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ABSTRACT 
Many students underperform on exams due to experiencing 
high test anxiety. We report on a study comparing a novel 
intervention of seeking support from one’s social network 
to the more common approaches of expressive writing and 
studying task-relevant materials for simulated open-ended 
test questions. We measured in-the-moment (state) anxiety 
before and after each intervention, and correctness of the 
solutions. We also surveyed students to learn about their 
perceptions of the interventions. Our results showed that 
social support decreased the anxiety of high test-anxious 
students by 21% with the reduction in anxiety correlating 
with the number of messages received. Social support also 
allowed high test-anxious students to score at the level of 
low test-anxious students. Expressive writing showed a 
similar effect, but increased the anxiety of low test-anxious 
students by 61%. Studying task materials had no effect on 
anxiety and high test-anxious students performed worse 
than low test-anxious students. Despite benefiting from 
social support, we found that students were uncomfortable 
soliciting support from their online social network. 
Realizing the benefits of this approach may therefore 
require different formulations of social support in practice. 
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INTRODUCTION 
Students who experience high levels of test anxiety perform 
worse on exams [37], and struggle with absent-mindedness, 
feelings of sickness, and irrelevant thinking [10, 34]. High 
test anxiety can also have adverse long-term effects on 
grade history, general anxiety, and classroom behavior [1].  

 

 

 

 

 

 

Test anxiety may be particularly acute for students taking 
exams with open-ended problems. These types of problems 
introduce more uncertainty over how to approach solutions, 
the constraints must be quickly understood, mistakes made 
early can inhibit later choices, and it is more difficult to 
guess a correct solution [41]. Open-ended problems are 
often encountered on exams in computing, among other 
disciplines. Here students must not only address the 
challenges of solving open-ended problems, but must also 
manage the uncertainty related to the use of the 
programming tools required to construct the solution (e.g. 
compilation or runtime errors).  

HCI and related research offer several possible approaches 
to reduce test anxiety during exams. One approach is to 
provide test anxious students with social support. For 
instance, prior work has shown that facilitating group 
discussions before an anagram task increased the number of 
correct solutions for students with high test anxiety [37]. A 
second approach is the use of expressive writing. 
Expressive writing is a form of therapy where people write 
about a past incident by recording their thoughts and 
feelings [32]. Ramirez and Beilock showed that expressive 
writing increased exam scores for high text anxious 
students for a multiple choice test [34]. However, these 
approaches have never been empirically compared, and 
neither has been tested for open-ended exam questions. 

We report on a study investigating a novel application of 
social media for reducing test anxiety. Students posted a 
request for encouragement to their online social network 
(Facebook) and read the responses prior to solving open-
ended programming problems. We compared this approach 
to the widely studied anxiety intervention of expressive 
writing and a control condition (N=88). In the expressive 
writing condition, students wrote about their thoughts and 
feelings regarding the tasks they were about to perform. In 
the control condition, students read task-relevant material to 
simulate common student behavior of reviewing course 
notes before an exam. An incentive scheme was applied to 
further simulate the stress of an authentic exam situation. 
We measured in-the-moment (state) anxiety before and 
after each intervention, and the correctness of the 
programming solutions. The Cognitive Test Anxiety scale 
was used to categorize high and low test anxiety students. 
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Students were also surveyed to learn about their perceptions 
of the interventions used. 

Our study produced three main findings. First, our results 
showed that reading supportive messages decreased the in-
the-moment (state) anxiety of high test-anxious students by 
21%. Supportive messages also allowed the high test-
anxious students to achieve scores on the programming 
tasks that were similar to that of low test-anxious students. 
Second, we found that the number of messages received 
was positively correlated (r2=0.30, p=0.002) with the 
reduction in anxiety, while less substantive interactions, 
such as ‘likes’, had a non-significant correlation (r2=0.10). 
However, our qualitative results showed that students were 
reluctant to solicit supportive messages from their own 
social network. Therefore, realizing the benefits of this 
approach may require exploring different formulations of 
social support in practice. Third, we found that expressive 
writing also allowed high test-anxious students to perform 
similarly to low test-anxious students. However, this 
intervention increased the state anxiety of low test-anxious 
students by 61%. Taken together, our results advocate for 
the use of a social support intervention for those students 
who generally experience high text anxiety. 

Our work makes three contributions to the CHI community. 
First, our results provide empirical understanding for using 
a social media intervention to lower anxiety and increase 
performance on a simulated exam. Second, we report how 
the appropriation of social media for anxiety reduction 
compares to the more widely studied approach of 
expressive writing. Third, we extend prior work on test 
anxiety interventions to open-ended programming 
problems. We believe these contributions can be applied to 
help students perform better in evaluative situations. 

RELATED WORK 
We describe test anxiety and situate the choice of measures 
in our study. We also describe how social support and 
expressive writing have been used to reduce anxiety for 
various tasks, and situate these methods in the context of 
other possible anxiety interventions. Last, we describe the 
unique characteristics of open-ended questions on exams.  

Measures and Studies of Test Anxiety 
Test anxiety is a combination of physiological and 
emotional responses that occur while preparing for and 
during testing situations [1]. It has been found to negatively 
correlate with scores on achievement tests, problem-solving 
and memory tasks, course grades, and cumulative GPA 
[18]. When test anxiety is reduced, increases in aptitude and 
standardized tests, as well as GPA have been observed [18].  

