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ABSTRACT
In Cameroon, no exam is more important than the baccalauréat,
which serves as the gateway to adulthood and professional and
higher-education aspirations. We build on existing literature on the
benefits of practice tests to evaluate how SMS-based quizzes could
help students in their final year of secondary school prepare for
the baccalauréat. Students in 23 schools across Yaoundé, the capital
of Cameroon, received multiple-choice questions four times per
week for nine weeks leading up to the exam date. We examined
baccalauréat pass rates and student feedback through 11 focus
groups. We find that students used our practice tests for formative
assessment and as a prompt for recall and review of study material.
SMS-based quizzes were not isolated artifacts but were shared in
the students’ networks, built a distributed learning environment,
and used as a focus of collaborative study sessions.

CCS CONCEPTS
•Human-centered computing→Mobile phones;Empirical stud-
ies in HCI; Empirical studies in collaborative and social computing;
• Applied computing → Computer-assisted instruction; Psy-
chology; Collaborative learning.
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Figure 1: The practice tests on a student’s phone. This shows
an introductionmessage with instructions sent at the begin-
ning of eachweek, amultiple-choice question, and a student
reply with their answer choice. A feedback message would
be sent the following day providing the correct answer.

1 INTRODUCTION
In Cameroon, a sub-Saharan nation in west-central Africa, sec-
ondary school students spend years preparing for what is likely the
most important final exam of their lives, the baccalauréat or “bac.”
This qualifying exam serves to mark the successful completion of
secondary school and entry into adult life. The diploma conferred
upon passing is important for future employment prospects or ad-
mission into higher education. Students and their families spend
significant effort and expenses towards this exam, including tutors
and paid study groups. Despite this, pass rates for the bac have
historically been low, with only 60.19% of students passing in 2019
[6]. Failing the bac can result in repeated years of schooling and
additional financial burden on students and their families.

Because of its importance in students’ lives, education is a do-
main of considerable interest for ICTD scholars. Past research in-
cludes how ICTs impact the practices of teachers [16, 73] and influ-
ence the direction of entire educational systems [5, 71]. Approaches
in human-computer interaction for development (HCI4D) have
used technology to reconfigure how students learn [43, 58]. This
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follows a long thread in HCI scholarship in learner-centered design,
which uses educational theory to inform the design of software
[69] and hardware environments [44] to support students’ learning
needs. We build upon this literature by applying cognitive theories
around exam preparation to education in the Global South.

The traditional role of tests and exams are to assess student
knowledge and assign them grades or scores. However, tests can
also have learning benefits of their own, and tests designed for
this are called practice tests. These are usually smaller quizzes or
evaluations, either self-directed or provided by the instructor, with
low or no-stakes. Past research in practice tests suggests several
ways in which they can enhance learning. Such benefits include
strengthening memory pathways for the recall of information [7,
8], early assessment of gaps in knowledge to help focus further
efforts in studying [23, 51], and repeated and spread out study [46].
Through these benefits, research has found that practice tests can
improve student performance on final exams [11, 23].

Our goal was to examine how SMS-based practice tests could
help students study for the bac. Previous work, mostly in Western
contexts [15, 19, 38], has described potential benefits of practice
tests for student performance on classroom summative exams and
grades [23, 48, 76]. In contrast, we address student preparations for
a standardized exit exam widely administered in a non-Western
country, Cameroon. We examine the impact of our intervention on
student study habits and preparations.

We worked with secondary school teachers to write multiple-
choice questions for various subjects covered in the bac. We built
an automated system to administer practice tests directly to stu-
dents’ personal phones outside of the classroom. We deployed
this system to 500 students across 23 public, private, and religious
schools in Yaoundé, the capital of Cameroon. We conducted 11
focus groups with 58 students to gather qualitative feedback on
how the SMS-based practice tests impacted their studying and what
they perceived to be the benefits and drawbacks. We collected bac
pass rates for students who received our quizzes and an additional
1424 students in control groups.

Our findings suggest that students in our study experienced
many of the benefits described in past literature on practice tests
and also some unexpected benefits. Although we were unable to
detect a significant difference in bac pass rates between students
who received the practice tests and those who did not, we use
students’ experiences to build on past literature on practice tests.
We provide details for potential mechanisms behind the benefits
of practice tests and discuss the implications of practice tests in
contexts of collaborative study, used outside of the classroom, and
for high stakes standardized tests. We also consider the affordances
and limitations of using SMS as a medium for delivering practice
tests and offer design suggestions for future work in practice testing
and educational content in the Global South.

2 RELATEDWORK
Our work builds upon research on educational technology in devel-
oping contexts and literature on the effects of practice testing. We
extend practice testing research into contexts in the Global South.

2.1 Educational Technology in HCI4D
For as long as ICTD has been a field, researchers have designed ed-
ucational interventions to enhance the classroom experience. Some
of the earliest work used multiple mice to enable collaborative
learning experiences among school children sharing limited com-
puting resources [58] and authoring tools for intelligent tutoring
systems [16]. Researchers have examined the possibility of using
cell phones in the classroom to create educational games or dis-
tribute and collect home work [27] or DVDs to replace books [29].
Other research has studied using virtual spaces, such as massively
open online courses (MOOCs) to extend the reach of educational
systems to underserved populations [22, 45].

A significant portion of the educational technology work in the
Global South has focused on informal and adult education, primarily
in the health domain, such as software for the creation of training
materials for low-literacy community health workers (CHWs) [54]
or community video for maternal health education [42].

Due to the prevalence of basic cell phone technology, SMS is a
common medium in ICTD interventions [34, 55, 59, 78], and this
extends to the education domain. SMS has been used to promote
HIV/AIDs awareness in Uganda [21] and diabetes awareness in
Egypt [1]. Gill et al. used SMS to enhance CHW continuing educa-
tion in Vietnam [31], and Poon et al. compared SMS and WhatsApp
for delivery of educational quizzes in Cameroon [60].

