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ABSTRACT 1 INTRODUCTION

Traditionally university programming modules have been deliv-
ered using a blend of lectures, tutorials, and practical lab sessions.
Although the lab sessions offer valuable hands-on practice, they are
constrained by time, limited individualised pacing, and insufficient
feedback opportunities. The solutions for the labs are normally
provided as static source code, with students reviewing their at-
tempts against the model answer. The use of video-based solutions
for lab exercises has the potential to enhance flexibility and inter-
activity for the lab. This study explores the attitudes, experiences,
and impact of the wholesale provision of video-based lab solutions
in improving the student performance of a cohort of postgraduate
novice programmers. It reports high student engagement with the
video solutions with a clear preference for a dynamic build-up style.
It also identifies separate engagement styles with the videos as well
as overall improvement in module averages compared to previous
cohorts. The findings highlight the potential of video-based lab
solutions to enhance student learning in programming modules
and adds to the literature in a relatively under-researched area and
presents potential of further adoption and adaption in programming
and other engineering disciplines.
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While the traditional methods of lectures, tutorials, and practical lab
sessions used for the delivery of university programming remain
commonplace, there is increasing adoption of technology-enhanced
approaches [1], such as online learning platforms, interactive cod-
ing environments [2], and video-based instruction [3]. Variations
in lecture delivery including flipped, online, broadcast, etc. have
become more common in recent years. These newer approaches
aim to enhance the learning experience in programming education
[4].

Practical lab sessions remain a cornerstone of programming mod-
ule delivery and provide a dedicated environment for students to
apply the knowledge gained from lectures and tutorials [5]. In lab
sessions, students have access to computers with programming
software and they are expected to work on coding exercises, ap-
plying the programming concepts learned in lectures. Lab sessions
allow for immediate feedback and assistance from lecturers or lab
assistants [6]. While lab sessions in programming modules offer
valuable hands-on experience, there are a few potential disadvan-
tages [7], including limited availability, lack of individual pace, and
insufficient feedback.

When it comes to providing solutions to lab exercises, program-
ming lecturers employ various approaches based on their teaching
style and the learning objectives of the course [8]. The provision of
the source code solution is typically the common baseline, however,
there are several alternative methods including In-Class Demonstra-
tions, Written Solution Guides [9] and Office Hours [10]. While pro-
viding solutions to lab exercises is essential, similar to flipped class-
room activities there are potential disadvantages associated with
the timing of availability of solutions [11]. These include reduced
problem-solving skills, limited learning from mistakes, reduced en-
gagement and active learning [12]. To mitigate these disadvantages,
lecturers commonly implement strategies such as delayed solution
release, providing partial solutions, or promoting peer discussion
and collaboration to encourage independent thinking and problem

1.1 Video-based Lab solutions

There is significant research on the use of coding videos in pro-
gramming courses [13]. These include the positive use of coding
video quizzes [14] finding that students who were given coding
video quizzes performed better on written assessments, especially
in final exams. However, the use of coding videos for flipped lec-
tures by Horton et al [15] concluded that there was no evidence
that the inverted offering helped beginners or those not fully fluent
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in English. This contrasts with Moore et al [16] who concluded that
students who watched more pre-lecture coding videos performed
slightly better on summative assessments. There are very limited
specific studies on coded videos directly related to lab activities,
with [17] providing an evolved “worked example video” study that
concluded that the video solutions were well received by students
and increased flexibility and accessibility. The video solutions were
especially helpful for struggling students whereas stronger students
tended to skip the videos. Concluding that overall lab videos are a
recommended valuable addition to Java/beginners programming
courses.

This paper seeks to add to the literature specifically in the pro-
vision of lab solution videos by investigating and reporting on
the outcomes of providing video-based solutions for lab exercises
for a cohort of novice programming university students. It finds
favourable outcomes in terms of academic performances and stu-
dent feedback and engagement.

