervention on exam performance, and whether there were any
differences in terms of how it affected students of different genders
and year of study. The results are summarized in figure 2.

5.1 Intervention Deployment

We embedded the stress intervention into an online course activity
(as an optional section) that was distributed to students during the
fourth week of class, about 10 days before an upcoming exam. This
activity was one of five graded activities that we asked students to
complete during the term, and students were given 2% of their final
marks after their completion. The other activities were unrelated to
stress reappraisal and contained multiple parts, meaning that our
intervention had to compete for students’ limited time and attention.
The inclusion of those other activities may add more noise to the
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Figure 2: The differences in average exam scores between the
control group and the intervention group at several levels.
From left to right, we do the comparison within all data, first-
year students, upper-year students, men, and women. The
error bars show the standard error of each group.

analysis of the stress intervention effect; however, we intentionally
randomized those activities and parts separately to minimize the
potential for inducing a fake effect as much as possible.

5.1.1 Participants. The intervention was deployed to 1283 under-
graduate students enrolled in an Introduction to Programming
course at a large research-intensive post-secondary institution in
Canada in the Spring 2020 semester. 59.8% of the sample were first-
year students, 22.8% second-year students, 9.3% third-year students,
5.3% fourth-year students, and 2.8% students in their fifth year or
higher. They came from various disciplines including the physical
sciences, natural sciences, social sciences, life sciences, humani-
ties, and commerce. 54.6% of students took the course to fulfill
program requirements, while 20.0% took the course as an elective.
An additional 25.5% of students took the course to fulfill general
education requirements or for other reasons. The gender identity
of students in the class was 46.5% male and 51.4% female; 0.2% of
students specified another gender, while the remaining declined to
answer. Student demographic data was collected from a voluntary
survey administered mid-semester. Note that all questions were
voluntary, so a different number of students may have answered
each demographic question.

5.1.2  Randomization. Students were randomly assigned to either a
control group, which did not receive the intervention or a treatment
group, which received the intervention. Those who were in the
treatment group saw the core stress-reappraisal message and a
random combination of one or more variants of additional content
illustrated in Figure 1. The randomization was automatic and dual-
anonymous. Neither the instructors nor the students had access to
the assignment policy. We chose a 2:1 split between treatment and
control due to ethical concerns and felt that it was not necessary
for us to exclude half the students from the potential benefits of our
intervention, given our large sample size. Balancing treatment and
control is usually preferred because they result in a higher power.
However, given that our sample size was sufficiently large, this was
not a concern for us.
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5.1.3 Data Cleaning. The intervention was delivered to 1284 par-
ticipants in total. 1014 of them clicked the intervention link and 931
participants completed it. 92 out of those 931 participants either
dropped the class or did not finish the midterm, leaving us with 839
participants. Of those 839, 175 finished the intervention late, i.e.,
after the midterm, and so we had to exclude them from our study
because they did not follow our experimental protocol. We allowed
late students to access the activity after the end date of our experi-
ment due to ethical considerations. We wanted to give students the
opportunity to receive a grade for completing the activity even if
their data was not useful to us for our research purposes. This gave
us our final count of 664 participants in the cleaned dataset.

5.1.4 Quantitative Analysis. To test whether the treatment group
outperformed the control group, we used one-sided independent
samples t-tests, with midterm scores as our dependent variable. We
also constructed linear regression models to see if adding one or
more sub-treatments affected the intervention outcome.

5.2 Field Experiment Results

Our quantitative analysis results are summarized in figure 2.

5.3 Effects on Exam Scores

We first compared the treatment and control groups by conduct-
ing a one-sided independent samples t-test. As shown in table 1
and figure 2 (‘All, control group’ vs. ‘All, intervention group’), the
stress-reappraisal intervention improved students’ midterm scores
significantly by 3.8 % (p-value = 0.003, Cohen’s d=0.25).

5.4 Result Validation

To verify that we did not randomly assign more higher-performing
students to the intervention group, thereby inducing a fake effect,
we used a bootstrap approach to estimate the probability of ob-
serving a similar event by chance. More specifically, from the 664
students in our cleaned dataset, we randomly placed 203 partici-
pants into one group (so that the number matches what we actually
have in the control group) and put the remaining participants in
another group. Then we calculated the difference between the aver-
age of these two groups and repeated this process 10,000 times to
calculate the chance that the absolute value of such a difference is
greater than what we observed in our true experiment, which was
3.84%. We found that the chance of this happening is less than 0.3%.

