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Abstract

Cheating in online exams without face-to-face proctoring has been a general con-
cern for academic instructors during the crisis caused by COVID-19. The main goal
of this work is to evaluate the cost of these dishonest practices by comparing the
academic performance of webcam-proctored students and their unproctored peers
in an online gradable test. With this aim in mind, we carried out a randomized field
experiment using a simple video surveillance system through Google Meet during
an online closed-book final exam of an Introduction to Microeconomics course.
Given that all conditions except for webcam monitoring were identical, differences
in between-subjects scores are attributed to academic dishonesty. After controlling
for potential confounding factors, including gender, academic degree, instructor,
previous score and whether students were repeaters or not, we found that those stu-
dents who were proctored via webcam obtained statistically significant lower scores
in the final exam than those who were not using this surveillance system with a low
level of invasiveness. Inspection of the potential factors behind these differences in
scores suggests that the poorer performance of proctored students is more related to
academic dishonesty than to reasons involving anxiety or heterogeneity factors.

Keywords Randomized field experiment - Academic dishonesty - Monitoring -
Academic performance

JEL Classification C93 - D03

Introduction

Academic dishonesty encompasses any behavior intended to deceive instruc-
tors including plagiarism, cheating, fabrication, and falsification. As stated by the
OECD Directorate for Education and Skills “student academic dishonesty ... is by
far the most frequently discussed challenge in higher education today with regard
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to the shift of examinations online” (OECD, 2020). In fact, Butler-Henderson and
Crawford (2020) claimed that, as many scholars state, cheating is a prevalent and
approved element of the student experience. There is no single factor explaining why
students engage in academic dishonesty although they recognize it is morally wrong.
Feelings of guilt are dismissed because academic dishonesty is justified by a set of
factors! including lack of interest and/or poor time management, academic pressure,
and failure to understand academic conventions. Besides, students generally accept
cheating, perceive these dishonest practices as a necessary way to succeed, and trust
that they will not be caught. Additionally, the fast development of digital technology
and online courses has produced a “distancing” effect that makes students mitigate
their feelings of guilt by using innovative tools for cheating (Blau et al., 2021).

Concern for dishonest practices in online exams was especially noticeable during
the COVID-19 health crisis, as academic instructors in many countries were forced
to move from face-to-face to online exams. Janke et al. (2021) found high rates of
self-admitted academic dishonesty reported by German students of higher educa-
tion during the COVID-19 crisis. In this vein, Comas-Forgas et al. (2021) revealed a
significant increase in Internet searches for information on cheating in online exams
during the COVID-19 pandemic in Spain. Although at the time of writing this paper,
teaching and exams in higher education are again being held face-to-face in most
developed countries, there is, on the one hand, the threat of new waves of the pan-
demic and, on the other, a greater predisposition for online learning tools (Vazquez
et al., 2021). In this scenario, understanding to what extent a remote proctoring sys-
tem might discourage students from misconduct during exams would mitigate the
widespread fear on the part of instructors that those online exams are an easy way
for students to improve their score.

In this paper, we investigate for the first time, through a randomized field experi-
ment, how remote proctoring by webcam may deter academic dishonesty practices
in a closed-book online exam. Our empirical strategy allows us to control for indi-
vidual heterogeneity and background factors, such as student’s gender, academic
degree, instructor and type of student (repeater or non-repeater). As a novelty, we
also explore the factors potentially responsible for the results obtained.

Our findings confirm that students remotely monitored in an online exam
obtained significantly lower scores than those without a webcam surveillance sys-
tem, under otherwise identical conditions. This result holds even after considering
potential individual heterogeneity and different academic backgrounds. We also pre-
sent evidence of a relationship between the outperformance of unproctored students
and dishonest academic conduct.

The rest of the paper is organized as follows. The next section introduces the
relevant literature. The following section explains the experimental setting, with a
description of the assessment system and the sample composition. The data analysis
section presents the main descriptive statistics and the estimation results. We then
show the limitations and propose future research. The final section concludes.