Previous studies have found that between 25-41% of 
students experience test anxiety, with higher numbers 
reported in women and students of color [1, 27, 33]. 
Another recent study found 22% of high test-anxious 
students have no method of coping with it [15]. High test-
anxious students display strong fears of negative evaluation 

and lower levels of self-esteem [18]. They also show an 
increase in the number of distracting thoughts and test-
irrelevant thinking when in a testing situation [5, 20, 37]. 

In our study, we chose two methods to measure anxiety. We 
used the Cognitive Test Anxiety scale (CTA) to measure 
test anxiety. CTA has a rich history of being used to 
measure the cognitive aspects of test anxiety including task-
irrelevant thinking and lapses in attention [10]. We also 
used the State Trait Anxiety Inventory (STAI) form. The 
state portion of the STAI is used to measure anxiety in the 
moment while the trait portion is used to measure anxiety of 
the person [43]. Many other measures of anxiety and test 
anxiety exist [6, 11, 36, 38, 39]. However, we chose the 
CTA and STAI because they have been validated and are 
relatively straightforward to administer. 

Social Support 
Social support is defined as an “interpersonal transaction in 
which one can rely on others for information, help, and 
advice” [30]. It consists of several categories, including 
emotional support (e.g. encouragement, sympathy, love), 
instrumental aid (e.g. providing material aid or behavior 
assistance), companionship (e.g. spending time with others 
during leisure time), and informational support (e.g. 
guidance) [40]. CHI researchers have examined the effects 
of social support in education. For example, Saerbeck et. al. 
showed that a socially supportive robot helped children 
score higher on a language test and report higher intrinsic 
and task motivation than children in a neutral condition 
[35]. Kao and Harrell showed that an encouraging message, 
such as “You’re doing well,” shown while participants were 
playing a STEM learning game improved the experience of 
the game for players [22]. Other researchers in the HCI 
community have examined how social media is leveraged 
for support when experiencing life events, such as gender 
transition or job loss [9, 16]. Online health communities 
have also been investigated as a source of social support 
[26, 29, 46]. For example, Newman et al. studied how 
seeking social support in online health communities and 
social networks can provide emotional support, 
accountability, and motivation [29]. Wang et al. found that 
members of online health communities who receive 
emotional support participate longer than members 
receiving only informational support [46]. 

Researchers in the behavioral sciences have begun to study 
the impact of social support on test anxiety. For example, 
Sarason showed that students who participated in either a 
group discussion or overheard a supportive message 
directed toward another student before completing an 
anagram task, scored higher than students that did not 
participate in the discussion or overhear the message [37]. 
These effects were even more favorable for high test-
anxious students. Additionally, Kimbler showed that a 
single emotionally supportive message before completing 
the Everyday Problem Solving Test reduced the number of 
distracting thoughts participants experienced and increased 
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task performance [23]. The buffering hypothesis offers one 
explanation for how these beneficial effects are realized; 
social support reduces the negative emotions that occur 
when appraising an evaluative situation [12]. 

In our study, we synthesize and extend these threads of 
prior work by developing a novel intervention for test 
anxiety reduction where students request social support by 
leveraging their online social network. Our work is also 
original in that it compares this and two other interventions 
for anxiety reduction for open-ended programming tasks. 

Expressive Writing 
Expressive writing has been widely studied as an anxiety 
reduction technique. McKeachie, Pollie, and Speisman 
conducted early research on reducing anxiety during 
classroom exams. By studying student performance on a 
multiple-choice psychology exam, they found that student 
scores increased when the problems contained sections for 
writing comments about the exam. They attributed this 
performance increase to a decrease in anxiety [28]. 

Other researchers showed that writing about one’s thoughts 
and feelings before arithmetic problems or an exam 
increased math accuracy and exam scores, respectively, for 
students when compared to students who were asked to 
think about task-irrelevant topics before the same 
evaluation. The expressive writing task was shown to be 
especially beneficial for students with high test anxiety or 
high math anxiety [31, 34]. Lang used a writing exercise to 
heighten student self-perceptions of their knowledge. The 
writing exercise increased the scores of high test-anxious 
high school students on an intelligence test, while lowering 
the scores of low test-anxious students [25]. A proposed 
theory for this effect is that writing about worries before the 
task unburdens working memory during the task, making it 
available to focus on the evaluative task [31].  

This prior work shows that expressive writing can reduce 
student test anxiety. However, the research on expressive 
writing as a test anxiety intervention focuses on its use in 
forced-choice problems. Our research extends the study of 
an expressive writing intervention to open-ended problems 
where there is more uncertainty related to solution 
generation [41]. We also compare expressive writing to 
social support and reading task-related materials for anxiety 
reduction, and analyze student perceptions of these 
interventions. 

Other Anxiety Interventions 
There are approaches for anxiety reduction beyond social 
support and expressive writing. One approach is to work 
with a trained professional on relaxation and desensitization 
procedures [14, 49]. Hembree’s meta-analytic study found 
that this approach reduces anxiety but found mixed results 
for increasing cognitive performance [18]. Another 
approach, cognitive behavioral therapy, can also be 

effective for decreasing test anxiety and raising test 
performance [18]. These two approaches are helpful for 
those experiencing severe anxiety, but the drawback is that 
they require working with a trained professional. A third 
approach is to modify the exams, such as adjusting item 
difficulty order or integrating humor into exam questions 
[6, 13, 49]. The generalizability of this approach is unclear, 
however, since it relies on individual interpretations of 
difficulty or humor.  