Our work also included an SMS-based intervention that provided
quizzes to students on their own cell phones. We extend educational
literature in ICTD by using quantitative and qualitative data to
understand how such quizzes could affect students’ preparations
and whether students derived any benefit. We frame the design
and evaluation of our intervention in cognitive learning theories,
which discuss the role of quizzes in exam preparation.

2.2 Practice Testing for Learning
The use of quizzes to promote rather than assess learning has a long
history in education research. In 1917, Gates found that directing
grade school students to perform a self-testing recitation allowed
them to score better on an exam administered a few hours later over
spending the allocated time reading the material [30]. These tests
are now called practice tests and are low-stakes exercises intended
to improve learning outcomes.

Over the years, a large body of literature has grown to show
that practice tests positively affect retention and learning outcomes
across a broad range of student ages and domains of study [25, 63].
Practice tests are more effective than simply spending the same
amount of time on additional studying [50] and include a variety of
direct and indirect learning benefits [25, 66]. Recent research has
focused on understanding how these benefits are conferred and the
best uses and limitations of practice testing.

2.2.1 Benefits of Practice Testing. The most direct benefit of prac-
tice testing is the testing effect, where requiring students to recall
previously learned information improves their performance on later
summative assessments [50]. One explanation for this is that testing
requires the student to retrieve past memories, and this strengthens
or creates new retrieval routes that make it more likely that this
information will be remembered and recalled in the future [7, 8].
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Practice testing also has several indirect benefits. One is that
such quizzes allow students and teachers to identify areas of lack
of understanding earlier in the learning process. Students can then
allocate time and attention in subsequent study to address those
shortcomings [46]. This is called formative assessment and can pro-
vide students with useful feedback on their performance whether
the quiz is self-administered or evaluated by an instructor [23, 51].

Practice tests are also often delayed from the initial learning
episode and thus encourage spaced or distributed practice, in which
practice occurs at regular intervals over a period of time. Distributed
practice can improve learning over bunched practice, commonly
known as "cramming" [7, 25, 47]. Researchers found that a greater
number of more frequent quizzes is more effective than larger,
less frequent practice tests [38]. This is because quizzes can prompt
students to study on a regular schedule [46], as students are unlikely
to optimally distribute their study time otherwise [70].

Other benefits of practice testing include better recall of unprac-
ticed material due to the activation of associated memories within
the same [17] or even different domains [12], improving the mental
organization of concepts [79] and consolidation of knowledge [24],
and reducing stress and anxiety on summative exams [3].

2.2.2 Best Practices for Practice Testing. Research on the limits and
best practices of practice testing are mixed. For example, incorrect
answers on multiple-choice practice quizzes can incline students to
again choose the incorrect answer later [26, 65]. However, providing
feedback - i.e., the correct answer to practice questions answered
incorrectly - can instead result in improved performance [57].

In contrast, some researchers find that incorrect answers are
more valuable than correct answers in enhancing learning and
suggest that deliberately taking challenging tests would be a more
effective learning strategy than avoiding errors [40]. Most literature
agrees that feedback is valuable to students [50]. Delaying feedback
may also enhance retention over immediate results by allowing
the memory of incorrect answers to dissipate or by providing an
additional instance of distributed practice [13].

The literature is similarly divided on the efficacy of multiple-
choice questions as compared to short answer questions. Unlike
short answer questions, the presence of answer choices exposes
students to potential incorrect answers [65], and some researchers
have found short answer quizzes to be more effective, perhaps due
to being cognitively more demanding than multiple-choice [49].
However, other research did not find a difference between multiple-
choice and short-answer effects [24, 52], and suggested that the
testing effect is still operative when the formats of the practice tests
and summative exam do not match [24, 25].

Practice testing is less effective for students who are already
high-performers due to a ceiling effect [32, 38] or when academic
integrity is not enforced during practice, allowing students to take
shortcuts and reducing engagement with the material. This latter
case is especially relevant when practice tests are administered
outside of the classroom [72] or when the tests are online [20].

2.3 Practice Testing Tools and the Global South
Many educational technology solutions have been built to facilitate
practice testing, whether online tools for traditional classrooms [53]
or as part of wholly online courses [51]. Whether the technological

The derivative of the function f defined by f(x) = (2 x^2
+ 2x - 1)/(2x - 1) is:
A: f’(x) = (x - 1) / (2x - 1)^2 ;
B: f’(x) = 4x / (2x - 1)^2 ;
C: f’(x) = (4 x^2 - 4x) / (2x - 1)^2 ;
D: f’(x) = (4x(x - 1))/(2x - 1) ;
E: Skip this question.

Figure 2: An example quiz question used in the study trans-
lated from French. The correct answer is C.

medium affects the value of these tests is contested. Some have
found computerized quizzes encourage a "quiz to learn strategy"
that is distracting and less effective than other methods [10], while
others found that administering online quizzes can have large and
positive impacts on final exams and grades [4, 11].

Technology tools for practice testing also include interactive
tasks integrated into connected classroom technologies that provide
students and teachers with immediate performance feedback [68].
One implementation common in university lectures are physical
audience response devices, popularly known as "clickers," which
allows teachers to administer multiple choice quizzes within the
flow of a lecture [3, 67]. However, such tools may be out of reach
for many resource-constrained classrooms.

2.3.1 Testing Effects in the Global South. It may not be valid to
assume that practice testing techniques and the tools designed
enable them will be equally useful in the Global South. Our review
of the past research in practice tests showed that it has almost
wholly been conducted in developed contexts, mostly in the United
States [15, 19, 23, 38, 49], and especially the American Midwest [48,
64, 76]. However, pedagogy is a complex and situated process, and
teaching practices - such as practice tests - cannot be successfully
transplanted without considering the cultural role of education,
the typical practices of educators [37], and learning styles in the
destination context [36].

Literature on practice tests draw from cognitive and psycholog-
ical explanations to describe how these tests confer educational
benefits [13, 15, 48, 63]. However, cognitive effects are increasingly
recognized as not universal, but heavily influenced by cultural
and contextual factors [33, 56, 74]. As such, our research ques-
tion is determine whether a practice test intervention produces
these or different effects when deployed to students in Cameroon,
a non-Western, lower-middle income, country [28] with a different
educational system than in prior practice test literature.