5.5 Subgroup Differences based on Gender
Identity and Year of Study

We also analyzed the differences in treatment effects based on
gender identity and year of study. As shown in table 1 and figure
2, the stress-reappraisal intervention had a significant effect on
first-year students (p-value = 0.02), while no significant effect was
observed for upper-year students (p-value = 0.27). Moreover, the
effect of the stress reappraisal intervention across different gender
identities is quite similar: the average improvement among men was
3.05. Among women, it was 2.91. On the other hand, the effect of our
intervention on first-year students was 4.54, which is considerably
higher than that for upper-year students, where we observed an
increase of only 1.21. These sub-group results, however, are mostly
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not statistically significant as we split the data into smaller subsets
and more than 100 participants chose not to inform us of their
gender identity or year of study.

We placed our data in a linear regression context to further
examine the significance level of the intervention effect in first-
year versus upper-year groups. The output variable for the linear
regression model is the midterm score, and the input variables are
‘received intervention’, ‘upper-year’, and ‘upper-year and received
intervention’. The results are not significant, and hence we do not
have enough evidence to claim that the effect of the intervention is
significantly different in the two groups.

5.6 Relative Effects of different variants

To assess the relative effects of the six different design factors, we
conducted a linear regression where the midterm score is the output
variable and the input variables are the six design factors: D1, D2,
D3, D4, D5, and D6. These factors indicate whether the participant
received a specific type of intervention. The regression was con-
ducted only on the data of the intervention group, and the estimates
measure the add-on effect of the six design factors, and not the in-
dependent effect of each factor as we cannot separate them from
our main intervention by design. For example, the interpretation of
the estimate of D1, which is -0.03, is: given that a student entered
the intervention group and received our main stress intervention,
the average additional influence on their midterm score if they also
received the design factor D1 is -0.03. As shown in table 3, we found
that including the design factor D4 can significantly reduce the ef-
fects of stress reappraisal intervention (p-value = 0.015), while all
other design factors show no significant individual effects within
the treatment group.

To check whether the number of interventions in a certain treat-
ment influences the treatment effect, we analyze the add-on effect
of including more design factors to the effect of the main interven-
tion. The linear regression result is shown in table 4, where the
p-value is 0.334. We also conducted an ANOVA test of the midterm
scores among participants in the intervention group that received
DO through D6. In this ANOVA test, we set the number of design
factors received as a categorical variable, so as to see if a certain
number of sub-interventions have a statistically significant differ-
ence among other possibilities. The p-value of the test was 0.43,
which is not significant. To ensure our analysis was robust, we
repeated the regression and the ANOVA analysis on data that does
not count D4 as a design factor or only on students who were in the
intervention group but did not receive D4. We removed D4 from
our analysis because it had a statistically significant and negative
effect. However, in any version of that analysis, such as with D4
included, the result is not significant.

To conclude, we found our main intervention had a positive and
statistically significant effect on students’ test performance, and
that we should be cautious about including potentially counterpro-
ductive design factors such as the reference link in the intervention.

6 DISCUSSION

In the following section, we begin by summarizing the key findings
of the two studies and underscore their relevance to intervention de-
signers. Then, we elucidate design implications tied to elaboration,
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Table 1: Summary of sample sizes, group means, Cohen’s d values and p-values from t-tests conducted between different groups.
Note that there are 113 students who did not indicate their genders and 107 students who did not indicate their school year.

Group Sample size Group mean Effect Size Cohen’sd p-value
All, control group 203 75.88 e
. . 3.84 0.252 0.003
All intervention group 461 79.72
F%rst-year students, f:ontrol group 94 75.82 454 0.283 0.022*
First-year students, intervention group 212 80.36
Upper-year students, f:ontrol group 80 78.43 121 0.085 0.27
Upper-year students, intervention group 171 79.64
Students who ¥dent%fy as men, .control group 77 77.59 3.05 0.208 0.09
Students who identify as men, intervention group 155 80.64
Students who identify as women, control group 93 76.54
. . . . 291 0.184 0.08
Students who identify as women, intervention group 226 79.45

