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tion necessitates relatable learning materials. While instructors of-

ten possess deep knowledge in computing subjects, understanding 1 Introduction
the unique cultural and experiential backgrounds of students can When teaching computing concepts, an important component is
be both time-consuming and challenging. This paper investigates to demonstrate how these concepts are applied to solve real-world
the use of learnersourcing to overcome these barriers. We adopted problems [3]. For example, database programming classes usually
constructivist principles to create a learnersourcing workflow that have a running example where students would download exam-
enables students to (1) connect their personal background with ple data and learn how to use various SQL queries to derive in-
computing topics, (2) craft contextualized problems, (3) develop sights from the data. However, one example scenario can hardly
step-by-step solutions, and (4) engage in self and peer feedback. We resonate with all students. Worse still, the examples used in com-
evaluated this workflow in a database programming class and gath- puting courses can sometimes perpetuate historical and systematic
ered student-generated worked examples, along with evaluations biases [9, 23, 37] and thus may appear irrelevant and unrelatable to
from peers, instructors, and students themselves using four criteria: students of underrepresented backgrounds [9]. Developing learning
difficulty, clarity, relevance, and educational value. We found that materials that connect with diverse student backgrounds plays an
the students were able to identify new contexts and apply newly essential role in broadening participation in computing [2, 27].
acquired computing knowledge in a meaningful way. However, the An important philosophy to address this challenge is student-
results also highlighted the need for better scaffolding to improve centered learning (SCL), in which students take an active role in
the clarity of problem description, ensure the availability and suf- determining what, when, and how they learn [35]. The challenge
ficiency of example data, and check for errors in the step-by-step is that effectively collecting and synthesizing student input is not
solutions. Furthermore, student self- and peer assessments aligned trivial. Learnersourcing, which evolved from the concept of crowd-
with instructor evaluations of student-generated content. Reflecting sourcing, is a method in which learners collectively create new
on lessons learned, we outline six design implications for future content for future learners, thus enriching their own learning ex-
improvements of the learnersourcing workflow. perience in the process [17]. Previous research has demonstrated
the effectiveness of learnersourcing in promoting student-centered
CCS Concepts learning by allowing them to generate various types of content,

such as personalized hints for debugging support [12], typical mis-
conceptions when learning new subjects [13], multiple choice ques-
tions (MCQ) [8] and other exercises [16]. Although learnersourcing
has been effective in helping students identify common mistakes
Keywords and create targeted exercises, it remains underexplored whether
students can also reflect on and contribute to the contextualization
of learning materials within diverse and relatable contexts.

In this paper, we investigate how to engage students in contex-
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learnersourcing workflow is guided by Gance’s constructivist prin-
ciples [11], viewing students as experts in their own backgrounds

and interests, as well as experts in training in the computing sub-
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We evaluated the feasibility of a proposed learnersourcing work-
flow in a database programming class with 23 junior and senior
students at a public land-grant university in the United States. Our
investigation focused on two research questions:

RQ1: How well do students perform in the tasks of connecting
their unique backgrounds to the computing subject, formulating
contextualized problems, and developing step-by-step solutions?

RQ2: How well can student self-assessment and peer assessment
evaluate the quality of student-generated worked-out examples?

We found that the students were able to identify new contexts
and apply newly acquired computing knowledge in a meaningful
way. However, the results also highlighted the need for better scaf-
folding to improve the clarity of problem description, ensure the
availability and sufficiency of example data, and check for errors
in step-by-step solutions. Furthermore, student self- and peer as-
sessments aligned with instructor evaluations of student-generated
content. Reflecting on lessons learned, we outline six design impli-
cations for future improvements of the learnersourcing workflow.

In summary, this paper contributes (1) an empirical understand-
ing of the processes and challenges when students contextualize
computing concepts in their own scenarios; (2) a learnersourcing
workflow that guides students to contextualize computing concepts
and create relatable programming learning materials; (3) design im-
plications for future learnersourcing workflows and tools to support
inclusive programming education.

2 Related Work

2.1 Contextualizing Learning Materials

Contextualization has been defined as “a diverse family of instruc-
tional strategies designed to seamlessly link the learning of foun-
dational skills and academic or occupational content by focusing
teaching and learning squarely on concrete applications in a specific
context of interest to the student” [21].