While there is some prior work in developing contexts which
addresses participation in quizzes in formal education [60] and
the effectiveness of quizzes in informal education [21, 31], to our
knowledge, there is no work addressing the testing effect and other
benefits of practice tests in subaltern educational systems. We high-
light how our SMS-based intervention was designed to produce
practice testing benefits, deploy and analyze its impact, and then
discuss how it was perceived and utilized by students.

3 DESIGN OF INTERVENTION
Our intervention delivered multiple-choice practice questions to
students’ personal phones via SMS. We chose to use SMS due to
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the high rate of cellphone adoption in Cameroon [2], and because
of affordances provided by its push-based and near-synchronous
nature [61, 62]. We built an automated system to administer the
tests and evaluate student answers. Students could respond toll free
by replying with the letter of their answer choice.

Students received four questions per week, one per day, Mon-
days through Thursdays. Feedback was sent the following day, on
Tuesdays through Fridays, and consisted of the letter and short
description of the correct answer to the previous question. Finally
on Fridays, students also received a summary of their performance
for that week as well as their performance for up to three prior
weeks. Students were sent all messages regardless of whether or
not they responded to any questions.

Design decisions weremade in collaborationwith local educators
and informed by feedback from a previous pilot study. For a more in-
depth discussion of the quiz interaction and the technology behind
it, we invite the reader to review our prior work [60]. In this paper,
we focus on the aspects of the design related to practice testing.

3.1 Embedded Design Intentions
As discussed in Section 2.2, low-stakes quizzes can improve stu-
dents’ academic performance on summative exams by asking stu-
dents to recall previously learned material, allowing students to
assess their mastery of the tested knowledge, and prompting stu-
dents to study in a distributed and more frequent manner. While
there are additional benefits to practice tests, these are the benefits
we focused on in the design of our quiz intervention.

3.1.1 Invoking the Testing Effect. We aimed to invoke the testing
effect by covering material that would have been previously stud-
ied in secondary schools in our context. We worked with local
secondary school teachers to write multiple-choice questions for
various subjects in the baccalauréat. Subjects covered included
chemistry, English and French language, geography, history, litera-
ture, mathematics, natural science, philosophy, and physics. Ques-
tions had either three or four answer options, and an explicit option
to "skip this question" was added to encourage responses and en-
gagement even if a student did not know the answer. Example
questions are shown in Figure 1 and Figure 2.

Another way we designed these practice tests for the testing
effect was to cater the set of questions to each student taking the
quizzes. This was necessary because the baccalauréat had several se-
ries with different mixes of subjects of varying weights and distinct
diplomas conferred at the end. We asked students which bac series
they intended to take and weighted the occurrence of questions to
match the corresponding weights of subjects in the reported bac
series. This increased the relevance of the quizzes to students in
different series and improved chances that students would receive
questions related to their own curriculum.

3.1.2 Encouraging Formative Self-Assessment. We included two
types of feedback in our quiz intervention to encourage formative
self-assessment. Most directly, we grouped questions by subject
per week and included performance feedback at the end of the
week, describing to students the number of questions answered
correctly that week. This allowed students to more easily relate
poor performance in a week to weakness in a subject area. We

also provided a record of the students’ performance for up to three
previous weeks to encourage goal setting and progress tracking
over longer periods of time.

Even if students did not answer any quiz questions, we provided
answer feedback, a short description of the correct answer, the day
after each question was originally asked. This short delay allowed
students to retain some context, as the previously received message
would be the relevant question and still be visible even on relatively
small screens. At the same time, the delay between receiving the
question and the answer encouraged spaced practice.

This delay also allowed us to send the same questions to multiple
students without some students receiving the answers earlier and
sharing them with friends. While we were not concerned with
students discussing questionswith each other, we did notwant them
to copy answers without engaging with the questions, reducing the
value of practice [72]. By synchronizing answer feedback via SMS,
we hoped to avoid students taking shortcuts that would otherwise
be possible on quizzes outside of the classroom.

3.1.3 Prompting Distributed Study. Finally, we prompted students
to study in a distributed manner by scheduling a message to be sent
to a student every weekday. Questions were sent in the evenings to
avoid conflicts with daytime activities and match typical hours for
studying. Because the quiz intervention would automatically move
on to the next question after 24 hours, students were encouraged to
answer when they received these questions or their answers would
not be counted. This strict timing was enabled by the SMS-based
and automated nature of our intervention design.

In addition, our practice tests contained a mix of simpler and
more difficult questions. Challenging questions, such as math and
physics problems, English translation, and reading comprehension,
could not be answered by simple recall. Instead, we structured these
questions to require the student to deliberate on the problem or
look up required information. By providing challenging questions
on a timed basis, we hoped to encourage students to spend time
studying on an evenly spaced schedule.

4 FIELD STUDY AND FOCUS GROUPS
We evaluated the impact of SMS-based practice tests via a field
experiment with 1924 students in their final year of secondary
school in Yaoundé, Cameroon. These quizzes were delivered over
a nine-week period from the start of March 2019 to mid-May. We
conducted focus groups with students and collected data from
student participation rates and bac pass lists.

All procedures were approved by two IRB boards and permitted
by the Cameroon Ministry of Scientific Research and Innovation.
Additionally, we collaborated with PICHNET, a small research-
oriented NGO based in Yaoundé. They were involved throughout
the design of the quiz instrument and field study to ensure that
both were appropriate and did not harm students.

4.1 Intervention Procedure
4.1.1 Study Sites. Though Cameroon is officially a bilingual French
and English-speaking country, most students in the east and south
regions attend the francophone education system. Our study sites
included 23 francophone schools in Yaoundé that offered terminal
year studies. These schools were selected in partnership with the
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regional office of the Ministry of Secondary Education. As the office
was interested in targeting and addressing student achievement in
this project, our sample consisted of mostly schools in the bottom
half of bac pass rates in the city.

