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Abstract—Systems for Teaching and Assessment using Computer Algebra
Kernel (STACK) is a computer-aided assessment plug-in for the Moodle learn-
ing management system that provides sophisticated tools for student assessment
in mathematics and related disciplines, with emphasis on formative assess-
ment. In the last four years, IDEMS international has supported the School of
Mathematics at Maseno to integrate STACK and use it in the teaching, learning,
and assessment of undergraduate students in nine courses. One of the courses
was “Introduction to Complex Analysis”, a third-year course shared by students
taking mathematics-related programs from different faculties within Maseno.
This paper reports on an evaluation of learner behavior in the Complex Analysis
course using data from the STACK weekly quizzes done in that course, the final
exam, 20 key informant interviews, and 4 focus group discussions.

Keywords—using Moodle STACK at Maseno, learner engagement with
STACK, online assessment in STEM

1 Introduction

The use of digital technology in teaching, learning, and assessment is becoming
more common today [2], [6], [9]. This is due to a number of advantages that come
with it such as; boosting collaboration, preparing students for the future, and provid-
ing a more engaging learning environment among others. STACK is a computer-aided
assessment plug-in for the Moodle and ILIAS learner management systems. It adds a
sophisticated assessment in mathematics and related disciplines, with a lot of emphasis
on formative assessment underpinned by computer algebra. Figure 1 shows an example
question, along with the student’s response and feedback. Notice how in this example
learners must enter their solution as a mathematical expression rather than selecting an
option like in a multiple-choice question.

Using the open-source computer algebra system “maxima”, STACK allows ques-
tion authors to create randomly generated mathematical questions within structured
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templates, check student answers submitted within that question, and provide immedi-
ate feedback taking into account the mistakes made.

Evaluate the integral [,(4 - 2 — 2) dz where C'is the curve given by z(t) = —2 - ¢
and y(t) = —t?with—2 < ¢t < —1.

First you want to express your integral in the form

f_ EOROT

using the parametrization of the curve. Here

F(2(1)) =|-(4*%i*"2)-8% |

Your last answer was interpreted as follows:
—4-i-2-8-t

The variables found in your answer were: [¢]

% Incorrect answer.

Check that you have made the correct substitutions within f(z) = 4 - z — 2. Recall
thatz =z +iyandz = —2-tandy = —t>

and

2(t) = [2*%i*)-2

Your last answer was interpreted as follows:
—2.i.t—-2

The variables found in your answer were: ]
& Correct answer, well done.

Now

175 f(2(t))2!(t)dt =[56%%it6

Your last answer was interpreted as follows:
56-1+6

(1 Your answer is partially correct.

Your integrand is incorrect, because one of your first two answers is incorrect. However,
you evaluated the integral correctly based on these answers, so you get partial marks!

Fig. 1. An example STACK question with corresponding feedback
Research on STACK has been widely published by authors from various con-

texts, showing its use in various education settings all over the world [1]-[9]. For the
last four years, Maseno university has used STACK in formative assessment in nine
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undergraduate mathematics courses. The long-term goal is to integrate STACK in the
teaching, learning, and assessment of students at Maseno. It is thus important to study
the effectiveness of STACK quizzes as resources to student learning. Our hypothesis
was that students’ engagement with STACK quizzes influences their learning and per-
formance in the end-of-course exams. In 2021, we investigated student engagement
with STACK resources in one of the courses “Introduction to Complex Analysis”,
taught to third-year students at Maseno University. Teaching was primarily done face-
to-face and continuous assessment was carried out digitally using STACK quizzes.
The subsequent section of this paper describes the Maseno context and explains why
STACK is valuable in teaching and assessment, therefore, evaluation of its usage
becoming necessary.

2 The context

Maseno University is a public learning institution founded in 1991 and located in
Kisumu County, Kenya. It has two main branches, the Kisumu Campus, located in
Kisumu city, and the Main Campus, found in Maseno town. Every year more than 5500
students are enrolled in various degree programs at Maseno.