* p-value <0.05; ** p-value <0.01

Table 2: Results of the linear regression model: midterm score
~Intervention + upper-year + upper-year and intervention.
The value of “Intervention” is 1 if the participant was in
the treatment group, and 0 otherwise; the value of “upper-
year” is 1 if the participant is an upper-year student, and
0 otherwise; the value of “upper-year and intervention” is
1 if the participant is a first-year student and was in the
treatment group, and 0 otherwise.

stress reappraisal idea. We also saw how content structured as listed
instructions was perceived favourably by participants because they
thought listed information would be easier to recall during the
exam (F4). We observed noteworthy subjective differences in users’
perspectives on the same information being presented as text or
video. Participants expressed a preference for instructional videos
in situations where they were stressed or lonely because they val-
ued the comfort and guidance afforded by a talking-head video
from their instructor (F5). Finally, we identified some differences

in how users express their ideas when writing or talking out loud,

such as focusing more on grammar and word choice when typing,

Estimate Standard Error p-value
(Intercept) 75.82 1.58 <0.0001
Intervention 4.54 1.89 0.017*
upper-year 2.61 2.32 0.26
upper-year and intervention -3.33 2.80 0.24

and expressing more ideas when speaking (F6).
In Study 2 (described in section 5), we found that our design had
a significant positive effect on exam scores (p = 0.003, d = 0.252)

* p-value <0.05

modality, prompts, timing, and target audience. Finally, we describe
opportunities for future research and outline the limitations of our
work.

6.1 Key Findings

Online eustress interventions that help students embrace the positive
aspects of stress to focus and perform better on exams have great
potential, but it is less clear how designers and researchers can make
specific decisions about the digital delivery of such information to
students. To address this issue, we explored six design factors (D1-
D6) that embody components for online interventions that are brief,
voluntary, and scalable, and work by reinforcing a core reappraisal
message (D0) through a layered approached. We systematically
evaluated our designs through two studies:

In Study 1 (described in section 4), we thematically analyzed in-
depth interviews with 20 participants to derive six findings (F1-F6)
that underscore the need for reinforcing the core message using var-
ious sources and methods. We found that a short stress-reappraisal
message, while powerful, isn’t sufficient for convincing users (F1)
and that users valued research-based guidance and encouragement
(F2). Users also shared that while they were unlikely to click on
a paper citation link, they often considered the mere presence of
the citation as an indication of increased credibility (F3) for the

in a large programming class. Our subgroup analysis indicated
a significant effect for first-year students but not for upper-year.
We did not detect significant gender differences. In F3 from Study
1, participants expressed that they found the presence of explicit
paper citations to be more credible. In contrast, in the analysis of
the relative effects of our design factors in section 5.6, we found
that including the paper citation can significantly reduce the effects
of stress reappraisal intervention (p-value = 0.015), while all other
design factors show no significant individual effects within the
treatment group. Therefore, we caution instructional designers
when considering whether to include similar design components
which involve external links. We suspect that participants who
clicked the link may have become distracted. Furthermore, the
perception of increased credibility does not automatically translate
into increased internationalization of the reappraisal message. The
significant and positive impact on exam performance was especially
surprising and remarkable because participants spent on average,
only three minutes on the intervention. We validated our results
using a bootstrap approach described in section 5.4.

6.2 Design Implications

In this section, we synthesize our findings into five design implica-
tions that are tied to the value of additional elaboration, presenta-
tion modality, reflection prompts, timing, and target audience.
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Table 3: Results from the linear regression model where the midterm score is the dependent variable and D1 to D6 are predictor
variables. The value of ‘Di’, where i = 1, 2, 3, 4, 5, and 6, is 1 if the participant is in the intervention group and received the
design factor i as one of the interventions. We only look at data in the intervention group and all the estimates are measuring
the add-on effect of the six design factors upon the main effect. Each participant can receive multiple design factors.

Estimate Sample Size Standard Error p-value
(Intercept) 81.05 664 1.79 <0.0001
D1: Summary Text -0.03 233 1.34 0.98
D2: Listed Instructions -0.47 229 1.33 0.72
D3: Video Instructions -0.88 226 1.33 0.51
D4: Link to Paper -3.27 230 1.33 0.015*
D5: Self-Explanation 1.68 241 1.34 0.21
Dé6: Note to Self 0.21 231 1.32 0.87

* p-value <0.05

Table 4: Results from the linear regression model where the
midterm score is the dependent variable and the number of
interventions is the predictor variable. We only use data from
the intervention group. The number of interventions is the
total number of design factors received by the participant.