! See Brimble (2016) in order to analyze the motivations behind students’ academic dishonesty in higher
education.
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Literature background

Dendir and Maxwell (2020) argued that online courses could be more susceptible to
academic dishonesty because assessments often take place in unproctored settings
where students can use unauthorized resources during their evaluation, communi-
cate with other people or even ask someone else to take the test for them. Two types
of papers have reported that academic dishonesty is indeed a significant problem in
unproctored environments. The first studies rely on student self-reports” and the sec-
ond comprise those presenting empirical evidence based on academic performance.
As Howard (2019) argued, the shortcoming of survey-based studies is that they
might not be reliable because academic dishonesty is a delicate issue and students
may not be sincere in the answers they give in surveys. In the same line, Vazquez
et al. (2021) claimed that studies that rely on survey responses to expose dishon-
esty depend on the questionable assumption that cheating students will be honest in
reporting their conduct.

Focusing exclusively on the second type of studies, we find that empirical work
in this field has traditionally addressed this issue through two different approaches:
(i) some studies compare student performance in supervised face-to-face environ-
ments versus unsupervised online environments; (ii) others, in contrast, analyze the
scores of the proctored and unproctored groups in the same online environment. In
this latter case, however, students were not randomly assigned.

Examples of the first group of studies that offer positive evidence of cheating
behavior are Carstairs and Myors (2009), Fask et al. (2014) and Brallier and Palm
(2015). In contrast, Yates and Beaudrie (2009), Gold and Mozes-Carmel (2009),
Beck (2014) and Ladyshewsky (2015) found no significant differences between stu-
dent grades on face-to-face monitored versus online unmonitored exams. In both
cases, this literature suffers from two major drawbacks. On the one hand, compar-
ing academic performances between the two groups may not be accurate because
differences in the potential outcomes could be partly due to a change in the testing
environment, irrespective of the effect of proctoring (Dendir & Maxwell, 2020). On
the other hand, self-selection bias can arise, given that no random assignment to the
treatment group is applied.’

The second group of studies mentioned above (those that compare unproctored
and proctored online exams) are not exempt from this last objection either. Har-
mon and Lambrinos (2008), Prince et al. (2009), Alessio et al. (2017), Daffin and
Jones (2018) and Dendir and Maxwell (2020) presented experiments in which the
treatment group was non-randomly assigned, obtaining significant rates of cheating
when the online exams were not proctored.

2 Berkey and Halfond (2015) found that 84% of 141 students surveyed claimed that academic dishonesty
in online test-taking was a relevant question. Similar results are observed in previous studies by Etter
et al. (2007), King et al. (2009), Stuber-McEwen et al. (2009) and Watson and Sottile (2010).

3 This problem is not exclusive to papers comparing performance in face-to-face and online environ-
ments but is intrinsic to them because subjects are not randomly assigned to a test environment.
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To our knowledge the only studies that have used randomized field experiments
within this literature are Vazquez et al. (2021) and Hylton et al. (2016). Vazquez
et al. (2021) found that, whereas live proctors* in a face-to-face exam had a signifi-
cant effect on students’ scores, web-based proctors5 in an online class did not reduce
students’ grades to any significant extent. But, in this work, the analysis of cheating
is limited to students’ collaborative behavior. Specifically, Vazquez et al. (2021) ana-
lyzed academic dishonesty in open-book exams, where students have full access to
the book, notes and Internet, but are restricted to a non-collaborative performance.6
In this paper, we instead focus on cheating on closed-book exams, in which students
are not allowed to use any additional aids or share any information.

More similar to our experimental design is the work by Hylton et al. (2016).
Through a randomized field experiment, these authors studied the deterrent effect
of webcam-based proctoring on cheating during online exams in an undergradu-
ate course at a private university in Jamaica. They found no significant differences
between the grades obtained by proctored and unproctored students. However, in
this study, the authors failed to control for potential divergences between the two
groups of students in terms of their background.