Of the possible approaches for anxiety reduction, we chose 
to compare social support and expressive writing, in 
addition to a control condition, in the current study. We 
chose these approaches because they have been shown to be 
effective for anxiety reduction in other task situations, can 
be widely applied through technology, and can be 
implemented without training or a trained therapist. 

Anxiety and Open-ended Questions 
Prior work on test anxiety interventions focused on forced-
choice questions. Though often used, the limitations of this 
format include the inability to effectively assess problem 
solving and creativity [4, 17]. In contrast, open-ended 
questions are considered to better measure these attributes 
but students perceive increased anxiety and uncertainty 
when solving them [42, 48]. For example, Zeidner showed 
that students found open-ended essay exams more difficult, 
complex, and anxiety provoking than multiple-choice 
exams [48]. Additionally, Schmidt and Crocker showed that 
low test-anxious students performed better on open-ended 
exams and high test-anxious students performed better on 
multiple-choice exams [42]. Lastly, Deloatch et al. showed 
that students report moderate to high levels of anxiety when 
solving open-ended programming problems on exams and 
21% of students reported having no method of coping [15]. 
Our motivation for using open-ended programming 
problems was due to our interest in computer science 
assessment and the paucity of literature on the effectiveness 
of anxiety reduction techniques to help students solve open-
ended problems. 

RESEARCH QUESTIONS 
The goal of our study was to answer the following research 
questions:  

1. How do social support and expressive writing affect the 
anxiety experienced by students prior to an exam 
situation? 

2. How does the level of student anxiety relate to the 
correctness of programming solutions on an exam? 

3. How do students feel about seeking social support or 
expressive writing to reduce anxiety prior to an exam?  

With these questions, we want to produce empirical 
knowledge for how to reduce student anxiety and increase 
performance for exams with open-ended problems.  
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METHOD 
To answer these research questions, we performed a single 
factor between-subjects controlled experiment. The factor 
was Anxiety Intervention (social support vs. expressive 
writing vs. control). Participants were randomly split into 
groups representing each condition. Next, we describe the 
participants, programming tasks, interventions, and 
measures. 

Participants 
Participants were recruited via an email sent to all 
undergraduate students in the computer science department 
(1,235) at a large mid-western university. Additionally, an 
instructor sent an email to all students currently enrolled in 
a Spring 2016 Data Structures course (600). Participants 
enrolled in the course received extra credit whereas other 
participants received $10. Additionally, participants were 
entered into a multi-winner lottery for $100. In total we had 
88 participants complete all parts of the experiment. 

Our participants were 78% men, 20% women, with 2% not 
responding. Most participants (94%) were enrolled in the 
Spring 2016 Data Structures course. Participants were 
mostly engineering students majoring in computer science 
(52%), computer engineering (16%), and electrical 
engineering (7%). Just over half (51%) of participants were 
in their first year, 30% in their second year, 14% in their 
third year, and 5% in their fourth year. About one-third 
(31%) of participants reported having previously used 
Facebook to request encouragement from their social 
network. 

Programming Tasks 
The two programming problems chosen for this study 
included a binary tree task and linked list manipulation and 
were to be completed in C++. For the first problem, 
participants were asked to write a function that returns the 
number of nodes in a binary tree that have exactly one 
child. This problem was selected because it used concepts 
of recursion and data structures that students in our 
curriculum were expected to be familiar with. The second 
problem was a modification of a question from a prior 
midterm in the course. It required participants to write a  

function that removed nodes from a singly linked list if the 
node’s string data element was longer than a given 
threshold. The function had to return the number of nodes 
removed and the resulting changed linked list. These two 
problems had many viable solutions in terms of memory 
efficiency, complexity, and choice of language constructs. 
No two participants produced identical solutions to either 
problem. Participants were provided with a source code text 
editor with the ability to compile and run their code. We 
estimated that students were expected to complete each 
problem within 20 minutes, so we provided participants 
with 40 minutes to complete the two problems. A pilot 
study revealed participants believed the problems were 
appropriate for their level of knowledge and that the 
amount of time provided was adequate.  

Anxiety Interventions 
Our study compared two interventions, expressive writing 
and social support, and a control condition of reading task-
relevant information. The interventions were administered 
prior to participants performing the programming tasks. For 
expressive writing, following the procedures described in 
prior work [31, 34], participants were given the prompt 
shown in Figure 1 and wrote their response into an online 
form. Participants in the social support condition adapted a 
template message and posted it to their Facebook timeline 
the day before the experiment (see Figure 2). They were 
informed that just prior to the experiment, they could view 
the likes, comments, and private messages associated with 
their post. Participants were instructed to refrain from 
viewing the responses until they arrived for the study. We 
chose to implement social support using a social media 
platform because the approach is scalable, accessible, and 
fast; features which we believe would increase the 
likelihood that students would use this approach in practice 
and receive timely responses. We chose Facebook since it’s 
network is based on social relationships. In the control 
condition, participants read general information regarding 
computer programming data structures before completing 
the programming tasks. The control condition was intended 
to simulate common student behavior of reviewing course 
material immediately before an exam. 