Estimate Standard Error p-value

(Intercept) 81.32 1.78 <0.0001
Number of interventions -0.53 0.55 0.334

6.2.1 Additional Elaboration: Providing More Information
versus Preserving Focused Attention. Firstly, a key question
that designers should consider is the trade-off between adding more
information to ensure students understand and apply the concept
(explanatory context in D1, concrete suggestions in D2), and the
limits on attention and the potential visual clutter, given that stu-
dents spent an average of only 3 minutes on this intervention. Our
findings from the first study on exploring user perspectives showed
the value of having additional elaboration as many students found it
useful to have the research-based explanatory elaboration from D1,
and some who were more skeptical appreciated seeing the citation
from D4, even if they may not necessarily click to read a long re-
search paper. Students also felt that having actionable instructions
as a list in D2 would make it easier for them to remember how to
apply the intervention during the exam. Therefore, instructional
designers wishing to incorporate similar mindset interventions
that are counter-intuitive can take a multi-pronged and layered
approach to convince their students of the idea by making ample
use of research-based encouragement in their content.

6.2.2 Presentation Modality: Delivering the Same Text as a
Simple Video. Secondly, a simple video reading the same exact
text from D3 is valued by students because they can see a person ex-
plaining why they should believe in the message and how to apply
it. Designers might consider including such simple conversational
videos as students shared that they felt guided through the stress
reappraisal information when presented in video form, especially
when feeling stressed (F5). This latter point about feeling stressed is
important because, in situations where participants may not be pre-
disposed to consuming content in a certain medium, intervention
designers can help learners by offering the same information in a

different form. This can also have the added benefit of improved
accessibility.

6.2.3 Reflection Prompts: Internalizing and Applying Eu-
stress to Everyday Life. Thirdly, one insight was that the reflec-
tion prompts guide students to think through how to apply the
eustress intervention to everyday life, and that is certainly possible.
A reflective learning approach helps in addressing a key challenge
for instructional designers, which is to help learners retain and
apply intervention content after finishing the activity. Therefore,
we encourage intervention designers to consider how to augment
their activities with reflective exercises, especially near the end of
their interventions.

6.2.4 Intervention Timing: Delivering Interventions when
Learners are Most Receptive. Moreover, during the interviews,
certain students mentioned that they were less likely to go through
such activities closer to the exam because, around that time, they
would rather focus on exam content as they are worried about
finishing the syllabus. Such comments signify the need for inter-
vention designers to consider the tradeoff between delivering the
information closer to the exam so they remember the intervention
content, and the need for students to focus on other things that
compete for their limited time and attention.

6.2.5 Target Audience: Eustress interventions may be more
helpful to first-year students. Finally, in the analysis of our field
experiment results in Study 2, the intervention had an overall pos-
itive significant effect on exam performance. However, when we
conducted the subgroup analysis for first-year vs upper-year stu-
dents, we only observed a significant effect for the first-year group.
This finding is in alignment with prior work on stress reappraisal
[6]. Certain comments from participants hinted at some plausible
reasons as to why we observed this difference: students in their
first year may be more stressed as they just transitioned from high
school to university education, which can be challenging for many.
Furthermore, first-year students may also be more receptive to
adopting new exam strategies whereas students in more senior
years may have already formed strong opinions on how to best
tackle exam stress. Intervention designers can therefore benefit
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from analyzing subgroup differences when evaluating their inter-
ventions, such as any difference between first-year and upper-year
students.