2 METHODOLOGY

The study was conducted with a cohort (n=108) of postgraduate stu-
dents taking one compulsory module in Java programming over two
semesters in a one-year university Masters Software Development
(conversion) course. The module was taught over a 24-week period
with typically three one-hour lectures per week, with three hours of
timetabled lab sessions. Compulsory attendance was not enforced.
The students were provided with a source code-only solution to
each lab exercise and video solution. Both were provided before
the scheduled lab time. The video solutions were in the format of
i). Code Walk-through or ii). Dynamic Build-up. The Walkthrough
style involved a thorough analysis of the lab exercise problem state-
ment and code solution. This style focused on the completed code
solution especially highlighting complex areas. The lecturer nar-
rated a line-by-line code inspection, explaining the function and
contextualising the code. The Build-up style involved the lecturer
recording their screen as they demonstrated the construction of
the solution to the lab exercise. The lecturer coded from scratch
explaining the thought process, allowing students to retrospectively
observe or follow along by pausing and replaying the video. Build-
up videos typically taking longer to produce, consequently, in this
study, roughly 40% of the video solutions in this study were in
this format and the remainder were Walkthroughs. On completion
of the module, the students were provided with a survey to gain
an understanding of attitudinal and behaviours towards the video
solutions. This included engagement with the videos including fre-
quency and methodology, the preferred format for the solutions,
and information gathered on any engagement with part-time work.
The students were also provided with an open-ended question on
the impact of the videos on each student’s learning experience.
The survey was completed by 81 of the students (75%) of the co-
hort. To compare the academic performance the module results
for this cohort were also statistically contrasted with previous his-
toric averages for similar cohorts that had no or very limited lab
video solutions. This cohort and the previous cohort had the same
course entry requirements, including having no previous formal
background in programming. All students completed and passed
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Figure 1: Preferred format for the solutions

the same aptitude test with similar cohort averages from previous
years.

3 RESULTS

3.1 Engagement

Based on the frequency of hits and the survey feedback, the students
were highly engaged with and highly regarded the video solutions
to support their learning, with only one student reporting that they
rarely used the videos. Many students reported that “the videos
were an essential resource for me”. Engagement with the videos
based on hits was highest at the time of the related lab but also a
not insignificant number of hits were observed shortly after the lab
(within a week of the lab) and then a further peak at assessment
time, this would be a similar finding as McGowan et al [17]. The
attendance at the labs was around 70-80% throughout the course,
and was comparable to previous years when the videos were not
available. Overall, the high engagement with the videos, and the
timing of engagement beyond the timetabled lab would suggest
that students who were unable to attend the lab at the time used
the lab solutions to support their learning.

3.2 Lab solution format

The solutions for each lab exercise were provided as video and in the
more traditional source code-only format. The students reported
that they preferred to have both solution formats (90.0%), with 2.5%
relying on the source code only and 7.5% preferring video only, as
shown in Figure 1.

Typical quantified responses were, ‘I really needed the explana-
tion the lecturer provided in the videos to enable me to understand
the code and principles, the code-only solutions do not provide this”
and “I found the videos very helpful. I didn’t always understand
the code-only solutions”. However, a small number of students ex-
pressed their reasons for using both “I tend to prefer video over
raw code as it forces me to engage with the process more.”

Recalling that the format of the video solutions was a mixture of
Walk-throughs and Build Up, the students reported (Figure 2) that
they strongly (90%) preferred the Build Up style.

Typical feedback was “seeing the problem solved from scratch
worked the best for me as it was useful to see the thinking behind
the solution as it went along”. The case for Walkthroughs was made
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Figure 3: Video solution viewing patterns — timing of engage-
ment

by students’ responses such as: “I found the videos where the code
was already built, as more efficient for my learning as opposed to
building from scratch.”

3.3 Video engagement timing

The timing of engagement with the videos in relation to the solution-
solving identified three separate groups, namely Nudge, Review,
and Code Along (Figure 3).

Most of the students (77.3%) used the videos for Nudge learning,
with learners in this group typically reporting that “I attempt the
labs and used the video solutions to guide me when I was stuck”. A
smaller number (12.5%) used the videos as Code Along, i.e., followed
the video solution without tackling it independently. An interesting
perspective on this was provided in the feedback “sometimes it was
easy to just jump straight to them (the videos) without struggling for
awhile”. The remaining 20.0% were categorised as the Review group
i.e. tackled the problem first and then retrospectively reviewed the
video solution.