Experimental design

In early January 2021, the alarming evolution of the COVID-19 pandemic in
Spain caused the final exams of some first-term courses at the Universitat Jaume
I to change from face-to-face to online mode. This unexpected scenario provides a
unique opportunity to study potential student misconduct behavior in online exams
and assess to what extent simple remote proctoring methods could prevent it.

The subject Introduction to Microeconomics is taught at the Universitat Jaume I
in the first semester of the first year of three different undergraduate degrees: Eco-
nomics, Finance and Accounting, and Business Administration. Most of the students
who take this subject have just started college. The course grade requires the com-
pletion of exercise assignments during the course (30% of the total grade) and a final
exam (70%). Two weeks before the official date of the final exam (January 28), we
informed all students enrolled in this course that, contrary to what was initially pro-
grammed, the final exam would be held online.

4 In this experiment all students took the same 50-min online exam, but subjects assigned to the proc-
tored exam had to take their online exam in the presence of a proctor in a classroom at a specific time
on a particular day. Students assigned to the non-proctored group took the exam online at a time of their
choosing within a 30-h window. Hence, ex ante time conditions were not identical for the two groups.

5 In this experiment, all students took the same 180-min online exam, and they could choose the time of
their exam within a 30-h window. However, whereas subjects assigned to the proctored exam were moni-
tored in real time via their webcams, students assigned to the non-proctored group were not subject to
video surveillance. Thus, ex post time conditions were not identical for the two groups.

6 Cheating could occur if students who completed the exam earlier chose to share exam information with
those who took it later. However, self-selection problems arose when Vazquez et al. (2021) compared the
grades obtained by different samples depending on the time when students took the exam.
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After obtaining the corresponding permission from the Ethics Committee of the
Universitat Jaume I to carry out a field experiment during the online final exam of
Introduction to Microeconomics, we randomly assigned each of the students enrolled
in this course to one of two groups.” While the students in the treatment group had
to keep their webcam on during the exam, the students in the control group did not.
The random assignment process followed was not revealed to the students, and they
were only informed that they might be asked to turn on their webcams.

The exam consisted of 14 multiple-choice questions that had to be answered in
a maximum of 60 min.® Each question had 4 possible answers, only one of which
was correct. Students received full credit for each correct answer, no credit for ques-
tions they did not attempt, and a penalty for incorrect answers equal to one-third of
the points for a correct answer. In addition, we implemented some features to make
dishonest behavior more difficult: (i) we presented the questions to each student in
random order; (ii) each question had 4 similar variants and one was randomly cho-
sen for each student; and (iii) we did not allow the students to go back to previous
questions, even those that they had not answered.

Before starting the exam, we required all students to join a Google Meet session
that, if necessary, would be used as a channel to communicate with the instructors.
We also informed them that, in order to verify compliance with the basic rules of
authenticity and authorship, they might be asked to keep their webcam on through-
out the exam and to show a document proving their identity. It is worth mentioning
that we did not design our proctoring setting to verify that students were unsup-
ported by internet resources during the exam. Proctoring was restricted to monitor-
ing the online exam in real time through a webcam, limiting the levels of opportu-
nity to engage in misconduct but not totally preventing it.

Data analysis
Descriptive statistics and univariate tests

The data used in this study contains information from 443 students who took the
exam of the subject Introduction to Microeconomics (90.2% of the students enrolled
in this subject actually took the exam).’ From this sample, we excluded 7.1% of the
students (4.7% of the sample did not give their consent and 2.4% started the exam
late), so the final sample comprised 412 students, of whom 317 were non-repeaters

7 The appendix describes the random assignment process in detail.

8 Although students had already taken practice tests under these same rules during the course, they were
informed again a week before the final exam.