The school of mathematics statistics and actuarial science (SMSAS), offers six
undergraduate programs, four Masters degree programs, and three Ph.D. programs.
It has sixteen teaching staff and four part-time lecturers. The school provides services
to other faculties within Maseno whose students take mathematics-related degree pro-
grams and thus, are required to take compulsory mathematics courses as part of their
study requirements. As a result, these classes tend to be quite large with 500 to 1,200
students in a single class. SMSAS lecturers are required to teach at least four courses
in a single semester with no support. Thus, students do not have the chance to engage
meaningfully through continuous formative assessment with timely feedback from
such assessments, if any. Admittedly, instructors may administer one or two contin-
uous assessment tests (CATs) per course in such large classes giving students very
limited opportunity to practice and enhance mastery of basic-to-advanced concepts
in mathematics.

Therefore, lecturers are tasked to seek creative ways to ensure the delivery of content
and conduct formative assessments in their courses. For the last four years, SMSAS has
used STACK in formative assessment in nine undergraduate courses. The long-term
goal is to integrate STACK in the teaching and assessment of undergraduate mathe-
matics courses, especially the common courses where the student population is 700 per
class, on average. Some of the expected challenges in such environments are access
to devices, the internet, and a lack of clear objectives within the student organization
on how useful STACK could be in formative assessment. The methodology section
explains the various steps followed while conducting this research.

3 Methodology

For a period of 8 weeks, students took two quizzes each week, Mastery and Test
Quizzes, deployed through STACK via the Maseno Moodle site. Exam revision
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quizzes, which did not follow the Mastery-Test Quiz format, were also provided to the
students on the 9th week to help them prepare for the final exam. Mastery quizzes were
set such that students had unlimited number of attempts on them, and the maximum
grade achieved recorded. They were made available the entire semester. Students, on
the other hand, had to score at least 70% on that week’s mastery quiz in order to access
the test quiz for that same week. Test quizzes could only be taken once and were only
available on weekly basis, after which they were closed at the end of the week. By
design, most questions on the test quiz were similar to the ones on the mastery quiz.
This was done to encourage students to gain confidence on the mastery quizzes before
attempting the test quizzes. STACK quizzes contributed 30% of the final course grade,
with both the mastery and test quizzes contributing 15% each.

At the end of the semester, students sat for an exam, which was a traditional paper-
based written exam made up of questions mostly from the weekly STACK quizzes. The
final exam contributed to 70% of the final course grade, as is the Maseno University
policy on the examination of undergraduate students.

Student behavior on the weekly STACK quizzes was recorded in the Maseno moodle
Learning Management System. Of particular interest to this study was the frequency
with which students engaged with the quizzes, the duration taken to complete each
quiz, and the score on each of the quizzes. An analysis was done on the findings with
the aim of drawing a correlation between student behavior on the weekly STACK quiz-
zes, and the end-of-semester exam.

There were instances in the correlation analysis where student results defied the
trend. We requested 24 interviews to investigate this, and 20 students responded and
attended the interviews. We went ahead and asked 36 students to volunteer in one of the
four Focus Group Discussions having 9 participants spread across each group (1 male,
1 female, and 2 mixed-gender groups), where more qualitative data was collected from
the participants, in an attempt to corroborate the responses given by students in the
interviews. 32 students turned up for the FGDs. In both the interviews and the 4 FGDs,
participatory research design was used to encourage students to help provide insights
into different behavior patterns observed in the course. The quantitative data were ana-
lyzed first, and the results are presented in Section 4.1. A qualitative analysis was also
carried out, and all student responses have been presented thematically in Section 4.2.

4 Results and discussions

The first half of this section presents a quantitative analysis of students’ results,
looking at scores, the number of attempts, and attempt durations of the STACK quizzes,
as well as the exam scores. As mentioned earlier, we also observed groups of students
defying those trends, warranting closer investigation, this has been outlined in the sec-
ond half of this section.