At least one school was chosen for each of the seven boroughs
of Yaounde to give us a broader view of student attitudes and
experiences, as neighborhoods within the city were qualitatively
distinct. Different neighborhoods were dominated by certain ethnic
tribes or socioeconomic classes which may influence schools and
the educational aspirations and performance of their students.

Cameroonian schools varied widely by curriculums, resources,
and quality of education. Our sample included a mix of public,
private, and religiously affiliated schools. Secondary education was
not compulsory or free, and both pubic and private schools charged
tuition. Public schools tended to have larger student bodies and class
sizes than private and religious schools. The average annual tuition
for public schools in our sample was about 48,000 Central African
Francs (XAF) (about $87 USD) compared to the average of 185,000
XAF ($337 USD) for our private and religious schools. As a national
average, education accounted for 9% of household expenditures in
2007 [77]. Our sample included seven public schools, 16 private
schools, and one religious school.

4.1.2 Recruitment and Sampling. Staff at our local partner, PICH-
NET, helped recruit participants, served as a local point-of-contact
for students, and provided logistical support. PICHNET’s local con-
tacts also helped us recruit educators to contribute content to our
intervention and negotiate access to schools and bac results.

We recruited students in-person with a paper consent document
and an Open Data Kit-based recruitment survey through December
2018 to January 2019. With the help of the Ministry of Secondary
Education, PICHNET worked with school administrators to set
aside some time during normal class hours to perform the recruit-
ment. Field staff gave a short presentation describing their NGO, the
purpose of the study, and that participation was optional. Recruited
students provided their mobile phone numbers, basic demographic
information, and their plans for the baccalauréat. We filtered out
students who gave invalid phone numbers or reported that they
were not planning to take the bac that academic year. Regardless
of consent to participate in the SMS study, students received 4,000
XAF ($7 USD) for their time during recruitment.

In total, we recruited 1924 students. From this sample, we ran-
domly selected two groups of 500 students. The first group received
our practice test intervention. The second group received positive
messages that simply encouraged students to study. This group
acted as a control against the effects of receiving any messages at
all. 924 remaining students received no messages.

4.1.3 Practice Test Intervention. Students in the practice test treat-
ment group received one question per day, Mondays through Thurs-
days, and answer feedback the next day. To improve the relevance
of questions for students taking different series of the bac, we sub-
divided our treatment group to assign different "courses" of practice
material. This was based on the bac series that students intended
to take, which was self-reported during the initial recruitment.

We built three sub-groups: students who would be taking a series
focused on earth sciences (e.g., baccalauréat scientifique: sciences de
la vie et de la terre), those focused on literature (e.g., baccalauréat

littéraire), and those testing in the social sciences (e.g., baccalauréat
économique et social). Students who reported an "other" form of bac
were grouped with the social sciences, as this series was the most
balanced in subject weighting. In total, we had 158 students in the
earth sciences group, 267 students in the literature group, and the
remaining 75 students in the social sciences group.

4.1.4 Positive Messaging to Encourage Additional Study. "Just-in-
time" positive motivational messages have been used in many do-
mains to encourage behavior change [35, 39, 75]. In our study, these
messages served as an additional control and were intentionally
scheduled at the same times and rates as the quiz messages to
prompt students to study at those times. Thus, the positive mes-
sages were designed to capture some of the benefits of additional
study and spaced practice. By comparing the experiences of the
practice tests group and positive messaging control, we hoped to
determine if there was something about the quiz that would benefit
students beyond the effect of encouragement and study reminders.

Students in the positive messaging group received one message
per day, Monday through Friday, during the same nine-week inter-
vention period. These messages were adapted from a set written by
a local motivational speaker. In general, these messages contained
advice and value-laden statements of societal mores interspersed
with encouragement to study diligently for the bac.

4.1.5 Intervention Timeline. The intervention period for both prac-
tice test and positive message groups began in March 2019. The
weekend before the first quiz or positive message, students in both
groups received a series of introductory messages describing the
purpose of the intervention they were about to receive. We told
students that participation was free and any SMS replies would not
cost them any airtime. Finally, students were reminded of PICHNET
and the recruitment process earlier in the year and given contact
details for a staff member to answer any questions that they might
have as well as the physical address of the PICHNET offices.

This introduction was intended to build legitimacy and trust
in the intervention in hopes of encouraging higher participation
rates. Starting the intervention in March, when students were still
attending classes, also contributed to this end by allowing students
ask their classmates about the messages they received.

The treatment period lasted nine weeks until the end of May
2019. The month of May was a period of independent study with
no regularly scheduled classes, and students prepared for the bac
outside of the school. Students received at least one message per
weekday. Unless a student unsubscribed, a total of 36 quiz questions
(or 45 positive messages) were sent during the intervention period.
Students received their final message the weekend before the first
bac was scheduled to prevent overlap with the exam period. This
closing message notified them of the end of the intervention and
wished them luck on their upcoming exams.

Students sat for the bac at the end of May 2019. After all bac
testing was completed but before results were announced, we con-
ducted focus groups over the course of two weeks at the end of
June 2019. Results for the bac were publicly released in mid-July.
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4.2 Data Collected
In addition to participation rates measured by responses to the prac-
tice test intervention and some demographic information from the
recruitment survey, we invited students to focus group discussions
and collected publicly posted bac results.

4.2.1 Focus Group Discussions. PICHNET staff recruited students
for focus groups from our quiz and positive messaging groups by
calling them via their provided phone numbers. We explained the
purpose of the focus groups and that participation was optional, and
students filled an additional consent form. Focus groupswere held at
the PICHNET offices which were centrally located within Yaoundé.
Students who participated in our focus groups were compensated
an additional 4,000 XAF ($7 USD).

Focus group discussions centered on understanding students’
experiences in our study and preparing for the bac. We discussed
the resources and methods that students used to prepare, how they
perceived and interacted with the intervention messages, how it
could be improved, and whether they shared the messages with
others. We did not recruit students from our control group as we did
not expect to get valuable feedback from students about messages
which they did not receive. We did not ask questions about students’
performance to avoid discomforting participants.