Procedure 
After informed consent, participants completed an online 
form asking about their years of programming experience, 
C++ experience, and gender. In addition, participants  

Please take the next 7 minutes to write as openly as 
possible about your thoughts and feelings regarding the 
programming problems you are about to perform. In your 
writing, I want you to really let yourself go and explore 
your emotions and thoughts, as you are getting ready to 
start the problems. You might relate your current thoughts 
to the way you have felt during other similar situations at 
school or in other situations in your life. Please try to be 
as open as possible as you write about your thoughts at 
this time. The text you write will only be viewed in 
aggregate and your response will not be evaluated. When 
the timer at the bottom expires you will move to the next 
page. Please start writing.  

Figure 1. Prompt for the expressive writing condition. 

Hi friends, I need your encouragement. I will be 
competing in a computer programming challenge on 
Monday. I will have the opportunity to view comments and 
likes you put on this post during the challenge. I will also 
be able to see private messages. I won’t be able to 
respond to any of your messages at that time, but I will be 
able to read them. Any supportive comments would be 
great to see. 

Figure 2. The template text participants in the social support 
condition adapted and posted to Facebook. 
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completed the Cognitive Test Anxiety instrument and the 
trait portion of the State-Trait Anxiety Inventory (STAI).  

Participants were also asked about their willingness to post 
a message to Facebook as part of the study and if they have 
ever used Facebook to solicit social support. Finally, 
participants completed a five-question multiple choice pre-
test without any outside assistance. The pre-test focused on 
basic data structures, runtime complexity, and C++ syntax. 
The pre-test was used to ensure participants had a basic 
understanding of programming.  

Participants assigned to the social support condition were 
asked to adapt a template message and post it to their 
Facebook timeline (Figure 2). They were informed that they 
could modify the text to fit their style, but any modification 
should still convey the message of when the programming 
task occurs, that they will have the opportunity to read the 
responses, and that supportive comments would be valued.  

Upon arriving at the study location, our experiment 
followed the process shown in Figure 3. An experimenter 
instructed participants that they would have forty minutes to 
complete two programming problems and described the 
remuneration. The experimenter then presented a scenario 
designed to induce increased anxiety. Participants were 
informed that they would receive an additional $100 for 
earning a perfect score on the programming problems and 
$10 if each member of their assigned group, determined by 
arrival order, scored at least a 75% score on the problems. 
We believe this created an increased anxiety scenario due to 
previous work on simulating exam situations by using 
monetary incentives along with pressure to perform well 
relative to peers [34]. A pilot study also revealed that 
participants reported feeling increased anxiety if they could 
see the members of their group working and if they thought 
that they should be able to complete the problems. Thus, 
groups were assigned in view of participants and they were 
told that the programming problems were based on their 
expertise as measured by the pre-test problems. 

After hearing this information, participants logged on to a 
lab computer and worked in view of other participants. This 
design was also employed to mimic authentic exam 
situations where students can see each other when working. 
In the lab, students first completed the state portion of the 
STAI to obtain a pre-condition state anxiety measurement. 

 
Figure 3. A summary of the experimental procedure. 

Participants were briefed and completed the state anxiety 
form. Participants then performed the assigned intervention 
and completed the state anxiety form again. The coding tasks 

were then performed, followed by a survey. 
 

Figure 4. The task relevant information read by participants 
in the control condition. 

 
Figure 5. The user interface and prompt for the expressive 

writing condition. Participants read the prompt and entered 
their response. 

 
Figure 6. An example Facebook Timeline post made by a 

participant in the social support condition. The post was made 
to Facebook to elicit encouraging responses from friends. 

Names were redacted for anonymity. 
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Participants then performed a seven-minute intervention 
based on the assigned condition. Control group participants 
read relevant material on data structures and answered three 
questions about the text (Figure 4). Participants in the 
expressive writing condition were presented with the 
interface in Figure 5 and typed their response. Participants 
in the social support condition viewed the comments, likes, 
and private messages they received from their prior post. 
They were asked to report the number of responses received 
and which response made them feel most supported. An 
example post with responses is shown in Figure 6. As a 
manipulation check, participants reported their perception 
of how supportive the responses to the post were.  

After completing the intervention, all participants 
completed the state portion of the STAI again to obtain a 
post-intervention measurement. Participants were then 
presented with two programming tasks and had 40 minutes 
to complete them. Afterward, participants completed a 
survey that focused on their perceptions of how the control, 
expressive writing, or social support activity affected their 
anxiety and if they would perform a similar activity before 
a course exam.  

Measures 
The Cognitive Test Anxiety scale (CTA) and the State Trait 
Anxiety Inventory (STAI) were used to measure participant 
cognitive test, state, and trait anxieties. The CTA is a 27-
item questionnaire that focuses on behaviors before and 
during testing, including task-irrelevant thinking, making 
comparisons to others, and lapses in attention. It ranges 
from 27 (lowest anxiety) to 108 (highest anxiety). Previous 
studies classify a sample of participants as low or high test-
anxious based on scoring in higher or lower percentiles [10, 
34]. The STAI measures state (of the moment) and trait (of 
the person) anxiety with two twenty-item questionnaires. 
Each questionnaire ranges in score from 20 (lowest anxiety) 
to 80 (highest anxiety). Due to experimenter oversight, the 
state portion of the STAI was measured using nineteen of 
the twenty items, adjusting the range from 19 to 76.         
We believe the effects of this omission on our data to be   
inconsequential. 