 We excluded some exceptional cases from the sample, such as exchange students or students with spe-
cial needs. We consider that these students take the exam differently from the rest. In the first case, they
have a different background and, in the second, they take the exam in conditions adapted to their needs.
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Table 1 Descriptive statistics and group homogeneity tests

Variable All students (N=412) Webcam Off (N =220) Webcam On (N=192) p-value
Midterm 0.00 (1.00) 0.06 (1.02) —0.07 (0.98) 0.031
Female 189 (46%) 99 (45%) 90 (47%) 0.703
Repeater 95 (23%) 51 (23%) 44 (23%) 0.949
Finance 126 (31%) 79 (36%) 47 (24%) 0.012
Economics 83 (20%) 46 21%) 37 (19%) 0.679
Business 203 (49%) 95 (43%) 108 (56%) 0.008
Lab groups 0.786

Mean (SD) for Midterm; N (%) for the remaining variables. The p-values for the variable ‘Midterm’
come from a Wilcoxon rank test for the homogeneity of the means of the webcam-off group and the
webcam-on group. The p-values for the remaining variables correspond to Pearson Chi-square tests

and 95 repeaters.'” Exam conditions between groups were identical during the
experiment for the participants, with the exception of remote monitoring: whereas
some participants were asked to allow video surveillance (220 students), others
received no such request during the exam (192 students).

Next, in Table 1, we present some descriptive statistics calculated for the com-
plete sample of all students, and for the subsamples of the treatment group (Webcam
Off) and the control group (Webcam On). The variables included may influence the
students’ performance in the final exam and refer to their academic background and
demographic characteristics. Table 1 also presents the p-values of the statistical tests
that check the homogeneity between the treatment and control groups obtained from
our random assignment process.

The Midterm variable records the standardized grades of the assignments done
throughout the term for the subject Introduction to Microeconomics. Lee et al.
(2020) found that the expected benefit of cheating is lower for students who have
previously obtained better grades. Thus, we can predict that students with a poorer
academic performance in the past have higher incentives to cheat. Accordingly, we
can expect higher scores in the midterm exams to be negatively associated with
academic dishonesty in the final exam. The statistics in Table 1 confirm the exist-
ence of a small but significant difference between the average midterm scores for the
treatment group and the control group. Thus, to exclude any chance of divergence
observed in academic performance being a consequence of this between-group het-
erogeneity, we control for this fact in the causal analysis.

In addition, different authors (see, for example, Pekkarinen, 2015; Iriberri & Rey-
Biel, 2019; Espinosa & Gardeazabal, 2020) have shown that women’s performance

10 Repeater students are those that attended the course previously (students who had failed at least one
previous exam opportunity).
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in multiple-choice exams is poorer than that of their male counterparts. Furthermore,
as Montolio and Taberner (2021) pointed out, these differences in performance may
be more pronounced in high-stakes tests, such as final exams.!! According to the
statistics of the dummy variable Female shown in Table 1, somewhat less than 50%
of the students who took the final exam were women and there were no significant
differences between the groups in terms of the percentage of women. Therefore, in
our sample, the possibility of there being differences in the results of the treatment
and control groups due to an imbalance in the proportion of women is limited.

We further evaluate the potential group heterogeneity in terms of the proportion
of students repeating the subject. The academic results of these students may reflect
their greater difficulties in passing the subject, but also their greater experience at
university or, simply, the fact that they are older. To do so, we define a dummy vari-
able, Repeater, which takes the value 1 for repeaters. As Table 1 shows, almost a
quarter of the students had already taken the subject in previous years. We found no
significant differences in the proportions of repeaters in the treatment group and the
control group.

Next, we focus on potential divergences in students’ motivation to deal with the
subject under study (how “close” it is to the academic program in which the stu-
dent is enrolled). In this sense, we can reasonably think that students enrolled in
the Degree in Economics find a greater motivation to study Microeconomics than
students enrolled in the Degree in Finance and Accounting or the Degree in Busi-
ness Administration. The dummy variables Finance, Economics and Business indi-
cate the degree in which each student in the sample is enrolled. The statistical tests
in Table 1 show significant differences in the proportions of Finance and Business
students across the treatment and control groups.