We conducted a total of 11 focus groups with 58 students (33
women and 25 men). 33 students were in the practice test treatment
group, while 26 received positive messages. Students came from 12
different schools: 32 students from five public schools, 16 students
from six private schools, and 10 from one religiously affiliated
school. Five of the focus groups included only students who received
quizzes, while two groups included only positive message recipients.
The remaining four groups included a mix of students.

All focus groups were conducted in French by local, multilingual
moderators, and lasted on average about 1 hour and 30 minutes.
We worked with the moderators to translate the questions from
English and gauge their appropriateness. The sessions were audio
recorded, transcribed, and translated into English for analysis. We
used thematic analysis for our focus group data [9]. Codes were
generated by reading and re-coding the transcripts multiple times.
Examples of low-level codes were: “liked immediacy of quiz answers”
or “liked the diversity of questions.” Codes were then grouped into
themes, which were reviewed and restructured. Our findings are
drawn from our high-level themes.

4.2.2 Baccalauréat Pass Lists. In July 2019, bac results were publicly
posted by testing centers throughout Yaoundé (Figure 3). School-
level summaries of results were also typically published in news-
papers. These results were pass lists, naming all the students who
passed the bac from that testing center. If a student passed with
honors, that honor was also mentioned in the pass list. PICHNET
staff members collected these results by physically visiting testing
centers and making photocopies of posted results.

Testing centers for the bac were typically schools, but not all
schools offered examination or for all series of the bac. Schools
often partnered with each other to ensure that their students had a
testing center for their particular exam. We retrieved bac results
from 14 testing centers in the city of Yaoundé, focusing on schools
either directly in our sample or partnering with schools in our

Figure 3: Results for the bac posted outside of the school Ly-
cée Elig-Essono. This location served as a testing center for
multiple other schools. Photograph by Valdez Djampop.

sample. Though it was possible there were cases where students
took the bac elsewhere, excluding their result from our data set, we
believed these to be rare cases that would not systematically skew
the accuracy of our analysis.

Examination results were listed by the students’ full name. While
examinees were assigned a unique registration number, this number
did not match up with other identifiers known to us, and thus we
could not use it to identify our students. However, because none of
our students in our sample reported having the same full name, we
were able to use student names to match bac results for students in
our sample. We used double-entry by two different staff members
to reduce errors in the digitization of bac results.

5 RESULTS
Our results include a quantitative description of participation in our
quiz intervention. We discuss students’ assessment of the studying
benefits of our practice tests and the use of SMS. Finally, we provide
an analysis of baccalauréat pass rates.

5.1 Active Participation in Quiz
We define active participation as students replying to a quiz question
that could be parsed and understood by the automated system
managing the practice test. About 228 students, or 45.6% of the
students in our quiz treatment group, actively participated at least
once during the nine-week intervention period. This is likely a slight
underestimation, as there were three days in which an operational
issue prevented student responses from being handled and recorded.
However, 37 students unsubscribed during the quiz.

Overall, participation was substantially higher than that reported
by a similar intervention in Cameroon, which was 36.4% of students
[60]. This may be due to greater effort in this study introducing
the quiz and the organization behind it and providing avenues for
students to determine their legitimacy, changes based on recom-
mendations from that prior work. For example, we added support
structures, such as a physical address and manned telephone line,
where concerns could directed to improve trust. We made efforts
improve student engagement by making quiz content more relevant
and challenging and extending the intervention period. Finally, our
quiz was structured to send more messages to students even in
cases where they did not actively respond to questions.
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5.2 Experienced Benefits of Practice Tests
From analysis of our focus group data, we identified three key
ways in which students perceived practice tests to help: formative
assessment, cued recall of past-learned material, and review of
related material.

5.2.1 Formative Assessment Informing Study Strategy. Students
used the quizzes to discover gaps and weaknesses in their knowl-
edge. During our focus groups, some students professed to using a
strategy that concentrated their efforts on reviewing material with
which they were mostly familiar. This allowed them to bolster their
scores in these subjects, but meant they were potentially conceding
lower scores in other subjects. While not all students described
using this strategy, for such students, the formative assessment
benefits of a practice test could be eye-opening:

"There were questions in English, and that’s where I
really saw that I did not know . . . and I realized that I
really had gaps in English, and it allowed me to review."
[FGD04:Quiz:P4069, Woman]

Students reported surprise at being scored incorrect on questions
they thought they answered correctly and were frustrated and dis-
couraged. Such discouragement could reduce future participation,
but other students described these cases of incorrect answers as
useful opportunities to fix areas of weakness. Students used these
questions to discover and learn new knowledge, as described below:

"It also helped me because I had not read all the literary
works, and in philosophy I also discovered certain things
that I did not know." [FGD01:Quiz:P4698, Woman]

5.2.2 Testing Effect through Cued Recall. Though not necessarily
written by their own teachers, students felt that practice test mate-
rial was relevant to their past studies, and it cued recall of previous
learning experiences. For some questions, students reported being
able to answer the question from memory, and in such cases, the
practice test exercised students’ retrieval routes. In the following
quote, one student described how some questions encouraged him
to remember older material from a prior school year:

"[The quiz] allowed me to recall some of the old stuff,
even if it was not directly related to the lessons we saw
in the terminal class." [FGD04:Quiz:P2251, Man]

5.2.3 Cued Review of Related Material. In some cases, the quiz con-
tent was different enough from what students experienced in their
own classroom that students never learned the material. Students
could not answer such questions from memory. However, a few
participants still reported benefits from these questions by being
driven to resources such as past notes, classmates, teachers, and
the Internet to find the answer. As one participant described:

"My teachers were my friends especially, so when I came
with a question . . . we try to debate it, and it becomes
the subject of a tutorial session. Because he explains
the answer, and he starts to show the source of where it
comes from, we remember something else apart from the
answer we received by message." [FGD04:Quiz:P2975,
Man]

Challenging questions could also support student’s learning by
pushing them to study and review related classroom materials, as
one participant describes below:

"It pushed me to look things up. Especially when a ques-
tion came, and I did not have the answer, so I went to
look through my notebooks. And the time that I spent
looking for the answer, I realized I was already review-
ing. [FGD02:Quiz:P3113, Woman]

By review and learning of related materials, students could im-
prove their memory of other knowledge in the same domain as
the question prompt. It is potentially through this mechanism that
the testing effect can improve student performance on summative
exams that inexactly match the curriculum of the practice tests.