Contextualizing computing learning materials in relatable sce-
narios has been shown to motivate novice programmers and facil-
itate skill transfer [4]. Additionally, it helps students understand
the practical utility of computing knowledge, which is crucial for
reducing dropout rates [14]. Students demonstrate greater auton-
omy, associated with intrinsic motivation in self-determination
theory [7], when they perceive a meaningful connection between
the learning materials and their personal interests [30]. This percep-
tion encourages students to invest more time and effort in learning
the subject and pursuing the field [19, 26].

However, creating an applicable, appropriate, and relatable con-
textualization is not only resource-intensive, but also challenging,
considering the varying backgrounds of instructors and the diver-
sity of student populations [37, 39]. To address this challenge, we
explore ways to engage students create contextualized learning
materials related to their own experiences and interests.

2.2 Engaging Students in Co-creating Learning
Materials with Learnersourcing

The act of creating resources and knowledge for peers underscores

the social nature of learning, emphasizing collaboration and shared

experiences [25]. This can also lead to the Protege Effect [5], where

individuals gain benefits from teaching others, emphasizing that
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explaining or tutoring enhances the understanding and mastery of
the material for the teacher [33].

Rooted in crowdsourcing and participatory learning [17], Learn-
ersourcing is an innovative artifact to engage students in co-creating
learning materials. It transforms students from passive consumers
to active contributors and co-creators of knowledge [1, 36].

Prior research has applied learnersourcing in various program-
ming classes and subjects. Guo et al. learnersourced student-created
explanations of misconceptions while they are coding in a Python
class [13]. The student insights were found to expand expert blind
spots as programming instructors. Glassman et al. [12] introduced
two workflows engaging learners in creating hints in a computer
architecture class, fostering reflection on their work and peers’
contributions. Guided by the supporting software, students were
able to create hints that augment or even replace teachers’ per-
sonalized assistance. Pirttinen et al. [29] investigated the use of a
learnersourcing system in the context of teaching SQL. They found
that the learnersourced content could cover the topics specified
by the instructor and that students were able to engage with the
learnersourced exercises.

Building on the prior successes, we further explore how to use
learnersouricng as an artifact to guide students to contextualize
and develop more complex learning materials.

3 Workflow Design and Conceptual Framework

We design a learnersourcing workflow guided by the construc-
tivist principles. Constructivism posits that knowledge is actively
constructed by the student rather than passively absorbed from
textbooks and lectures [28]. Contextualization between knowledge
and the learners’ experiences can be considered as a constructivist
process, as knowledge transfer is facilitated by participation in
authentic tasks anchored in meaningful contexts [32].

Applying constructivism principles requires careful considera-
tion of guidance and scaffolding for the “constructing” process [6].
Thus, each component of the workflow is designed in correspon-
dence to a key pedagogical components within the constructivist
principles proposed by Gance [11] (Figure 1).

The first component engages learners in learning new informa-
tion and connects to the existing course environment, such as the
regular lectures and lab exercises. The goal is to help student “warm
up” and revisit the core concept learned in the class. This could
take the form of multiple choice questions (MCQ), fill in the blanks,
or other question formats relevant to the course topic.

The second component focuses on ideating scenarios and con-
texts where the computing concepts can be applied, and the sce-
narios and contexts should reflect students’ own interests and ex-
perience. A constructivist pedagogy often demands the creation
of authentic problem-solving situations. Traditionally, instructors
bear the responsibility of conducting research and collaborating
with local partners to contextualize learning materials [22, 24]. In
this step, students will actively participate in the identification and
framing of these contexts themselves.

The third component guides learners to apply the identified
contexts by developing worked-out examples. In constructivist ped-
agogy, active engagement typically involves hands-on, dialogic in-
teractions. The pivotal feature of this component lies in its “dialogic”
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Figure 1: Mapping between the constructivist pedagogical components [11] and our learnersourcing workflow design.

nature, where learners face challenges and overcome obstacles in
the process of constructing knowledge. We use the construction of
work-out examples to implement this “dialogic” interaction, where
students are required to (1) formulate a problem statement that
pertains to specific course topics and (2) devise step-by-step solu-
tions to the problem. Such sequentially dependent subtasks would
prompt students to reflect on and refine their work in each step.

The fourth component is to learnersource assessments for the
learnersourced materials. Constructivist learning environments en-
compass a social dimension that involves meaningful interaction
among learners themselves and with mentors. The fourth compo-
nent implements this social dimension through a two-fold evalua-
tion process: self- and peer-assessment. Self-assessment encourages
reflection, while double-blind peer assessment fosters translucent
social interaction to support mutual awareness and accountability
among students [15]. The peer assessment also allows students to
interact with their classmates by working on and evaluating each
other’s worked-out examples.