4.1 Quantitative analysis

In this study, a comparison was made between students’ final exam results to their
STACK quiz results, the number of attempts on the STACK quizzes, as well as total
time spent on the STACK quizzes.
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Figure 2 shows the relationship between student performance in the weekly STACK
Quizzes computed out of 30 marks and the traditional paper-based written exam done at
the end of the semester (out of 70 marks). The overall pattern on the scatter plot shows
a positive correlation between the two test results. We also observed 3 groups of stu-
dents who defied the trends, see Figure 2 with labels A, B and C. The dots shown above
the diagonal line labeled “Course passing grade” represents students who attained
the course passing grade, which was 40%. The converse applies to those below the
diagonal line.
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A — Students who scored above average on the STACK Quizzes and failed the course.

B — Students who scored above 20 marks in the exam and had below-average test scores in the
STACK Quizzes, thus they still failed the course.

C — Students who had below-average test scores in the STACK Quizzes, and managed to pass the
course because they scored sufficiently well on the exam

Fig. 2. Categorization of students using their scores in STACK Quizzes and the Final Exam

Figure 3 shows the relationship between the overall frequency of engagement with the
weekly Mastery Quizzes done the entire semester and the corresponding performance
in the exam. From the scatterplot, students who engaged more with STACK performed
better on the final exam. Also, we closely investigated a group of students who had
a relatively higher number of quiz attempts but with low exam scores (labeled D in
Figure 3). Our hypothesis was that they didn’t seem to learn from the feedback in the
quizzes. We conducted a qualitative analysis to find out why.
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Fig. 3. Student categorization using the frequency of attempts in STACK and exam data

In addition to the total number of attempts, Moodle records the duration of each
quiz attempt. Moodle saves students’ answers and allows them to resume later, but only
records the duration between opening and submitting a quiz. We observed that many stu-
dents worked on the quizzes for multiple days. Thus, the data was not indicative of the
time spent actively working on the quiz, making it difficult to use in a meaningful way.

4.2  Qualitative analysis

We conducted interviews together with FGDs to gain a better understanding of how
students are using STACK, and to find possible explanations concerning the findings in
Figures 2 and 3. The findings have been grouped under four main thematic areas titled
as follows: Criticisms of STACK, Challenges of using STACK, Value of STACK, and
Potential of STACK. For each topic, we discuss the students’ responses and present a
few quotes that are representative or of particular interest.

a) Criticisms of STACK

According to 17/20 and 31/32 of the responses in the interviews and FGDs respec-
tively, the majority of students who did well on the STACK quizzes and failed the
course cheated, see Figure 2 (group A). 5 out of the 17 who responded in the interviews
added that they were aware of fellow classmates who “paid” their colleagues to take the
quizzes for them. The aforementioned 31 participants in the FGDs agreed that it was
not unusual for students to pay their colleagues to do their homework and they didn’t
seem to resent that idea.
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To investigate this behavior, we had a closer look at students who scored more than
15/30 marks on the CAT, and within this group, compared those who performed badly
in the exam (<15/70 marks) to the average. While the average CAT score of those
students who performed poorly on the exam (20.6/30) was comparable to the average
in the entire group (21.0/30), we observed that most of the time, they had only one
recorded attempt per mastery quiz (median 10 mastery attempts in total, or 1.25 per
quiz), while the average student in this group had multiple attempts (median 18 mastery
attempts in total, or 2.25 per quiz). This supports the hypothesis of cheating coming out
of the interviews: Students having the quiz done for them (“cheaters”) only have one
recorded attempt, as the students doing the quizzes on behalf of the cheaters are already
proficient at them, however, the cheaters also perform poorly on the exam as they do
not learn from the quizzes.

Some students, although just a few (about 20%) in both the interviews and FGDs,
mentioned that there were some questions where feedback didn’t seem to show all the
computational steps leading to the final answer in the solution. This, to some extent,
contributed to them having multiple attempts on the quizzes in an attempt to understand
the content from the various variants of the question in the Mastery Quiz (see Figure 3).
This is not a limitation of STACK per se, but just a criticism about how some of the
questions were authored.

