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Community Tests for Supporting
Online Learning of Programming
Jozef Tvarozek, Peter Jurkovic
Abstract: In the paper we focus on supporting online learning of programming through communitydriven tests. We propose an approach to testing student solutions using tests created by students. The
community tests simplify student work on solving exercises, and the learning system can automatically
provide focused help to struggling students. We evaluated the proposed solution in an existing online
learning system for programming. Results show that students used the new features often, and when
examining the impact on learning performance, moderately active students had better performance than
inactive student, while using the testing feature too much indicated worse performance.
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1. INTRODUCTION
Education technology has been changing over the years in order to find most
effective ways of learning. Universities also embrace new forms of education, and many
have created their own online educational systems that support their large student groups
in learning. Social presence and a sense of community have been found to be important
for effective learning and knowledge building [3]. Community is a social unit that shares
common values. A learning community [1], such as a school or class, is characterized by
willingness of its members to share resources, accept and encourage new membership,
regular communication, systematic problem solving and preparedness to share success.
An online learning community [4] is a group of people, connected via technology-mediated
communication, who actively engage one another in learner-centred activities to
intentionally foster the creation of knowledge, while sharing a number of values and
practices [6].
One way of including community in learning is through user-created content, which is
being more and more included as a feature of online education because it encourages
deeper engagement in learning. Teachers are starting to adopt supportive role while
students are adopting roles of producers and commentators. The best known social
software tool allowing knowledge creation using user-generated content is Wiki. Using a
Wiki page, users can publish new content directly to the Web, including text, images and
hyperlinks but also can edit already existing content. Despite some initial difficulties with
adapting to this tool, Wiki pages were proven useful in creation of subject-specific
knowledge bases [8]. There are however obstacles when involving community: motivation
and passivity. When members of the community are not motivated enough active the
benefits of being in it are lower. So not only current members are not contributing, but also
the potential new members won’t have a reason to join the community. Often, community
members become members only to gain something. They want others to help them but
offer no help in return. And if there are not enough people willing to help, the whole
purpose of community is not fulfilled. It’s also quite common for a community to form a
core of some sorts, which consists of few individuals who are experts and are the main
source of knowledge in the community. When this happens, there is a big risk that when
someone from the core leaves or is not available, the communication in the community
becomes much less frequent [2].
In our project, we are interested in engaging community in learning programing
online. That is, we want to make use of effort each individual student is making, and use it
to help others. In online learning of programming, learner’s performance is typically rated
by evaluating their programs, which are usually tested automatically. Before submission,
students usually prepare test inputs and (corresponding) outputs for testing their own
submissions. We aim to make use of the tests that individual students create, and have
the tests reused (in appropriate situations) for other students.
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We designed a solution that: 1) identifies the most appropriate test case for each
struggling student, and that 2) makes it for students very easy to use the testing feature
with only a single click. Given that hundreds of different tests cases are available, for
students to use the testing feature effectively, it is necessary to select appropriate test
cases individually.
2. INVOLVING COMMUNITY INTO LEARNING
In typical online learning of programming, students solve programming exercises and
their answers are submitted for evaluation against test cases. In high stakes scenarios,
such as course exams, the test cases may be kept hidden from students in order to
prevent the students from hard-wiring correct outputs of the test data into their answers.
Provided that the test data is open to students, they can examine their incorrect answers
and try to repair them based on the test cases, and resubmit corrected solution. Whatever
the programming exercise, however, teachers (content authors) cannot possibly cover all
aspects of the exercise’s problem description using tests, and therefore the test data is
often times actually insufficient to completely evaluate correctness of students’ answers.
Nonetheless, even insufficient test data is usually useful for learning.
Many students prepare their own test cases for testing of their own answers before
submitting. We have designed a solution for online learning of programming that facilitates:
1) test creation and test execution for each individual student and, 2) reuse of tests
created by other students. Considering a medium-sized course with hundred students,
each producing some two or three test cases of average, we easily can have 200 to 300
test cases available. It would not be very effective for every student to analyse answer
(source code) against each of these test cases, but it is important to select appropriate test
so that efficient learning can occur. Based on the zone of proximal development, we select
the test case that should be the easiest for the particular student to repair.
The proposed solution is an extension of an online learning system for programming
[7] which is similar to learning systems used at other institutions. In each course, students
solve weekly programming exercises in an online code editor. Students can write code,
submit the code for evaluation against hidden test data, and resubmit until the solution is
accepted. In this proposal, we extend the system with a use testing facility that helps
students write correct solutions – the code editor is extended with test status list (Figure 1),
which contains the current status (OK, FAIL, or N/A) of each test that is available to the
student against the current source code. Each student may have a different set of test
cases available.

Figure 1. Current status of testing (left) and source code editor (right)
Student can create a test by clicking the plus sign and filling in the test’s title, input
data and expected output data for the test. Student activates a test with a simple click into
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the test’s row, and the current source code is immediately retested in a sandbox
environment on the server, with the testing result updated in the web page. In case the test
fails, that is the program’s provided output is different to the test’s expected output, a
difference analysis (Figure 2) is provided to facilitate locating the error.