Overall, the learnersourcing workflow is designed to engage stu-
dents not only as learners of the computing concepts but as experts
of their lived experience in applying course topics to their familiar
environment. Through the peer assessment process (component 4),
students have the opportunity to glean insights from each other’s
worked-out examples (components 2 and 3), thereby enriching their
own understanding (component 1) and actively contributing to the
collective knowledge of the entire class.

4 Research Testbed and Procedure

We experimented with the learnersourcing workflow in an ad-
vanced database programming course at a large public university.
The course topic is PL/SQL, a Procedural Language extension for
SQL (Structured Query Language) developed by Oracle.

Student Population and Course Schedule. Most students in this
course are juniors or seniors majoring in Information Technology
or related fields. The course has a prerequisite of an introductory
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SQL course. The class typically enrolls 20-25 students during Spring
and 40-50 Fall, reflecting a 1:4 female-to-male ratio that is consistent
with the college’s overall demographics. The study was conducted
in Spring 2022 with 23 students enrolled.

Course Organization and Content Each week, students attended
two 50-minute lecture sessions and one 2-hour lab session over a 16-
week semester. Lecture sessions focused primarily on introducing
new concepts through in-class examples and interactive demon-
strations. Lab sessions offered semi-guided exercises requiring stu-
dents to apply their knowledge by solving problems contextualized
within a database system designed for a simulated company spe-
cializing in electric parts. The course content was divided into three
major modules: (1) PL/SQL basics: PL/SQL is a block-structured lan-
guage, encompassing variables, SQL statements, loops, constants,
conditional statements, and exception handling; (2) Functions and
procedures: these are stored-program grouping SQL and PL/SQL
statements for specific tasks, stored in a user’s schema; (3) Triggers:
a stored program automatically executed when some events occur.

4.1 Researchers Positionality and Limitations

The study protocol was reviewed and approved by the author’s
Institutional Review Board. Two authors are the instructor and the
teaching assistant for this course. Another author is an engineering
education researcher with over 15 years of experience in design-
based research. A limitation of our approach was the collection of
data in a regular course. Despite offering real-world insights, we
were unable to implement a between-subject design due to fairness
considerations. The instructor author also recognizes her potential
influence on students’ participation and responses.

To mitigate these limitations, the education researcher was deeply
involved in the design of the learnersourcing workflow. This in-
cludes critically evaluating and aligning the workflow design with
the constructivism conceptual framework, to ensure its theoreti-
cal validity and practicality. To avoid biases in the data analysis,
worked-out examples (WEs) were graded based on effort rather
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than instructor ratings during the semester. In-depth data analysis
on the de-identified WEs was conducted more than three months
after the final grade was submitted. This allowed sufficient time
for the instructor and teaching assistant authors to decouple from
their instructor’s role and approach the analysis more objectively.

4.2 Instruction Design and Data Collection

We implemented the first three components of the learnersourcing
workflow as a bonus point opportunity within an online quiz on
the topic of “functions and procedures” and the fourth component
as a bonus point assignment.

The online quiz comprises multiple choices and fill-in-the-blank
questions. These questions were designed to revisit and assess the
students’ understanding of PL/SQL functions and procedures. This
serves as the first component of the workflow.

In the first part of the bonus question, students were asked to de-
sign an easy and medium question to practice applying the concepts
of functions and/or procedures. They needed to outline a scenario
for the question and provide the necessary tables, including the
schema and actual records. The medium difficulty question should
utilize solutions from the easy question. An instructor example
was provided for both easy and medium difficulty questions. This
two-step instruction was intended to scaffold students to formulate
problems that are nontrivial and to facilitate the development of the
step-by-step solutions. This part serves as the second component,
as well as the first half of the third component of the workflow.

In the second part of the bonus question, the students were asked
to provide their suggested solution for the easy question and then
their solution to the medium question. This serves as the second
half of the third component of the workflow.

At the end of the bonus question, the student self-assessed the
questions they created. This serves as the self-assessment part of
the fourth component of the workflow.

After the quiz, the instructor and teaching assistant compiled
the students’ problem descriptions and solutions into formatted
worked-out examples (WEs). These WEs were then randomly as-
signed to students for peer evaluation in the form of a bonus assign-
ment. The students were instructed to work on the WEs and then
to evaluate them with the same rubrics used in the self-assessment.
If the WEs has quality problems and cannot be used, the evaluation
should also describe the issues and suggest possible improvements.