5.3 Practice Tests for Collaborative Study
Like the participant who took practice questions to his teachers, sev-
eral students described how they chose to share their practice tests.
Unlike those administered in a controlled classroom, our quizzes
were received at home. This enabled students to share them with a
wide variety of parties such as students in their cohort, higher-level
students, family, and teachers. In this section, we describe some of
the reasons that students chose to share their quizzes.

Several students in our focus groups sought help for challenging
questions from teachers, elder siblings, and friends already in uni-
versity. This was particularly true for subjects on which students
were less familiar. For example, one participant described taking
some questions to her sister who was stronger on certain subjects:

"I was with my sister. Because we are close, when a
message arrived, if I had some difficulties, I showed her
the problem. She helped me if she knew the answer."
[FGD04:Quiz:P3641, Woman]

Students also shared the messages with peer study groups. This
could be partly to work on questions together or to allow friends
who did not receive the questions to also benefit. Sharing could
occur physically during study meet-ups or by forwarding the mes-
sages to others via SMS or other web-based platforms. A few stu-
dents reported having studying-oriented WhatsApp groups for this
purpose. One participant below described turning the quizzes into
a game shared among her WhatsApp group:

"[My classmates] told me that when I receive the mes-
sages, I should send them their way so they can also
answer. Finally, we turned it into a game; so when
I received the messages, I forwarded them, they an-
swered. And even when I was sent the answers, I also
forwarded them to check if what they did was right."
[FGD02:Quiz:P2387, Woman]

Some students shared their answers with each other to compare
notes. This allowed them to debate their respective answers, which
may have strengthened recall of the material by comparing their
reasoning. In general, students did not consider sharing the ques-
tions or seeking help to be cheating due to the preparatory nature
of the quizzes and lack of controls against cheating.

5.3.1 Positive Messages Less Likely to Be Shared. Like quizzes, we
found that positive messages also prompted distributed practice
due to being on the same daily schedule. One student described
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how the encouragement he received helped him spend more time
studying math, a subject he was not very comfortable with:

"At one point I had stopped studying a little bit, but
when I started receiving text messages, I went back to
work. . . . I had a very big problem in math because there
were a lot of things I did not understand. With these
SMS, I fought." [FGD03:PosMess:P3150, Man]

Students in our focus groupsweremore likely to describe positive
messages as personal and were less likely to report sharing them
as compared to practice test participants. 12 of 32 students who
received quizzes in our focus groups explicitly described sharing
their messages compared to 3 of 26 who received positive messages.
2 practice test students explicitly reported not sharing their quizzes
as compared to 6 positive message students. Thus, positive mes-
sages, even if they prompted our students to study, did not prompt
students to do so in a collaborative manner.

5.4 Affordances and Drawbacks of SMS for
Practice Testing

Students also commented on the affordances and limitations specific
to the use of SMS in delivering practice tests. Benefits of SMS are
driven by the fact that the medium enables push-based interactions,
which can be initiated without actions on the student’s part. This
is more difficult to achieve on both paper and web-based tests that
are intended to be taken outside of the classroom. Disadvantages
of SMS are primarily caused by the limits of text and high cost of
SMS. We describe how students experienced these aspects of the
SMS medium with specific relevance to practice testing.

5.4.1 Passive Participation. The push-based nature of our quizzes
meant that some students could potentially participate by simply
reading the quiz questions and performing a self-assessment when
the correct answer was received. Though students were told that
SMS replies would be toll-free, a few respondents, like the partici-
pant below, read the messages but were afraid of answering due to
concerns that they would be charged money to reply or participate:

"I still read from time to time . . . I did not try [to answer];
I was afraid that it would use my credit."
[FGD02:Quiz:P4662, Woman]

Avoiding the cost of replies did not stop students from reading
the questions or performing a self-evaluation when they received
the answer. We define this as passive participation, in contrast to
the active participation that is visible to the automated system. The
nature of the SMS medium and the fact that entire quiz content
was sent via SMS enabled this passive mode of participation.

5.4.2 Reliability of Feedback. Feedback was also a pushed message,
which increased students’ perceptions of its reliability. Because an-
swer feedback was always sent the day after the question was asked,
several focus group respondents described that they appreciated
being able to depend on receiving the correct answer the following
day and were encouraged to participate because of this regularity.
One student described the rapidity of answer feedback:

"The next day before asking a new question, there was
already the answer." [FGD08:Quiz:P3088, Man]

We were concerned that students would lose the relevance of
the correct answer due to this one-day delay, especially since it is
relatively common practice in our context for students to quickly
delete older messages to free up memory space. However, this
turned out to be a non-issue, and none of our participants described
problems relating answer feedback back to the original question.