The final survey consisted of two five-point Likert scale  
questions: “[Intervention] helped reduce my stress or  

anxiety” and “I would [intervention] before a course exam,” 
where [intervention] reflected the condition. The questions 
ranged from 1 (Strongly Disagree) to 5 (Strongly Agree). 
We asked participants to explain their rating. Our goal was 
to gauge student perceptions of the assigned anxiety 
intervention. The open-ended responses were partitioned 
into idea units. Thematic codes were assigned to each unit 
on an initial pass, and subsequent passes were made to 
group similar themes into more abstract categories until 
they were reasonably exclusive. The programming 
problems were scored using input test cases and ranged 
from 0-100, with both problems weighted equally. 
Evaluations were performed blind to condition. 

RESULTS 
ANOVAs confirmed that participants in each condition did 
not differ for their initial state anxiety, C++ experience, 
cognitive test anxiety, trait anxiety, and pre-test scores. 
Additionally, we found that the CTA, state, and trait anxiety 
metrics had moderately positive correlations, as expected, 
and are reported in Table 1.  

A Wilcoxon signed rank test revealed that participants in 
the social support condition found the responses they 
received to be supportive, (µ=4.62, σ=0.82, p < .001, 
d=2.80), confirming our manipulation and corroborating 
prior work [7]. The average number of likes, comments, 
and private messages per post were 41.8, 12.5, and 1.38, 
respectively. 

Figure 7 shows the state anxiety of participants before and 
after the assigned anxiety intervention. From the plots, we 
saw that participants in the control group were largely 
unaffected by the task relevant reading activity. They also 
show that participants in the social support and expressive 

    

Figure 7. State anxieties before (X-axis) and after (Y-axis) the assigned anxiety interventions. The graphs show results for the 
control (left), expressive writing (middle), and social support (right) conditions. The dotted line indicates perfect correlation and 

the solid line is the regression line for the data (R2=0.8; 0.1; 0.61, respectively). 

 CTA Trait State 
CTA 1 -- -- 
Trait Anxiety 0.64** 1 -- 
Initial State Anxiety 0.73** 0.60** 1 
Table 1. The correlations between the anxiety metrics. The 
CTA, trait anxiety, and initial state anxiety had moderate 
positive correlations. ** Indicates significance at the p < 

.001 level. 
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writing conditions were affected differently and we discuss 
these differences below. 

Effects on Anxiety 
Table 2 shows the means for the initial state anxiety and the 
post state anxiety for each condition. We computed the 
difference between the two state anxiety measurements for 
each participant. We conducted a one-way ANCOVA with 
the difference scores as the dependent variable and anxiety 
intervention as the factor. The Cognitive Test Anxiety score 
was included as a covariate. Results showed a main effect 
(F(2,82)=21.59, p < 0.001). Post hoc comparisons showed 
that the social support condition (µ=5.67) had a larger 
decrease in anxiety than the control condition (µ=1.28). 
Also, the control condition had a larger decrease in anxiety 
than the expressive writing condition (µ=-5.3).  

We performed a correlational analysis between the social 
media interactions (likes, comments, and private messages) 
and anxiety difference scores. The more substantive 
responses (comments and private messages), which we 
collectively refer to as messages, were compared to less 
substantive “likes”. We found a moderately positive 
relationship between the number of messages received and 
anxiety difference scores (r=0.55, p=0.002, n=29), whereas 
the relationship between likes and anxiety difference scores 
was not significant (r=0.32, p=0.09, n=29). 

Based on our main result and prior work we classified 
participants as “Low anxiety” if they scored in the bottom 
40th percentile on the CTA and as “High anxiety” if they 
scored in the upper 40th percentile [10].  Table 2 shows the 
mean state anxiety before and after the intervention for each 
classification.  

We performed an ANOVA with anxiety difference as the 
dependent variable and the CTA cluster and intervention as 
factors. For the control condition, we found no difference 

between the two CTA clusters on the difference scores, 
F(1,18)=0.79, p=0.39. For the social support condition, the 
analysis showed that the “High Anxiety” participants 
experienced a larger decrease in anxiety (µ=9.8) than the 
“Low Anxiety” participants (µ=2.5; F(1, 21)=5.76, p=0.03). 
For the expressive writing condition, the “Low Anxiety” 
participants experienced a larger increase in anxiety (µ=-
18.3) than the “High Anxiety” participants (µ=3.3; 
F(1,24)=30.13, p < 0.001). These results indicate that social 
support decreased anxiety, especially for the “High 
Anxiety” participants, whereas expressive writing increased 
the anxiety for “Low Anxiety” participants.  

Effects on Performance 
To examine how the anxiety intervention affected the 
correctness of the programming solutions, we conducted a 
one-way ANCOVA using Cognitive Test Anxiety score as 
a covariate. Results showed an interaction between factors 
(F(2,82)=3.24, p = 0.04). To examine it we performed an 
ANOVA with correctness of solutions as the dependent 
variable and the CTA classification and anxiety 
intervention as factors. The results can be seen in Table 3.  