Figure 2. Analysing differences in provided output vs. expected output.
Tests that students create are reused for other students to help them find errors in
their answers more quickly. When a struggling student submits a source code for
evaluation, and the submission is evaluated as wrong (fails on some hidden test), our
method selects a community test from all the tests available, such that the test selected is
the most easiest for the struggling student to correct (repair in the student’s current
solution). Each student may, therefore, have different tests available for testing (Figure 1)
depending on the pattern of incorrect answers he/she submitted.
For each available test, we keep statistics on how well the test is performing –
passing/failing based on whether the corresponding source code (answer) was evaluated
as correct or wrong – we keep four counters: fail_wrong, fail_correct, ok_wrong,
ok_correct for each possible combination; e.g. fail_wrong is the number of submissions for
which the test failed and the submission was evaluated as incorrect, fail_correct is the
count of submissions for which the test failed while the submission was evaluated as
correct (the test is either invalid, or is testing an aspect of the problem not covered in the
hidden test data used in evaluation), etc.
The counter ok_wrong is the most interesting one, because it tracks the number of
submissions which were evaluated as incorrect, but the test has passed. Provided that the
test is according to the problem’s specification, this statistic (ok_wrong) provides us with
information on how difficult the test is to pass.
In our proposal, after a struggling student submits an incorrect answer, we select the
test with the highest (ok_wrong/submissions_count) ratio that is not yet available for the
student in the test status list. That is, we make available (publish) the easiest-to-pass test
such that the student’s submission is not yet passing the selected test. In this way, we aim
to support the struggling student with a hint – community-based test – that is the most
easiest to repair in student’s current submission.
3. EVALUATION AND RESULTS
We evaluated the proposed method in an online learning system for programming [7]
in a programming course on algorithms with 105 students actively participating. We
evaluated how students use the testing facility – test creation, test usage, and test
publishing – and how it affected student performance. The students used the proposed
method for 5 weeks during the course, and were given 15 programming exercises to solve.
Test creation. Total of 386 tests were created (avg. 3.67 per student). 71.4%
students created at least one test, 5.14 per student. An average of 25.73 tests created per
exercise, and time-wise: average of 7.14 tests created per day. Test creation was
relatively consistent each day, while most tests were created when there was a course’s
deadline on the exercises. There was not an even distribution among authors of tests:
overall only 16 students created more than half of all tests.
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Test usage. Total of 24 375 test evaluations were performed during the study
duration (avg. 232.14 per student). 96.2% students used at least one test. On average,
451.39 tests were evaluated per day. We also analysed the type of the tests that students
used to run – teacher-created example tests (22.5%), own tests (14.1%), published tests
(63.4%). Figure 3 contains a breakdown per day. We can see that students used the tests
that were selected by the method extensively.

Figure 3. Breakdown of test usage per day and per type.
Test publishing. Total of 1636 wrong submissions we recorded during the time, and
54.9% of the time we could select an appropriate test for the struggling student. 130 out of
the 386 tests that were created were also published at least once to another peer student,
and 54.6% test creators (students) had their test published. 88.5% students received at
least one test, on average 34.57 tests were published (based on incorrect submission).
We see that students are able to create tests that are valid and usable by others.
Effect of test creation on student performance. We examined how students who
created tests performed in solving the exercises. Students who created no tests (30
students) had a success rate 45.6%, while students who created at least one test had
success rate 62.4%.
Effect of test usage on student performance. We examined how students usage
of the testing facility resulted in better performance on solving the programming exercised.
We computed average test usage per task, and based on that compared students divided
roughly in half: the success rate in the group that used fewer tests was 52.9%, while the
success rate in the group that used more tests was 62.8%. Within the groups, the success
rate varied, for breakdown see Figure 4. Overall, the success rate slightly increased with
increase in test usage.
Effect of received tests on student performance. Lastly we look on how the
number of received tests affected student performance. Comparing those who did not
participate and those who did shows significant difference: No-tests-received (group size
12) – 27.7 % success rate, Some-tests-received (group size 93) – 61.4 % success rate.
When examining more closely the students that received tests (Figure 5), we can see
varied performance similar to the previous examination. In the class, we have observed
that students were tricking the system to pass already available tests by hard-wiring the
expected output so they can receive more. Similarly, the success rate slightly increased
with increase in the number of tests student received.
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Figure 4. Effect of average number of test usages on success rate.

Figure 5. Effect of average number of received tests on success rate.
4. CONCLUSIONS AND FUTURE WORK
The goal of our project was to improve online programming learning through
involvement of community of peers. We proposed a novel approach to testing –
community tests – tests are created by students and they are published automatically to
struggling students based on submission’s error. The tests can be executed very easily
with a single click, and differences between the expected and actual output are visualized
to facilitate debugging.
In order to evaluate the proposed approach we collected data on 105 students using
the community testing feature in an online programming course on algorithms. The results
indicate that the new feature was indeed used by majority of the students and was also
well received. Students were able to create valid tests with varying difficulty that enabled
the system to provide other students with appropriate tests when the submission was
wrong. Effects on learning performance appear to be positive: students who used
community tests demonstrated better performance compared to those who did not use
them at all. However, the most active students were less successful than the moderately
active students.
In future, we plan to improve the method for determining the most useful test by
allowing students to rate and comment the tests they received. Comments could also
serve as useful user-generated hints.
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