Finally, the teaching assistant assessed all WEs using the same
rubrics. The ratings were reviewed and approved by the instructor.

4.3 Assessment Rubrics.

We crafted assessment rubrics to evaluate the WEs from four as-
pects: difficulty, clarity, relevance, and educational value.
Difficulty was assessed with three levels: “Not Difficult,” defined
as any one who can pass this course can answer, “A Bit Difficult,” de-
fined as people who can get C or higher can answer, and “Difficult,”
defined as only people who of A grade can answer. For clarity, the
rubric ranged from “Not Clear,” indicating potential confusion when
another student reads it, to “Clear,” denoting questions easily un-
derstood by the classmates. The relevance dimension assessed how
well the questions pertained to the use of functions and procedures,
distinguishing between questions that could optionally use these
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elements and those that required them for a solution. Finally, the ed-
ucational value was gauged from "Not Helpful/Educational," where
the questions contributed nothing to learning about PL/SQL, to
"Very Helpful/Educational," which significantly enhanced PL/SQL
skills. Each dimension included a "No Participation” option for those
who did not submit a question.

4.4 Data Analysis

We evaluated the quality of student-generated worked-out exam-
ples (WEs) from both educator and learner perspectives. From the
educator’s viewpoint, the authors performed a thematic analysis
on the problem statements and solutions in the WEs. This analysis
aimed to assess the diversity and relevance of the contexts and the
accuracy of the solutions provided. To capture the learners’ perspec-
tives, we analyzed the feedback provided during peer assessments,
focusing on comments related to the usability of the WEs.

Categorize the Contexts Used in Worked-Out Examples. Two au-
thors independently extracted keywords from the problem descrip-
tions that best represented the context. Following this, each author
conducted independent open coding and grouped similar keywords
to form categories. Subsequently, the authors compared and syn-
thesized the categories, ensuring each category was specific and
different, covering all the keywords from the WEs.

Rate the Relevance of Worked-Out Examples. One author labeled
the components in the solutions that represented the topic of func-
tions and procedures. The labels were reviewed and approved by
another author. The quality of the data and solutions was assessed
by whether the code would compile and execute, the number of
errors, and whether sufficient and meaningful data were provided.

Measure Rating Alignment. Given the ordinal nature of our eval-
uation measures and the relatively small sample size, we employed
Friedman’s Chi-Square Test [10] to examine the consistency of rat-
ings across different groups. We also calculated the effect sizes !
to quantify these differences. We also employed Krippendorff’s
alpha ? to measure inter-rater agreement among peer assessors for
the same worked-out examples (WEs).

5 Results

Twenty-three worked-out examples (WEs) were collected. Two WEs
were excluded from the peer review process; one was a duplicate
of the instructor’s example, and the other presented identical one-
sentence questions for both easy and medium difficulty levels. Of
the remaining WEs, 16 received the five reviews, while five received
only four reviews. In total, 100 peer reviews were collected.

5.1 RQ1: Feasibility and Support

5.1.1 Context Diversity. Our thematic analysis revealed five cate-
gories of contexts: video games (N = 1), sports (N = 1), university
majors, classes and grades (N = 4), sales, customers, products, and
orders (N = 11), employees and departments (N = 6). The last two
themes resembled the examples provided by the instructor, which

1Effect sizes for the Friedman test are measured using Kendall’s W coefficient, which
follows Cohen’s interpretation guidelines: 0.1 - < 0.3 (small effect), 0.3 - < 0.5 (moderate
effect), and >= 0.5 (large effect)

ZKrippendorff’s alpha is interpreted according to guidelines suggested by KrippendorfF:
a > 0.800 indicates good inter-rater reliability, 0.800 > « > 0.667 allows only for
tentative conclusions, and @ < 0.667 suggests poor interrater reliability. [18]
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Figure 2: Self, Peer, and Instructor Ratings of WEs. Light color indicate lower levels, e.g. low difficulty. Zero values are omitted.

focuses on an electronic parts company with employee, inventory,
and sales management data.

Although representing different contexts, some WEs lacked de-
tailed background information (N = 15). For example, one WE’s
problem description was “write a function that, given the month, re-
turns the calculated total revenue”. While categorized as the theme
“sales, customers, products, and orders” with the keyword “revenue”,
the scenario was relatively generic.