6.3 Future Work

The content of our intervention as fully described in section 3.2,
did not contain any references to course-specific materials, and as
such can be easily generalized to other courses, and thus, this work
can inform several directions for future research in the expansive
design space for online eustress interventions. Firstly, from our ex-
ploration of the value of additional elaboration, we saw that users
like articles or activities that are framed as being "evidence-backed"
but may be less likely to explore the papers linked in the citations.
We also found in the field experiment that the citation link had a sig-
nificant and negative add-on impact in our analysis of the relative
effects of each design factor. Future work can explore the specific
contexts in which such an observation holds or does not hold, and
whether certain student populations are more or less inclined to
accept a research-based framing. Secondly, when varying presenta-
tion modalities, we saw the promise of offering the same content
in a different format. Our video consisted of one individual deliv-
ering a particular message, and it is hard to know what properties
would generalize to other settings. Future work can explore what
dynamics affect how students react to reappraisal messaging in the
video form, such as how students respond to pop-up messages on
eustress when presented as in-video prompts [43] for them to do
something during or after they watch the video, as well as other
kinds of visualizations of the reappraisal message, such as the pres-
ence of other agents in the video including past students instead
of an instructor. Thirdly, we saw how adding reflection prompts
at the end of mindset interventions may help learners retain the
message. Future work could examine if asking students to explain
by recording a voice message helps them internalize the reappraisal
information. Students could also be asked to record a voice or a
video message to themselves that could then be sent by email or
text at a particular time. These examples illustrate how our work
can help suggest future directions for designs that explore how we
might send these messages at the right moment, in the right format
in a way that engages people in receiving reappraisal messaging to
change their mindset and behaviour through technology-mediated
online interventions. Finally, a more detailed exploration of how
such online interventions can be integrated within different con-
texts such as in-person vs remote learning can further inform the
design of future eustress interventions.

6.4 Limitations

Replications of our approach can be further strengthened by in-
cluding pretest and post-test performance measures, i.e., having
student test scores from an initial test compared to performance
on a second test with the intervention in between. Furthermore, if
there are multiple opportunities for testing performed at different
time points after the intervention is deployed, those tests can help
inform whether there is a sustained impact of such interventions
or if it is a single impact that needs boosting. In our case, the final
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exam was cancelled due to COVID-19 when we deployed our inter-
vention. As a result, we only had the midterm scores as a post-test
measure.

It is possible, though not likely, that we randomly assigned
higher-performing students to the intervention group. However, to
check for this, we used a bootstrap approach and found that the
chance of getting a similar or more significant event by randomly
splitting students into two groups is less than 0.3%. It is also possi-
ble that higher-performing students have less stress and therefore
perform better on exams, and stress may not be equally distributed
across all performing levels of students.

Our intervention was accessible through a web page in a field
setting. This setup maximized the ecological validity of our results.
At the same time, it led to complex implementation issues that we
tried to minimize, such as accounting for page refreshes by setting
up our randomizer such that if participants’ reloaded the activity,
they would remain assigned to the same experimental group (i.e.,
either control or intervention) through browser caching. However,
a small percentage of participants ( 1.7%) loaded and completed
the activity from more than one device (e.g., by doing it from their
phone after seeing the announcement and then doing it again on
their laptop). These participants were inadvertently labelled as
being in both the control group and the intervention group by the
randomizer. However, because they saw the intervention, they were
of course no longer part of the control. We factored this into our
analysis by treating those participants as being in the intervention
group. We reassessed whether our decision to leave this small
percentage of participants in the intervention group induced an
artificial effect by rerunning the analyses with those participants
excluded. The results remained similar to our current analysis, e.g.,
the main effect remained significant (p = 0.018).

7 CONCLUSION

Our work presents an approach for designing effective interven-
tions for shifting student attitudes of exam stress towards eustress.
We explored the design space for online stress reappraisal inter-
ventions that were brief, voluntary, and scalable. We conducted
two studies to explore design dimensions that varied in the lev-
els of elaboration, presentation modality, and the use of reflection
prompts. We instantiated these dimensions using six design factors
(D1-6) that reinforce a core reappraisal message (D0) and evalu-
ated these factors through both semi-structured interviews with
20 students, and a randomized field experiment deployed to over
1200 students in a real-world programming course. The interviews
yielded practical insights into the relative importance and impact
of factors on different students in different contexts, such as when
text versus video presentation might be effective, what kinds of ad-
ditional information are compelling versus burdensome, and what
kind of interface prompts for students are more or less impactful
in helping them retain and utilize the reappraisal messaging. These
dimensions can be used to generate an expansive space of design
variables that can be explored in future work: from the modality of
videos that incorporate various visualizations, reflective activities
such as students’ recording voice and video messages for their fu-
ture selves, to adaptive delivery systems that target message timing
to the right moment and mental state. Although students only spent
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an average of 3 minutes on the intervention, our field experiment
revealed that combinations of the six design factors were powerful
enough to boost the class average exam score from 76% to 80%,
which is equivalent to an increase from a B to an A- in the grading
scale used by the course where we deployed our study.!
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