The remaining proportion who didn’t seem to agree (3/20 in the interviews and 1/32
in the FGDs) cited other possible reasons as to why one could do well in the STACK
quizzes and still fail the exam. They mentioned exam anxiety and lack of preparation
for the exam as possible causes. Figure 4 presents a few quotes from the students’
responses on this topic.

Interview
“You know doing the STACK
Quizzes is not easy. Sometimes
you have to get help from another
person who is clever to do the
assignments for you...”’

FGD
“...Some students did not do the
CAT on their own yet they passed it.
1 know of someone who hired a
fellow student to do the assignment
for them...this particular one didn’t
pass the course though. He realized
he was cheating himself when he
couldn’t write much in the exam
Criticisms of due to lack of content and skill
STACK v needed to solve the questions”

FGD
“Well, this is a normal practice that happens each time
we use STACK ...even in this upcoming course, some
students have booked smart colleagues who can do the
assignments for them...”

Fig. 4. Responses from students on “Criticisms of STACK”
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b) Challenges of using STACK

According to 15/20 of respondents in the interview, lack of access to devices and
internet connectivity were one of the major contributors to why some students didn’t
engage more with the quizzes (see Figure 2 student categorization B and C). The
feedback from the interviews were corroborated by all the responses in the FGDs,
though, to a small degree, they argued that only a few students faced this challenge.
They estimated that about 20% of the students had challenges with access. From all
the responses, the main device used to access STACK were smartphones with students
having to purchase data bundles, due to the unreliable university Wi-Fi network. The
remaining 5 responses in the interviews cited low motivation, as well as disinterest in
mathematics, as possible reasons why some students did not engage with the STACK
quizzes. Figure 5 shows quoted responses from students on the topic ‘Challenges of
using STACK”.

Interview
Interview

“You know having interest was
also key... some students just did
the Quizzes to get the minimum
score need so as to move forward”

“Some were unable to complete
their assignments on time due some
reasons like, not having a
smartphone or a laptop...or even
internet bundles to access the

assignments”

FGD
“In as much as we'd say those
without phones had limited access
to the quizzes, you'll realize that
even some of us with smartphones
didn't have internet bundles to
FGD access the quizzes. We also wanted
to use the university Wi-Fi and

Challenges of
using STACK

“Well, there was a time when my

data was depleted... So, I had to sometimes it was not reliable.
rush to the WI-FI area in order to Moving up and down looking for
reliable internet became common

finish the assignment, only to !
discover that the University Wi-Fi during the weekends. Furthermore,
the Wi-Fi areas didn’t have proper
were occasions when it rained and shading constructed around them
looking at the Wi-Fi area, you and when it rained or during sunny
couldn’t find a place for cover days, we'd be forced to go find
during such weather shelter and then come back the
conditions...Some of us would get next day.
discouraged and let that week’s
assignment undone.”

was also down at the time. There

Fig. 5. Summary of participant responses on challenges of using STACK

¢) Value of STACK
One key aspect of STACK which was an asset to all the students in the course was its
ability to provide immediate feedback and randomize questions for practice. This was
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according to 15/20 of responses from the interviews and 31/32 of those in the FGDs.
According to those 15/20 in the interview, most students who didn’t do well on the
Continuous Assessment used Mastery Quizzes (because of getting immediate feed-
back) for practice and preparation for the final exam. Figure 6 shows quoted responses
from students during the interviews and also in the FGDs.