For the social support condition, the “High Anxiety” 
(µ=67.4, σ=38.1) and “Low Anxiety” (µ=62.7, σ=20.5) 
participants showed no difference in the correctness of 
programming solutions (F(1,21)=0.13, p=0.724, d=0.15). 
Additionally, a correlational analysis between the social 
media interactions and performance scores revealed no 
significant relationships. In the expressive writing 
condition, our analysis showed a large noticeable difference 
between the means of the “High Anxiety” (µ=54.4,σ=28.2) 
and “Low Anxiety” (µ=74.1, σ=25.6) participants, but the 
analysis showed only a marginal effect (F(1,24)=3.32, 
p=0.08, d=0.70). Consistent with prior work, in the control 
condition the “High Anxiety” participants scored 
significantly worse on the programming solutions (µ=38.3, 
σ=24.9) than the “Low Anxiety” participants (µ=77.4, 
σ=29.8; F(1,18)=9.35, p=0.007, d=1.16). Together, these 
results indicate that both social support and expressive 
writing allowed the high test anxiety participants to perform 
as well as the low anxiety participants. 

Participant Perceptions 
We asked participants in the social support condition to 
explain which post made them feel most supported. We 
found that the authors of the posts participants identified 
included close friends, family members, people they 
admired, and friends who the participant had not recently 
communicated with. For example, one participant stated, 

 Low CTA High CTA All 

Control 32 (7.9) 

29.2 (7.1) 

12 

39.3 (8.8) 

38.1 (8.9) 

8 

36.3 (8.4) 

35.1 (8.9) 

29 

Writing 28.7 (7.2) 

47 (2.9) 

11 

47.7 (10.0) 

44.4 (2.5) 

15 

40.6 (12.3) 

46 (3.1) 

30 

Social 28.7 (7.0) 

26.2 (6.7) 

11 

46.6 (10.4) 

36.8 (6.4) 

12 

37.9 (11.9) 

32.3 (8.3) 

29 

Table 2. The pre / post state anxiety scores grouped by 
condition and CTA cluster. For each condition, the initial state 
anxiety (SD) is on the top row, the post state anxiety (SD) is on 
the second row, and the number of participants is on the third. 

 Low CTA High CTA All 
Control 77.4 (29.8) 38.3 (24.9) 63.2 (30.9) 
Writing 74.1 (25.6) 54.4 (28.2) 61.2 (31.3) 
Social  62.7 (20.5) 67.4 (38.1) 67.6 (31.8) 

Table 3. Means and (SD) of the programming task scores 
grouped by condition and CTA cluster. 
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“One of my friends privately reached out to me to express 
her support. She is one of my smartest friends, and it felt 
comforting to have her support going into this challenge. 
(P62)” We also found various reasons for why the 
particular post made them feel supported, including it 
increased their confidence, put them at ease, made them 
laugh, or was unexpected. Some participants stated the 
effort others made by writing personal responses, finding 
supportive quotes from noteworthy people, or praying on 
behalf of the participant encouraged them. For example, 
one participant stated that their family member said, “You 
do your best work with the word ‘challenge’ in it. Prayers 
are starting as of now.” This participant said it was 
“encouraging to know that she was taking time out of her 
day to pray for me. (P71)” 

To evaluate responses about how participants perceived the 
effects of the assigned intervention on their anxiety, we 
conducted Wilcoxon signed rank tests on responses to the 
question “[Intervention] helped reduce my stress or 
anxiety.” [Intervention] was replaced by the assigned 
condition. We used a Bonferroni adjustment on our 
significance threshold to be p=0.05/3=0.016. We found that 
the control and writing conditions had moderate effect sizes 
on perceived anxiety compared to a Neutral response, but 
were not significant: (µ=3.45, σ=1.05, p=0.04, d=0.60) and 
(µ=3.3, σ=0.92, p=0.09, d=0.46) respectively. In the social 
support condition, participants reported the responses 
significantly decreased their perceived anxiety (µ=3.59, 
σ=0.63, p < 0.001, d=1.33) when compared to a Neutral 
response. These results are consistent with our findings 
using the STAI measure. 

From the open-ended responses explaining their rating, the 
main theme from the social support condition was 
“Emotionally Beneficial” (n=31). The “n=” indicates how 
many occurrences of this theme were in the data based on 
our previously mentioned coding scheme. This theme 
focused on liking the encouragement received and its ability 
to help them relax and increase their confidence. One 
participant stated, “They restored my self-confidence,” 
(P77) when referring to the Facebook friends that left 
responses on their post. In the expressive writing condition, 
the two largest themes were “Emotionally Beneficial” and 
“Not Useful.” The “Emotionally Beneficial” theme (n=13) 
stated that the activity helped them feel better, and reduced 
their anxiety. For example, one participant stated, “After I 
write down the feeling I can calm down easier. (P45)” The 
other theme was “Not useful” (n=8). Participants in this 
theme stated that the activity did not affect them. For 
example, one participant stated, “I don't think it really 
helped that much with reducing any anxiety that I had. 
(P34)” Finally, in the control condition, three themes 
emerged: “Mentally Beneficial,” “Emotionally Beneficial,” 
and “Not Useful.” The “Mentally Beneficial” theme (n=11) 
contained responses that stated the reading helped refresh 
their memory or gave them an idea of what to expect. For 
example, one participant stated that it “helped me gather my 