5.4.3 Limitations of Plain Text Interfaces. SMS’s primary limitation
is its text-based nature. Though pictures can be supported through
MMS, this comes with additional airtime costs for both the quiz
administrator and the student. Questions in some subjects, such
as math, physics, and chemistry, were poorly suited to SMS due to
this limitation. Even questions which could be stated in text were
harder to understand due to limits on text formatting and special
characters. For example, the question in Figure 2 would be more
intelligible with super-scripting instead of using the carat character
for power operators. One participant pointed out this limitation on
basic phones, and suggested a multimedia enabled digital platform
would better suited for this content:

"For example, in mathematics, there are equations that
cannot appear in some ordinary phones likemine, so you
have trouble understanding what the message means.
It’s important to keep the format in mind, so why not
offer a digital platform...." [FGD06:Quiz:P0659, Man]

5.4.4 High Costs and Short Lengths. SMS also is costly on a per-
byte basis, and not all students have smartphones with large screens.
These both meant that it was difficult to send large amounts of text
at once. Thus, when we sent feedback, we were unable to include a
large explanation of how the correct answer was reached. This can
add to the opacity of answers and increase student frustration. One
participant described the need for more in-depth explanations:

"When you send the answer, I tell myself that there are
some questions that will need to be explained. It is not
enough to just send the answer." [FGD06:Quiz:P4684,
Woman]

5.5 Baccalauréat Pass Rates
We collected bac pass rates in July. Overall, 657 students of our 1924
recruited students passed the bac, for a total pass rate of 34.15%.
Of these, the vast majority of students passed without any special
honors. 48 students passed with assez bien or "pretty good," five
with bien or "good," and none with any other honor. The pass rate
of students in our study was much lower than the national average
of 60.19% reported by the Office of the Baccalauréat of Cameroon
(OBC) the same year [6], likely due in-part to the lower-performing
nature of schools in our sample.

Our measured rate may also differ from that reported by the OBC
due to the inclusion of students who did not take the exam in the
denominator. On publicly-posted pass lists, students’ names were
not shown if they fail the bac, so our pass rate could not distinguish
between students who failed the bac and students who simply
did not take the exam at all. Although this dilutes any possible
measured effect size, for the purposes of this analysis, we consider
the two non-passing cases to be the same. This is because, in either
case, the student did not obtain the diploma that would be valuable
for future career and educational prospects.
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Of the 657 total students who passed in our sample, 172 stu-
dents (34.40%) came from the practice test treatment. 167 students
(33.40%) passed in the positive messaging group. 318 students
(34.42%) passed in the control group. Due to the rank nature of
the dependent variable, we use a Kruskal-Wallis, one-way, non-
parametric test [41] to compare these groups. This test did not
show any statistically significant differences between the groups
(h = 0.1679, p = 0.9195). This suggests that students in all groups
experienced the same pass rate.

6 DISCUSSION
We discuss the implications of our results in relation to past work
on practice tests and work using SMS in developing contexts. In
particular, we describe how students’ experiences and usage of
our practice tests did or did not match our design intentions. We
consider the challenges we faced that relate to our use of SMS for
studying. Finally, we describe avenues for future research.

6.1 Extending Understanding of Practice Tests
In creating our quiz intervention, we aimed to embed specific ben-
efits of practice testing into its design. Students’ experiences both
matched these intended benefits and included unexpected advan-
tages. We discuss how our results provide more detail on the mech-
anisms behind the learning benefits of practice testing.

6.1.1 Testing Effect by Strengthening Knowledge Structures. We
found that practice tests can prompt students to recall prior learn-
ing experiences even if the quizzes did not match students’ own
curriculum. This is important because most past research on the
testing effect has assumed that the party providing practice ques-
tions is also the one determining the content on the summative
exam. Past work made use of practice and summative tests written
by the researcher [15, 50, 64], an individual teacher [19, 23, 38, 46],
or generated by the researcher from a teacher’s materials [48].

For some of the most important exams in a student’s career, this
assumption is not valid. Standardized tests, such as the baccalauréat,
are written or curated by a centralized testing board, and teachers
attempting to prepare their students for this test can only make
educated guesses at the exact contents of the exam. We find that
practice tests can still benefit students in these contexts by cue-
ing students to review related material, potentially supporting the
claim that practice tests can activate associated memories to help
students answer questions that were never directly learned [12, 17].
Challenging questions are also more likely to prompt additional
study, which might explain why more difficult practice tests can
lead to stronger test effects than easy tests [40].

To successfully review related material requires the student to
have a strong understanding of what constitutes "related material."
Students must have some existing familiarity with the domain of
the target material. Beyond simple memory operations, such as
information retrieval, practice tests also induce students to eval-
uate how question content relates to their existing knowledge of
the domain. By doing so, practice tests can enhance related re-
trieval structures to improve the learner’s skill and mastery over
that domain of knowledge [14, 18]. This effect may be related to
improving students’ organization of concepts, a benefit of practice
tests observed by previous researchers [79].

6.1.2 Formative Self-Assessment and Study Strategies. We find that
practice tests can serve to provide students with formative assess-
ment, in agreement with past literature [23, 46, 51]. Students used
our quizzes to identify shortcomings and knowledge gaps that they
described to be helpful to focusing their preparations for the bac-
calauréat. We also noticed that students had different strategies for
allocating their time to different study material, and these strategies
could be influenced by formative assessment. This suggests that
the benefits of formative assessment are uneven, depending on the
review strategies of the particular student.

6.1.3 Creating Distributed Classroom Environments. We intended
our practice tests to prompt study on an evenly spaced schedule
to help students retain learned material [38, 46, 47]. Our results
supported this, as students used the quizzes to focus their studies
at the times of their receipt, but that studying was not necessarily
done as individuals. Instead, our SMS-based quizzes served a social
role in connecting students with each other. The automated system
produced a synchronized schedule of questions, where classmates
would be working on the same question at the same time. Some
students shared messages with their friends only to realize later
that their friends had already received the same questions.

Several students in our focus groups described sharing quiz ques-
tions, working on them collaboratively, and comparing notes on
previously answered questions, whether through physical study
groups or in web-based chat rooms. While the quiz intervention did
not necessarily create these study groups or chat rooms, the shared
materials and synchronicity of the SMS-based intervention gener-
ated the environment of a distributed classroom, where students
had similar studying experiences and a shared social grounding
despite not regularly attending classes together during the month
of independent study in May.

Past work on practice tests outside of the classroom have avoided
sharing and focused on academic integrity to ensure students en-
gage seriously with the practice material [20]. However, in addition
to added benefits as a social function, sharing the practice mate-
rial could potentially be a sign of a deeper level of engagement
than keeping the material to one’s self. This is because students
are less likely to share material that is less interesting and because
shared material can lead to students reviewing related material
with their collaborators. Students did not see sharing quiz material
as “cheating” but the best way to make it into a learning experience.