Interview FGD
“Some of us in this region (pointing “(Speaking in Swahili) Uki
to region C in the scatterplot in Figure 2), fail ilikuwa inakupea review of
who didn't get a good CAT score but still kitu umefanya na pia ilikuwa
passed the course, were very smart in inakufanyia the corrections
our revision; thank heavens the hapo chini. kuja time ya exam,

questions had feedback each you can go back to your Quiz

time we attempted them. . L
. and then revise them juu ziko na
We had to use the Mastery Quizzes to majibu

revise for the exams. The deadline for
the Test Quiz did cut me off most of the
time, especially when I didn’t have

English Translation-
Feedback in the STACK Quizzes

data bundies.” pointed out the mistakes for me
on instances I didn’t get things
right. We found this useful during
revision for the final exam.
FGD

“When I was using STACK, I liked

how I could see my work get marked Interview

and feedback displayed right in front
of me. 1t is not easy to find a lecturer
who'll spare some time and explain
certain concepts well the way it’s done
in STACK. This gave me the motivation

“I remember during practice, some of
the answers were marked wrong even
though they were right. Furthermore,
STACK would assume certain
computational steps in the feedback

displayed, which to me was very important.

to keep practicing.” ) ”
PP & I’'m not a fast learner.

Fig. 6. Students’ responses on the value of STACK

d) Potential of STACK

In an attempt to find out about learner perception on the use of STACK in forma-
tive assessment, 19/20 of the respondents in the interviews recommended continuous
assessment to be conducted using weekly STACK quizzes. The 20th person was not
against it, but rather had a concern, which was access to devices since some students
were not able to do the quizzes on time. From the FGDs, 30/32 of the students recom-
mended that STACK should be integrated in all mathematics courses due to its ability
to give immediate feedback, pointing out the mistakes, therefore, guiding the learning
process, and allowing them to practice their math skills. It came out from both the
interviews and the 4 FGDs, that students found using STACK rather motivating, citing
that it kept them “on toes with learning and practicing mathematics”. These responses
suggest that, this could be a possible explanation why despite having challenges using
STACK, some students managed to look beyond and see its potential in helping them
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learn mathematics. Figure 7 shows some of the quotes from the student feedback on
this topic.

Interview
“STACK is great. However, I don’t FGD

think it’s a good idea bringing it in “STACK makes students busy
right now. Some students don’t have all the time which is not bad. We
smartphones and it may be a do spend a lot of time doing the

problem doing the weekly quizzes...so try to imagine all
assignments if we adopt it” the other courses having weekly

STACK Quizzes in them...that

will be a lot of work...
FGD

“Personally, I want STACK to be
integrated.I remember when we
didn’t have it, most of us would
wait until the last minute to begin
revising for the Continous
Assessment Tests, then cram
everything just for the sake of
passing the exam.We discovered
it doesn’t work well with
mathematics. Mathematics
generally requires regular practice £ .
with feedback... STACK forces us to cram alot of inft ormfztlon
to do so...on weekly basis by the way.” before the exam...

Potential

b of STACK

Interview

“STACK is fantastic. It
keeps students occupied
all of the time.
Continuous Assessment
Tests done on paper force us

Fig. 7. Students’ responses on the topic “Potential of STACK”

5 Conclusion

The data presented in this research suggests that, while some students appear to
show engagement with STACK according to the Moodle report statistics on learner
behavior, in the Maseno context, a notable proportion seem to have limited engage-
ment. To some extent, it appears that a lack of engagement with STACK can be linked
to issues around access, network connection, or even poor feedback.

Cheating is a vice that has come out from the findings in this study, and instructors
using STACK or planning to adopt it in learning institutions with a similar context as
Maseno should be aware of this. Based on the outcome concerning the issue of cheat-
ing, it is notable that students engaged in this vice are mainly cheating themselves.
Creating awareness of that might discourage the behavior.

Students seemed to appreciate STACK’s ability to provide immediate feedback, ran-
domize questions for practice, and it being readily available, making it preferable to
non-electronic formative assessment.

According to the student responses, despite there being challenges in the use of
STACK, learners seem to appreciate and point out its potential in the Maseno context.
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STACK is playing a significant role in providing individualized feedback to students,
which was previously infeasible. As a result, Maseno wishes to continue its collabo-
ration with IDEMS International, in the development of high-quality resources, while
also addressing some of the issues raised in this study to continue using STACK in
providing high-quality mathematics education.
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