Finally, we deal with a potential heterogeneity due to differences in students’
instructors. Given that some of the classes in the subject were taught in small lab-
oratory groups, we constructed a set of 21 dummy variables indicating which lab
group each student attended (the students of the same laboratory group shared the
same instructor). The p-value in the last row of Table 1 indicates that there were no
significant differences across the laboratory groups in the proportions of students
assigned to the treatment and control groups.

As a first approximation to our causal analysis, Fig. 1 illustrates the differences
between the standardized scores (represented by the variable Grade) obtained by
students who were monitored by a webcam and those who were not remotely moni-
tored. The location of the boxplots clearly shows that the distribution of scores for
the treatment group is shifted to the left relative to the distribution for the control
group. That is, students who had to keep their webcam on during the final exam
tended to get lower grades than students who did not.

This deterring effect of remote proctoring on Grade is also confirmed in Table 2
through the Wilcoxon Rank Sum Test. The p-value obtained indicates a significant
difference in the mean of the variable Grade between the treatment and the control

1" According to these authors, male students are found to surpass female students in multiple-choice
exams as female students feel more stressed, leading them to skip more questions than their male peers.
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Fig. 1 Distribution of standardized grades by groups. Box plot comparing the distribution of standard-
ized grades between the treatment group (Webcam On) and the control group (Webcam Off)

Table 2 Exam outcomes by group

Variable All students (N=412) Webcam Off (N=220) Webcam On (N=192) p-value
Grade 0.00 (1.00) 0.14 (1.02) —0.16 (0.96) 0.003
Duration 54.72 (7.16) 54.98 (6.24) 54.42 (8.10) 0.863
Completed 346 (84%) 184 (84%) 162 (84%) 0.838
Skipped 2.73 (1.87) 2.73 (1.83) 2.72(1.92) 0.848
Right 5.88 (2.47) 6.20 (2.53) 5.52(2.34) 0.004
Wrong 5.05 (2.36) 4.72 (2.25) 5.42 (2.44) 0.003

Mean (SD); n (%). The p-values come from Wilcoxon rank tests for the homogeneity of the means of
the webcam-off group and webcam-on group, except for the variable ‘Completed’, where a Pearson Chi-
square test is used to test differences between the groups

groups. In particular, the difference in mean scores was approximately one-third of a
standard deviation of Grade.

In this table, we also analyze the relevance of a set of factors potentially linked
to an anxiety effect provoked by the fact of being under surveillance, as pointed out
by Hylton et al. (2016). In particular, these authors revealed that monitored partici-
pants may be inclined to rush through a test due to the added anxiety resulting from
the monitored environment and, consequently, obtain worse grades than their non-
monitored peers. To investigate this hypothesis, Table 2 shows some statistics of the
variables Duration and Completed. The first of these variables measures the minutes
that each student took to complete the exam (with a maximum value of 60, even for
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those participants who could not answer all the questions). The second one, Com-
pleted, is a dummy variable that takes the value 1 for those students who were able
to complete the exam during the stipulated time, and zero otherwise. As can be seen
in this table, on average, the students took less than 55 min to complete the exam
with no significant differences between the treatment group and the control group.
A total of 84% of the students managed to complete the exam on time, regardless
of whether they were monitored or not. This evidence rules out the hypothesis that
differences in Grades stem mainly from the fact that monitored students felt more
pressure and less free to use the time allowed.

Other authors have also highlighted the possibility that students under greater
pressure underperform because they tend to omit more questions.'? In Table 2, we
show the mean value and the standard deviation for the variable Skipped (defined
as the number of questions skipped by each student), and the variables Right and
Wrong (defined as the number of correct and incorrect answers, respectively). These
statistics reveal that the treatment and control groups are similar in terms of the
number of skipped questions, while there are significant differences in the number
of correct and incorrect answers.

The above results clearly reveal that the monitored students did not suffer higher
levels of anxiety. Indeed, our findings confirm that the poorer performance of those
students under webcam-based proctoring is indeed the result of more wrong answers
and fewer right answers than the control group.