thoughts” and was a “valuable refresher that helped me to 
remember the general ideas which made it easier to think of 
the finer details later on. (P15)” The “Emotionally 
Beneficial” theme (n=10) contained responses about 
increases in confidence and decreases in anxiety or stress. 
For example, one participant stated that the reading “helped 
boost my confidence, (P16)” and another stated that it “put 
me at ease. (P25)” Participants in the “Not Useful” theme 
(n=11) made statements such as “It did nothing for me 
(P29)” or “I knew nearly everything that was written. (P2)” 

For the second question, “I would like to use [intervention] 
before a course exam,” we conducted one-sample Wilcoxon 
signed rank tests on the responses, and adjusted our 
significance threshold using a Bonferroni adjustment 
(p=0.05/3=0.016). Our results showed that participants in 
the writing condition showed no difference from a Neutral 
response in how they answered the question (µ=2.77, 
σ=1.14, p=0.25, d=0.29). Participants in the control 
condition strongly favored referring to notes before an 
exam over a Neutral option (µ=4.0, σ=0.86, p < 0.001, 
d=1.67). Additionally, participants in the social support 
condition reported they would not elicit support of their 
Facebook friends before a course exam (µ=2.34, σ=1.14, 
p=0.005, d=0.81). 

The open-ended responses explaining the rating revealed 
two themes in the control condition: “Reinforcement” and 
“Information Dependent.” For “Reinforcement” (n=15), 
participants stated that they would prefer to read course 
notes before an exam because it boosted their confidence, 
provided a refresher, and calmed them. One participant 
stated, “I would like to read before exam. Because it helps 
me to review the topic in class and gives me more 
confidence. (P7)” For “Information Dependent” (n=5), 
participants stated that they would like to review course 
notes before an exam only if they did not know the 
material. One participant stated, “If I wasn't well versed in a 
topic, it would be extremely helpful to read general 
information before taking an exam. (P8)”  

In the writing condition, there were two major themes: 
“Alternative” and “Positive Experience.” For “Alternative” 
(n=19), participants stated that they found the writing 
exercise ineffective and in some cases felt it increased their 
anxiety. Participants also stated they would rather engage in 
other activities, such as reviewing course notes. For 
example, one participant stated, “I am just too nervous to 
think of doing so before taking exams. I would rather read 
more review materials, maybe. Lol. (P44)” For “Positive 
Experience” (n=7) participants stated that expressive 
writing calmed them or helped them organize their 
thoughts. For example, one participant stated, “I think that I 
may benefit from writing about thoughts before an exam. 
(P55)”  

The most common theme in the social support condition 
was “Uncomfortable” (n=29). In this theme, participants 
stated that they would not like to rely on others or felt it 
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was uncharacteristic for them to broadcast messages for 
encouragement. For example, one participant stated, “While 
I would like reading encouraging responses before an 
exam, I would not like posting to Facebook because this 
behavior seems attention seeking and slightly annoying in 
my opinion. (P88)” Another participant stated, “I would not 
post to Facebook like this again. It’s not something that 
people do, and such a post is definitely out of place. I 
would, however, consider using a more passive and 
ephemeral media like Snapchat or Yik Yak. That has the 
benefits of not breaking social norms on FB. (P74)” 

DISCUSSION 
Our study investigated how social support and expressive 
writing impact the state anxiety and solution correctness of 
open-ended programming problems for students. The 
results showed that supportive messages from a student’s 
social network decreased the state anxiety of high test-
anxious students by 21% before performing a mentally 
stressful activity. Further, the results showed that the 
number of messages (comments and private messages) 
received correlated with the reduction in anxiety, whereas 
the number of ‘likes’ did not correlate. They also showed 
that when completing programming tasks under pressure, 
supportive messages and expressive writing allowed high 
test-anxious students to perform similarly to low test-
anxious students. However, expressive writing increased 
the anxiety of low test-anxious students by 61%, whereas 
the social support condition did not. Additionally, studying 
task-relevant materials had no effect on anxiety and high 
test-anxious students scored lower than low test-anxious 
students. Though the quantitative data favored the social 
support intervention, all of the students reported through the 
surveys that they were uncomfortable leveraging their 
online social network to elicit support. The discomfort 
stemmed from the public nature of the posts and concerns 
about being perceived as attention seeking. 

Information disclosure research has shown that disclosing 
private information is perceived to be inappropriate for 
public posts on Facebook [3]. Participants may therefore 
have felt that asking for encouragement was too private to 
post on Facebook in our study. Additionally, previous work 
has shown that people perceive risks of being vulnerable 
when disclosing private information such as negative 
outcomes [50]. As a majority of the participants in our 
study were computer science students, the competitive 
environment of the curriculum may also have led to 
concerns about how others would perceive them [2]. They 
may have felt that such statuses could harm relations in 
group project settings. Further research is needed to 
understand if participants were uncomfortable with the 
specific formulation of seeking social support in our study 
or with seeking social support online generally. 