An analysis of the timing of engagement groupings highlighted
a difference between the groups in relation to module scores (Table
1). The Review group scored 77.3%. Those that used the video when
stuck on the problem scored 68.4%, whereas those that relied on
the video to provide the solution without first attempting it scored
54.0%. A one-way ANOVA was performed to compare the effect of
the main three groups (Code Along, Nudge and Review) on module
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Figure 4: Trends in pass rates and module scores.

scores. It revealed that there was a statistically significant difference
in mean module score between at least two groups (F(2, 27) =
[4.545], p = 0.02). Tukey’s HSD Test for multiple comparisons found
that the mean value of module score was significantly different
between the Code Along and Nudge groups (p = .00631) and Code
Along and Review groups (p = .00002). There was no statistically
significant difference in mean module scores between Nudge and
Review groups (p = 0.12).

A comparison of the module scores and pass rates, (Figure 4)
shows a moderate increase in average module score for this cohort
(66.38%, SD=11.34) and historic averages (64.49% SD=16.94), with a
T-Test analysis result proving not significant (p=0.13).

However, there was a marked increase in the module pass rate,
with 95.1% of the 2022 cohort passing compared to the historic
90.2% pass rate. This may suggest that the videos were a factor in
helping weaker students, that may otherwise have failed.

4 DISCUSSION AND LIMITATIONS

The study provides insights into the impact of video solutions for
labs on student engagement, preferred learning formats, viewing
patterns, and module outcomes. The findings indicate that the ma-
jority of students were highly engaged with the video solutions
and regarded them as beneficial for their learning.

The availability of both video and source code solutions was
preferred by most students, highlighting the importance of hav-
ing multiple formats. The students expressed the significance of
the explanatory content provided in the videos, enabling them to
understand the code and principles more effectively compared to
code-only solutions. The students overwhelmingly favoured the
Build Up style of video solutions, where problems were solved from
scratch. This format enabled students to grasp the engineering de-
sign and process decisions behind the solution. It is unlikely that
lecturers could feasibly provide both styles for each lab and it may
be that the use of Generative Al such as Chat GPT, which provides
a similar but written dialogue-based description of code would be a
viable alternative for the minority group of students that preferred
Walkthrough video format.

The survey revealed diverse video viewing patterns, with stu-
dents predominantly using the videos for Nudge learning, seeking



CEP ’24, January 05, 2024, Durham, United Kingdom

Aidan McGowan et al.

Table 1: Module scores and percentage of the cohort for each video engagement group

Module score %

Review 77.3 (SD=10.64)
Nudge 68.4 (SD=8.86)
Code Along 54.0 (SD=7.1)

Percentage of cohort
22.5
65.0
12.5

guidance when stuck on a problem. The overall module score av-
erage for the cohort increased compared to historical averages,
indicating potential performance enhancements, especially among
traditionally weaker students.

This study is limited to this cohort for a one-year period and as
such is representative only of that sample. The population itself
is important but may not be comparable to students in secondary
or early tertiary environments, as they likely have more mature
self-regulation and learning skills. Future iterations of the study
could include undergraduate novice programmers and an increase
in the availability of the Build Up format for the lab videos to en-
able further comparisons. The viewing groups (nudge/review/code
along) are self-identified by the students themselves, however, it
is unclear if this is time-dependent such that are the groups truly
disjointed or whether students sometimes use videos differently at
different times. The use of video engagement analytics such as those
provided via YouTube or Panopto would enable a more temporal-
based study. Although the target of this study is programming
the findings could have a generalisability into other instructional
program-solving engineering disciplines.

5 CONCLUSION

These findings emphasise the value of incorporating video solu-
tions as flexible resources for lab solutions for novice programmers
to support lab exercises. This study would recommend that video
solutions continue to be implemented and refined, considering the
preferences and needs of students. Overall, this study suggests that
the integration of video solutions positively impacted student learn-
ing and performance, contributing to the ongoing improvement of
the educational experience for novice programmers.
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