Regression results

In this section, we try to establish to what extent students’ heterogeneity can explain
the differences observed in their scores in the final exam. For this purpose, we esti-
mate the following regression models:

Grade; = a; + a;Webcam, + x/f + u;

where the dependent variable Grade; is the standardized score in the final exam
of student i. The main parameter of interest is «,, the slope of the dummy variable
Webcam;. This variable takes the value 1 for students in the treatment group and 0
for the participants in the control group. Finally, u; is a regression disturbance term.
Table 3 presents the estimates of the above regression model using the whole
sample. Firstly, in Model 1, we evaluate the total impact of using the video surveil-
lance system through the webcam on our dependent variable, Grade,, through the
estimation of a simple regression where Webcam; appears as the only explanatory
variable. Next, to control for other relevant factors, we present the estimates of the
extended models which add a set of control covariates collected in the vector x;.
Estimates from the simple regression model show that the effect of web monitor-
ing on grades is statistically significant and negative, representing almost one-third
of a standard deviation of the dependent variable. The effect of the variable Webcam

12 See, for instance, Pekkarinen (2015), Iriberri and Rey-Biel (2019), and Montolio and Taberner (2021).
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Table 3 Regression models: all students (N=412)

Model 1 Model 2 Model 3

Webcam —0.300™" —0.262"" —0.248"

(0.097) (0.097) (0.100)

Midterm 0.126™ 0.133"

(0.046) (0.047)
Female —0.301"" —-0.285™"
(0.098) (0.098)
Repeater 0.246™ 0.293"
(0.110) (0.118)
Economics —-0.224 -0.207
(0.141) (0.141)
Business —-0.150 —-0.156
(0.117) (0.115)
Constant 0.140" 0.322"" 0.758"™"
(0.068) (0.112) (0.228)

Lab groups No No Yes
Fa,385=1.9
p-value=0.007

R? 0.022 0.069 0.140

Adjusted R? 0.020 0.056 0.082

OLS estimates and heteroskedasticity-consistent standard errors (HC2) in parentheses. The dependent
variable of all models is Grade, the standardized grade in the final exam. Model 3 includes 20 dum-
mies for the different laboratory groups. The F-statistic shown in the table tests the joint significance of
the laboratory dummies by means of a heteroskedasticity-robust Wald test. Significance of estimates is
marked with: ***p <0.01; **p <0.05; * p<0.1

is also negative and significant when we include other potential confounding vari-
ables. In Model 2, we add the academic background of the students represented by
the following variables: (i) Midterm (the grades obtained in the course assignments
throughout the semester); (ii) Repeater (which takes the value 1 for repeater students
and 0 otherwise); and (iii) a set of dummy variables controlling for the specific aca-
demic degree (Economics and Business, with Finance as the reference category).
Additionally, we consider the student gender (by means of Female, which takes the
value 1 for women). Model 3 also includes 20 dummies for the laboratory groups
(omitted from the table) that depict the different instructors.'®> As shown in Table 3,
the joint significant F-test strongly confirms the existence of differences in student
performance between laboratory groups.

Although smaller than in Model 1, the estimates of the webcam coefficient in
Models 2 and 3 remain sizable, being close to a quarter of a standard deviation.
With respect to the other covariates, our findings align well with intuition and pre-
vious literature, with the exception of the specific academic degree. As expected,

13" Although the coefficients of these variables have been omitted due to lack of space, we include a joint
significance test on these dummies at the bottom of the table.
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Table 4 Regression models: non-repeater students (N=301)

Model 1b Model 2b Model 3b

Webcam —0.390%** —0.338%** —0.330%**

(0.116) (0.112) (0.118)***

Access 0.267%##%* 0.258

(0.060) (0.076)**
Midterm 0.1817%#%%* 0.159
(0.060) (0.065)
Female —0.388%** —0.376%**
(0.111) (0.116)
Economics —0.446%** —0.426%*
(0.164) (0.169)
Business —0.309%* —0.302%*
(0.135) (0.139)
Constant 0.122 0.496%%*%* 0.703%#**
(0.084) (0.129) (0.252)