Different formulations of seeking social support online, 
such as giving users more control over the audience, 
ephemerality, anonymity of the requests, and rhetorical 

strategies should be considered. Lists with only certain 
members of a user’s social circle could be used to better 
control disclosure while still reaching a wide audience. For 
example, Haimson found that people undergoing gender 
transition used lists to manage their disclosure [16]. 
Reducing the length of time messages are visible to a social 
network by controlling ephemerality could also increase 
comfort. For example, Xu et al. found that participants had 
fewer concerns over self-presentation when using Snapchat 
(which allows ephemeral messages) compared to other 
communication tools [47]. Anonymity, such as on Yik Yak 
or Facebook Confessions Boards, has been shown to 
increase comfort as people are more willing to disclose to 
strangers [21]. Additionally, different rhetorical strategies 
have been shown to effect response rates in online 
communities [8]. In the context of this study, different 
strategies could include the phrasing of the requests and 
how much information is revealed pertaining to the request. 
Future work is needed to test how these formulations would 
affect students’ comfort levels when seeking social support 
online, balanced against the speed, volume, and quality of 
the messages received. 

Instructors who prefer not to use any social media platform 
could write and share supportive messages with students. 
For instance, students could be reminded of previous 
assignments where their performance was commendable. 
Instructors could also organize course-restricted online 
discussions where students could exchange supportive 
thoughts prior to exams.  

Our results also contribute to understanding how expressive 
writing affects the anxiety and programming correctness of 
students. Previous work has suggested that expressive 
writing increases the performance of higher test anxious 
participants on exams, modular arithmetic tasks, and 
anagram tasks [31, 34]. Our results support this and extend 
this finding to open-ended tasks, such as programming. We 
also extend prior work by showing expressive writing 
negatively impacts the state anxiety of lower test anxious 
students. By expanding the scope of measures considered in 
prior work to also include student perceptions, we were able 
to learn that students with lower test anxiety felt the 
expressive writing “made them aware of their own 
anxiety,” and “amplified their nervousness.” 

Social association with other participants and experimenter 
empathy has previously been found to aid in performance 
on anagram tasks [37]. Our work focuses on social support 
from members of a student’s social network. Our findings 
show that supportive messages from Facebook friends help 
high test-anxious students score similarly to low test-
anxious students on programming tasks. Additionally, our 
findings extend the literature by showing that reading 
supportive messages before performing open-ended tasks 
under pressure decreases the state anxiety of students. 
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Limitations 
One limitation of this study is that all participants attended 
the same university and the majority were peers in the same 
course. Future work is needed to generalize our findings to 
other courses, exam formats, and university environments. 
It would also be interesting to test the generalizability of 
our findings in other evaluative situations, such as in job 
interviews and programming competitions. Prior work 
showed that women reported increased anxiety for 
computer-based tests, whereas men reported decreased 
anxiety [15]. In our present study, we were unable to 
examine effects of gender or race due to insufficient sample 
sizes in our participant pool. Further research is needed to 
examine how these anxiety interventions affect different 
demographics. 

Our study design allowed participants in the social support 
condition to view their supportive messages before they 
arrived at the experiment. We asked participants to refrain 
from viewing these messages, but we could not be sure that 
the first time participants viewed the responses was in the 
laboratory. This could have been controlled by constructing 
a more artificial study, but this may have limited the 
ecological validity of our experimental design. Further 
research is needed to understand if viewing messages more 
than a few minutes before a testing situation affects student 
test anxiety and performance. 

Future Work 
We see at least three additional directions of work for 
reducing anxiety during programming exams. One direction 
is investigating how anxiety affects the coding behavior of 
programmers at a more granular level. For example, prior 
work has shown the feasibility of detecting stress by 
analyzing mouse and keyboard interaction [19, 24, 44, 45]. 
Expanding this work to understand how anxiety relates to 
edit, compilation, and execution behavior could lead to 
possible targeting of anxiety reduction methods within the 
programming interface. A second direction for future work 
focuses on how sharing the benefit that supportive 
messages had on anxiety and solution correctness could 
encourage others to adopt the strategy. Tracing how student 
perceptions change as they view peers seeking support may 
lead to less reservation around using broadcast messages for 
support. A third direction is studying how regularly seeking 
social support from one’s social network affects anxiety and 
performance, and how it affects the response rate.  

CONCLUSION 
Test anxiety is pervasive and particularly acute for open-
ended questions on exams. The contribution of this work 
was to compare how a novel intervention implemented 
using social media affects student anxiety and solution 
quality relative to expressive writing for exams with open-
ended programming questions. We found that an expressive 
writing intervention allowed high test-anxious students to 
perform as well as low test-anxious students, but increased 
the anxiety of low test-anxious students by 61%. We also 
found that supportive messages from a student’s own social 

network decreased the anxiety of high test-anxious students 
by 21% and allowed them to perform similarly to low test-
anxious students on programming tasks. Though the effects 
of this intervention are promising, our results show that 
many students are uncomfortable requesting social support 
from their online social network. Realizing the benefits of 
this approach may therefore require different formulations 
of social support in practice. It is our hope that this work 
will inspire instructors, researchers, and practitioners to 
explore methods of reducing anxiety in evaluative 
situations, allowing each person to perform at their best.  
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