In contrast, three worked-out examples (WEs) were contextu-
alized in specific and novel scenarios. One WE utilized PL/SQL to
tackle a video game-related challenge, using PL/SQL to identify
the Universal Product Code (UPC) and trace the origin of a game.
Another example involved a soccer match between Liverpool and
Manchester City, using PL/SQL to write a function that determines
the maximum goals scored by players. A third WE focused on
restaurant operations, using PL/SQL to identify servers who work
in their home state.

5.1.2  Problem Relevance. All WEs included components that rep-
resent the topic of PL/SQL functions and procedures. The solutions
required extracting or synthesizing specific information based on
given inputs. For instance, one WE’s problem description is “Write
a procedure that, given a class name, identifies the highest GPA in
that class” The associated solution used variable declaration, data
types, value assignment, SELECT INTO statements, and aggregate
functions like “MAX”.

5.1.3 Data and Solution Quality. Around a third of the students
(N = 8) provided descriptions and examples of the data needed to
solve the problem they formulated. The other students either did
not describe the table (N = 10) or did not provide example data (N =
5). Most students (N = 14) provided solutions that were executable,
while eight solutions had syntax errors. One student described the
answer but did not provide the code.

5.1.4  Usability of the Worked-Out Examples. The results of the
peer assessment shed light on quality issues from the learners’
perspective. Comments from peer assessments revealed three pri-
mary types of confusion experienced by students when engaging
with WEs created by their peers. Firstly, some students found the
problem descriptions to be overly vague, making it challenging to
understand the task requirements. For instance, one student com-
mented, “Wordiness was a slight mistake in the question since I
was unsure of what actually to do.” Secondly, a recurring issue was
the insufficient data within the exercise, as one student remarked,
“There is only one customer for each area; more data needed.” Lastly,
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Chi®? | p-value | w
Difficulty 11.6 0*** 0.02932
Clarity 37.7 <.001*** | 0.09518
Relevance 18.2 <.001** | 0.04593
Educational Value | 0.19 0.91 0.00048

Table 1: Rating similarity for each criterion among student
self assessment, peer assessment, and instructor assessment.

confusion arose when the exercise creators’ solutions contained
syntax or logic errors: “HAVING MAX(mSalary) wrong syntax.”

5.2 RQ2. Assessment Alignment

Despite the statistical significance, the differences between the three
groups - student self-assessment, student peer assessment (average
rating among all reviewers for each WE), and instructors — were
negligible (Table 1). Although significant differences were observed
in Difficulty, Clarity, and Relevance (p < 0.001) with Friedman’s
Chi-Squar Test [10], the Kendall’s W coefficient [20] values for
Difficulty, Clarity, and Relevance were negligible (w < 0.1).

We measured the reliability of student self and peer assessment
ratings by their similarity to the instructor rating and the inter-rater
agreement among students (Table 1). Figure 2 shows self, peer, and
instructor ratings of the worked-out examples on each criterion.

Inter-rater agreement was found to be low among peer reviewers
(a < 0.667) across all four criteria. Further examination of the free-
text comments indicated that the low agreement can be attributed
to varying rating standards and the differing levels of evaluation
efforts. Some students commented on the mistakes yet assigned
high ratings in their evaluation. For example, one reviewer pointed
out the wordiness of a question, stating that it made the instructions
unclear, yet rated the relevance, clarity, and educational value of the
WE as high. Another reviewer rated clarity as high while remarking,
“this question does not make much sense to me.” Furthermore, vari-
ations in effort could have also led to some disagreements. In one
case, a reviewer did not identify any errors, while another reviewer
noted several significant issues, including incorrect answers, failure
to store data in variables, and omission of retrieving the origin.
While individual peer reviewers may differ in their ratings due to
subjective interpretations or varying effort levels, these individual
variances tend to offset each other when averaged across a larger
group of reviewers. Thus, despite low inter-rater reliability at the
individual level, the central tendency (average) of multiple peer
ratings aligns closely with the instructor’s ratings.
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6 Discussion

This research provides insights into the processes and challenges
involved in engaging students in contextualizing computing con-
cepts within their familiar scenarios. Our findings provide positive
evidence for the feasibility of learnersourcing relatable learning
materials in the form of worked-out examples. We also discovered
that the instructor’s examples significantly influenced many stu-
dents’ choice of contexts. Furthermore, our results suggest that
more explicit instructions and scaffolding are necessary to help
students provide essential details in their worked-out examples and
ensure the correctness of their solutions. Below, we reflect on the
initial learnersourcing design, identify three key challenges, and
propose design implications to address these issues.