Lab groups No No Yes
Fa0,074=1.0
p-value=0.403

R? 0.036 0.152 0.209

Adjusted R? 0.033 0.135 0.134

OLS estimates and heteroskedasticity-consistent standard errors (HC2) in parentheses. The dependent
variable of all models is Grade, the standardized grade in the final exam. Model 3b includes 20 dum-
mies for the different laboratory groups. The F statistic shown in the table tests the joint significance of
the laboratory dummies by means of a heteroskedasticity-robust Wald test. Significance of estimates is
marked with: ***p<0.01; **p<0.05; * p<0.1

students with a higher score in the semester assignments obtained a better outcome
in the final exam. We also found that repeaters’ performance is better than that of
those who took the exam for the first time (non-repeaters). In line with Montolio and
Taberner (2021), our estimates confirm that male students outperform their female
peers in multiple choice tests. However, contrary to our initial assumption that stu-
dents from the Economics degree, based on their own motivation, should perform
better on an Introduction to Microeconomics exam, the estimates do not reveal sig-
nificant differences for students enrolled in the different degrees considered.

In short, the regression models in Table 3 confirm the negative effect of web moni-
toring on final exam grades, this being robust to the inclusion of other explanatory
variables that take into account a set of student characteristics. However, previous
literature usually employed a more generic proxy of this academic background, such
as the score of the university entrance exam. For the sake of greater robustness and
for comparison purposes, we further estimate previous models using this student’s
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academic background indicator as a control variable. In particular, we employ the
variable Access (the standardized university entrance score) as a proxy of this aca-
demic background. In this case, we also restrict the sample to non-repeater students.'*
This allows us to avoid the heterogeneity bias that can arise from combining both stu-
dents who have just entered university (non-repeaters) and students in their second or
later years (repeaters).'> The results are shown in Table 4 (models 2b and 3b).

The new estimates confirm our previous findings, corroborating the existence of sig-
nificant differences between the scores of the treatment group and the control group.
The Webcam coefficients are higher in absolute values than those obtained with the
complete sample. This result might be taken as evidence that the effect of web monitor-
ing is more pronounced in first-year students. The results for the explanatory variables
related to previous academic performance and the gender of the students are similar to
those obtained in Table 3. However, in contrast to the estimates of the complete sample,
the coefficients of Models 2b and 3b indicate that the performance of Economics and
Business students was significantly poorer than that of Finance students. Finally, we did
not find any significant differences in the mean scores of the laboratory groups, which
can be explained by the fact that repeaters are usually more concentrated in some labs
groups, such as those with classes taking place in the evening.

Discussion

Our results show that final exam scores were lower when students were monitored
remotely. These findings are based on data obtained from a clean design in which all
experimental conditions between the groups being compared were identical except
for the treatment condition (webcam monitoring). Our procedure for randomly
assigning students to treatment and control groups avoided potential self-selection
effects in our sample that might have obscured causal interpretations. The negative
effect of monitoring on grades is a robust finding that holds even when we control for
potential confounding factors, such as gender, prior academic performance, degree,
and course groups, or when we use a subsample that only includes first-year students.
The consideration of other covariates, such as the time it took students to complete
the exam, the number of questions skipped, or the proportion of students who com-
pleted the exam on time, allows us to exclude the hypothesis that participants sub-
jected to remote monitoring suffered higher levels of anxiety or stress. Therefore, a
more plausible explanation of the differences in scores would be related to the use
of material that is not allowed or other dishonest practices by unproctored students.
Our analysis supports the hypothesis that it is possible to deter dishonest behavior in
online tests by using a very lax monitoring system with a low degree of intrusiveness.

4 Our sample includes 301 subjects accessing the university through an entrance exam.

15 In previous regressions, we have considered this fact by including a dummy variable distinguishing
both types of students. However, it can be argued that it might not be sufficient to fully control for this
kind of heterogeneity.
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Limitations and future research

However, this study also presents some limitations. Our primary concern is
related to mitigating the potential impact of heterogeneity on our results. Despite
using a randomized design and including in the statistical analysis most of the
personal traits available in our database, we are aware that some unobserved vari-
ables related to the socioeconomic level of the participants (such as age, income,
nationality, employment status, religion, etc.) may be partially responsible for
some of the effects reported here.