6.2 Future of SMS in Mixed-Media
The experience of using SMS for practice testing was a mixed bag.
Our intervention had benefits related to its underlying medium,
namely the ability tomaintain a regular schedule to prompt students
to study and create a distributed classroom environment. These
affordances of SMS-based practice tests cannot be entirely replicated
in paper or web-based mediums. However, students also felt limited
by SMS’s text-only nature and were frustrated by the lack of more
detailed feedback that would have been easier with other mediums.
Some students explicitly suggested that we instead build a more
multimedia-oriented digital platform.

However, moving away from SMS is not necessarily without
costs due to how prevalent basic phones are in developing contexts.
Past work has found that even mobile instant messaging (MIM)
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platforms, such asWhatsApp, are not drop-in replacements for SMS
due to their need for smartphones [60]. In contexts where smart-
phones are not widespread or well-accepted as educational tools,
we suggest that a mixed media approach may be most beneficial.
For example, mixing paper-based practice test materials with SMS-
based scheduling and reminders may allow students to capture the
unique benefits of both modes.

6.3 Limitations
Our work included several limitations related to the measurement
of baccalauréat pass rates. One of the biggest limitations was the
nature of bac pass lists which required considerable effort to gather
from testing locations throughout Yaoundé. Digitization was also
challenging due to the lack of a common identifier and the need
to instead match results by student name. Though we focused our
efforts for the highest coverage of students in our samples and used
double-entry to reduce errors, there is still a possibility that we
missed some students when gathering results. Finally, the binary
pass-or-fail nature of pass lists and the lack of visibility on whether
students failed or did not take the bac greatly reduced the ability of
our statistical analysis to detect any effects.

In addition, as a field study conducted outside of a controlled en-
vironment, we could not enforce isolation between groups. Though
we sent practice test content to students’ own phones outside of
school hours, we had no way to prevent students from sharing
with their classmates, who may be in other study conditions. In
fact, some of our participants explicitly described doing so. Further,
though some students reported using the quiz passively, we had
no way to measure how prevalent or deep this engagement was in
comparison to active participation.

Despite these limitations, the bac is still an interesting instru-
ment to measure student learning. It is a real-life exam, evaluated
by an independent grading board, with great consequences to our
students. Studying the testing effect on standardized exams is per-
tinent to real educational outcomes, but gathering results on actual
standardized exams can be difficult due to the privacy sensitivity of
such results. This was only possible for our work due to the public
nature of pass lists.

6.4 Future Work
Our work suggests several directions for future research. One direc-
tion relates to practice tests and the testing effect for standardized
exams such as the bac. Given the prevalence of standards-based as-
sessment in many formal education systems, students in Cameroon
are not the only ones whose educational futures are tied to a high-
stakes standardized exam. Future work could examine the effect of
practice testing on similar exams such as the SAT and other national
exit or admission exams. As students’ preparations for these exams
occur over longer periods of times, effective use of practice testing
may also need to occur over a similar duration. Analyzing exam
outcomes at a more granular level than crude pass or fail would
provide more visibility into the impact of practice testing.

We also suggest several directions for study related to the differ-
ent modes that students engaged with our quizzes. This includes
collaborative study of practice test material. For example, future

work on practice tests outside of the classroom is needed to distin-
guish between helpful and non-helpful aspects of collaboration and
design materials to selectively encourage the former. Collaborative
practice tests can also be explored within a classroom environment
and doing so may also shed light on what, if any, are the benefits.
Because high-participators and high-performers are often over-
lapping sets, designing explicitly collaborative interventions may
encourage participation from students who would otherwise be
less inclined but whom stand to benefit the most.

Another future direction for studying practice tests include ac-
tive versus passive participation and what differences exist in their
impacts. This is not limited to education but relevant for any in-
teractive intervention that is delivered via any remote, push-based
mechanism, such as SMS. Better understanding the benefits and
limitations of passive participation can potentially lead to better
designed interventions to improve the experience of passive par-
ticipators. Designing interventions solely for passive participation
may also be more cost-effective, which is relevant to resource-
constrained settings in ICTD.

Our work was situated in Cameroon, a sub-Saharan developing
nation. We encourage more work in educational technology to be
situated in non-Western contexts. Work based only in the Global
North cannot be assumed to be evenly applicable to the entire globe,
and comparative work can produce valuable insights. In our study,
features of the context resulted in a set of practice testing bene-
fits being highlighted that were less visible in prior literature. A
further and deeper inspection of Cameroonian students’ learning
styles and the role of education could contribute to the growing
body of research in comparative pedagogy and comparative be-
havioral science. Future academics could also take a critical stance
to interrogate the role that colonial educational systems have in a
postcolonial setting such as Cameroon.

Finally, technology differences in Cameroon led us to explore
the relative benefits and disadvantages of SMS for practice testing.
Work using SMS has a long history in developing contexts, but we
encourage future work to consider using SMS in conjunction with
other media in order to overcome some of the limitations of an
SMS-only interaction.

7 CONCLUSION
This paper describes an SMS-based practice test intervention that
sought to help students prepare for the bac, a high-stakes stan-
dardized exit exam in Cameroon. We deployed the intervention for
nine weeks with 500 students from 23 secondary schools, collecting
data via focus groups with students, participation behaviors, and
bac pass rates. We found that students used the practice tests for
formative assessment and as a prompt to study that could help
them recall previously learned material and improve knowledge
of related material. Students also used the quizzes in a collabora-
tive fashion that could signify a higher degree of engagement. We
describe how automated and push-based mediums like SMS can
lead to reliable feedback, enable passive participation, and create a
sense of a distributed classroom environment. However, students
found the text-based, short-length, and high-cost nature of SMS
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limiting. We suggest directions for future work in SMS-based in-
terventions and for practice testing more broadly on standardized
exams, collaborative studying, and in non-Western contexts.
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