6.1 Challenges and Lessons Learned

Challenge 1. Ideate contexts from students’ lived experiences be-
yond typical teaching and learning scenarios. The result reveals a
strong inclination among students to rely on existing or popular ex-
amples provided by instructors (Subsection 5.1.1). While academic
scenarios are inherently relatable to students, additional efforts are
needed to elicit contexts that represent students’ lived experiences
beyond their learning environment to develop culturally respon-
sive [34] learning materials. The findings highlight a challenge for
students to recognize and identify their unique contexts (only two
students achieved this). This scarcity may be linked to the stagnant
culture in computing classrooms, where students usually focus on
how to fit themselves into the prevailing computing culture [38],
but are rarely asked to reflect on how computing integrates into
their own contexts.

Challenge 2. Provide relevant information to explain the context
and problem in the worked-out examples. While students success-
fully created worked-out examples (WEs) relevant to the course
topics, challenges emerged in crafting clear problem descriptions
and supplying sufficient data. These issues may cause other stu-
dents to struggle to understand or engage with the WEs effectively.
These quality concerns not only hinder the usability of learner-
sourced WEs for other students, but also limit the potential for
student-created WEs to make a broader impact, gain recognition,
and thereby increase student motivation and engagement with the
learnersourcing approach.

Challenge 3. Develop step-by-step solutions that are clear, correct
and executable. The occasional lack of details or errors in step-by-
step solutions further hinders understanding and engagement with
student-created WEs. In addition, explaining step-by-step solutions
is critical for the effectiveness of WEs as a pedagogical method [31].
Notably, since students are in the process of learning computing
concepts, it is reasonable to anticipate occasional misunderstand-
ings and mistakes in their provided solutions. In a practical and
scalable learnersourcing workflow, it is important to regard stu-
dents as experts in training and accommodate varying levels of
solution quality from them.

6.2 Design Implications

To address the challenges observed, and reflecting on the lessons
learned, we draw six design implications for future improvement
of learnersourcing workflows.
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Implication 1. Foster Context Diversity through Examples. Effective
learnersourcing activities should encourage students to reflect on
their unique experiences and contexts, and provide more explicit
guidance on how computing concepts can be applied in broader
contexts. This could include allowing more time for the students
to ideate new contexts, supplying additional training sessions or
class activities, and providing examples that employ non-typical yet
relatable scenarios. The examples could be prior successful worked-
out examples created by other students and/or those demonstrating
the instructors’ own interests and experiences.

Implication 2. Enhance Context Integration through Smaller Steps.
The key to contextualization is to integrate computing concepts
meaningfully into learners’ scenarios and vice versa. The learn-
ersourcing workflow can be improved by further breaking down
the steps of applying computational thinking in student scenarios
and meaningfully applying computing concepts to solve problems.
This could include scaffolding in formulating problem statements,
defining deliverables, and developing test cases.

Implication 3. Provide Formatting Support. Learnersourcing work-
flows should be adapted to the learning materials being created and
break the creation process down into smaller steps, with a template
for the expected answers. For worked-out examples, this includes
how the problem description should be formatted, how data should
be provided, and how solutions should be presented. A preview of
the resulting WE would help students identify missing information
in their answers. This will not only streamline the task but also
clarify the expectations for students.

Implication 4. Emphasize Clarity. Instructions provided to the
students should emphasize the importance of precise and unambigu-
ous language. Additional support, such as real-time clarity analysis
as students draft their problem descriptions, could be helpful, but
would require further research on how to balance support with dis-
traction. More fine-grained rating rubrics would also help students
reflect and refine the worked-out example during self-assessment.

Implication 5. Guided Data Preparation. The instructions should
provide guidance and support to assist students in providing the
data needed to engage with the worked-out examples they created.
This involves prompting students to revisit their assumptions about
the problem context, identify available data, and define distinct data
fields. Providing support for generating meaningful dummy data is
especially crucial for the database programming contexts.

Implication 6. Mitigate Influence of Incorrect Answers. To address
usability issues due to the potential errors in students solutions,
a possible improvement would be requesting descriptions of sub-
goals in each step. When utilizing worked-out examples created
by students, peer assessment should promote critical thinking and
encourage students to offer constructive suggestions for enhancing
the quality of the examples created by their peers.
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