The main practical implication of our results is that it is possible to deter dis-
honest behaviors using minimally invasive methods of webcam surveillance.
However, the effectiveness of this option depends on credibility; that is, whether
students believe that monitoring can detect unauthorized materials or communi-
cations with their peers or third parties. Our data contain some evidence that only
first-year students were affected by surveillance. Further work would be needed
to determine more precisely whether simple monitoring protocols would be effec-
tive beyond first-year courses.

Another aspect that deserves more careful study is the possible gender bias
of monitoring via webcam. Our regressions show that females scored worse in
the final exam than their male peers. The reason why this occurs is not apparent,
but there is a possibility that web monitoring imposes an additional burden on
women. Future research should focus on determining to what extent remote moni-
toring is gender biased and how it could be mitigated.

Conclusions

This paper presents the results of a randomized field experiment evaluating the
effect of monitoring on a closed-book exam in an online environment. Despite
using a soft supervision system based on webcam surveillance, we found signifi-
cant differences between students’ scores depending on whether or not they were
subject to video monitoring. Specifically, the mean score for the treatment group,
composed of the students under surveillance, was one-third of a standard devia-
tion lower than the mean score for the control group. The experimental conditions
between the treatment and control groups were identical except for webcam mon-
itoring. We also control for different potential factors driving these differences in
scores. The first relevant mechanism to consider is the possibility that video sur-
veillance may increase students’ anxiety during the exam. Contrary to the results
of other authors, we did not find any significant differences between supervised
and unsupervised students in terms of the time it took them to complete the exam.
Furthermore, the proportion of students who completed the exam on time and the
number of questions skipped on the test are similar in both groups. These findings
rule out the idea that differences in exam scores stem from the fact that non-mon-
itored students felt more relaxed and freer to use the time allotted.

Students’ heterogeneity could also be a potential explanation of the differences
in the scores observed between the treatment and control groups. In order to isolate
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the causal impact of webcam-based surveillance, we control for students’ character-
istics such as academic background, gender, academic degree, course instructors,
and repeater or non-repeater status. After considering all these sources of observed
individual heterogeneity, we obtained significant and robust differences in academic
performance between proctored and unproctored students. These findings can be
taken as evidence in favor of differences in scores being due to dishonest practices
in taking the test without supervision rather than a result of anxiety or heterogeneity
factors.

To conclude, we can state that it is possible and inexpensive to prevent, or at least
to minimize, cheating in online exams. Our results reveal that when students had
to keep their webcam on, they were less likely to cheat. Therefore, instructors may
want to consider using web cameras during off-site exams to deter cheating. This
low-touch anti-cheat intervention can be an effective alternative to more intrusive
and expensive alternative mechanisms, such as artificial intelligence-based software.

Appendix

Five days before the final exam of Introduction to Microeconomics in the 2020-2021
academic year, one of the authors electronically signed the following procedure and
posted it on the Moodle site of the Universitat Jaume 1. This document was hidden
from students but is available on request.

1. We assigned each student enrolled in the course a unique numerical identifier. The
student identifiers were built by taking the last six digits of their ID or equivalent
document, as recorded in the databases of the Universitat Jaume I.

2. All students whose identifier was above the median were assigned to the "Even"
group. The remaining students formed the "Odd" group.

3. We determined which students had to turn on their cameras using the winning
number of the first prize of the "Sueldazo del fin de semana de la ONCE" lottery
on Sunday, January 24, 2021 (https://www.juegosonce.es/historico-resultados-
coupones-once):

— If the last digit of the winning number were even, the students in the "Even"
group would be asked to turn on their cameras.

— If the last digit of the winning number were odd, the students in the "Odd"
group would be asked to turn on their cameras.
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