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Abstract
Transferring programming skills learned in the classroom to diverse
real-world scenarios is both essential and challenging in comput-
ing education. This experience report describes an approach to
facilitate learning transfer by fostering adaptive expertise. Students
were engaged in co-creating contextualized worked-out examples,
including step-by-step solutions. Through three homework assign-
ments in a Spring 2023 database programming course, we observed
substantial improvements, where students generated detailed and
accurate solutions and enriched their problem-solving contexts
from simple phrases to detailed stories, drawn from 17 real-life
scenarios. Our results also suggest that the peer assessment process
cultivated a supportive learning environment and fostered adaptive
expertise. We discuss the lessons learned and draw pedagogical
implications for integrating student-generated contextualized ma-
terials in other programming courses.
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1 Introduction
As computer science (CS) continues to evolve and intersect with
various disciplines, the ability to apply theoretical CS knowledge
and skills across diverse contexts – learning transfer [5, 28] – also
becomes increasingly crucial. Learning transfer enhances deep
understanding and critical problem-solving abilities, ensuring that
students not only memorize concepts but truly comprehend and
effectively utilize them in various real-world applications.
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Researchers have explored strategies to improve students’ learn-
ing transfer. Approaches like pair programming [19] and contextu-
alization [6, 10] aim to develop adaptive expertise [9] – the ability to
apply knowledge creatively to novel problems. Despite their poten-
tial, these methods rely on instructor-generated materials, which
may not scale well with students’ diverse and changing interests.

In this work, we explore engaging students in creating their own
contextualized learning materials. Through the lens of adaptive
expertise [15], we hypothesize that students would actively seek
connections they could build between computing concepts and
their familiar contexts (innovation). Additionally, the process of de-
veloping step-by-step solutions will promote self-explanation [18],
thereby enhancing problem-solving skills[16] (efficiency).

This experience report proposes an innovative learning activ-
ity for computer science education to facilitate students’ learning
transfer and problem-solving skills. We categorize four different
adaptive expertise development trajectories based on students’ per-
formance changes across homework assignments within a semester:
Top Performer, Mountain Climber, Rollercoaster, and Slope Slider.
We also draw implications for pedagogy and learning design in
computing education to support more adaptable, engaging, and
supportive learning environments.

2 Related Work
Learning transfer refers to an individual’s ability to apply acquired
knowledge in new contexts. Different learning theories provide
varying perspectives on learning transfer. Behaviorism views learn-
ing transfer as a generalization, where previously learned behaviors
are applied to new but similar situations [5, 28]. Cognitivism as-
serts that learning transfer depends on how information is stored
in memory and occurs when learners apply knowledge in different
contexts [5]. Constructivism suggests that learning transfer requires
engaging students in authentic tasks and meaningful contexts [5].

In computer science education, various methods guided by dif-
ferent principles, such as problem-based learning [1], inquiry-based
learning [8], and cooperative learning [21], help facilitate learning
transfer. These methods involve instructors acting as facilitators
and students identifying their knowledge gaps and skills to de-
velop. Community support through group work is crucial, fostering
critical analysis and problem-solving abilities [30].

Structured Query Language (SQL) is a foundational topic in com-
puter science education that has garnered significant research atten-
tion within the CSE community [3, 12, 14, 29]. One major challenge
for novices in learning SQL is understanding error messages from
relational database management systems (RDBMS). Researchers
have addressed this issue by developing tools like SQL-Tutor [13]
and SQLValidator [14]. Researchers also tried to introduce new
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education methods into the field of SQL education. For example,
gamification has been widely applied to increase student engage-
ment, motivation, and performance [20, 22, 24, 25].

While these learning systems and educational approaches have
shown their effectiveness, there is an untapped opportunity to
enhance their impact by incorporating more varied and dynamic
practice contexts that are customized to individual students’ famil-
iar scenarios and lived experiences. In this report, we propose an
innovative learning activity to facilitate learning transfer and de-
velop adaptive expertise in computer science education. We present
our experience in applying it to a database programming class
focused on PL/SQL.

3 Pedagogical Framework
This work views the programming learning process through the
lens of the adaptive expertise framework [4]. This framework mod-
els the learning process as the development of two types of exper-
tise, routine expertise and adaptive expertise (Figure 1). Routine
expertise focuses on efficiency and accuracy, such as answering
multiple-choice questions and/or programming prompts within a
given amount of time. Adaptive expertise involves applying knowl-
edge appropriately and creatively in novel situations.

Fostering one’s adaptive expertise is crucial for learning transfer
as it requires individuals to adapt their skills to various contexts
and challenges [11, 16, 17]. The importance of adaptive expertise
has been highlighted in diverse education settings [11, 16, 17].

Figure 1: The Adaptive Expertise Framework portrays the
learning stage with two dimensions: innovation and effi-
ciency. [4]

3.1 Learning Objectives
Corresponding to the two dimensions (innovation and efficiency)
in the adaptive expertise framework, we focus on the following two
learning objectives:

Objective 1: Innovation. Identify the diverse scenarios to apply
the knowledge learned from the classroom.

Objective 2: Efficiency.Decompose the process of applying learned
knowledge to solve a real-world problem.

3.2 Learning Activity
We design a learning activity where students identify and formulate
real-world scenarios to apply the database concepts (objective 1) and
create worked-out examples with step-by-step solutions (objective
2). Worked-out examples are a group of step-by-step illustrations
of the process required to complete a task or solve a problem that
contains a problem context, a procedure for solving the problem,
and auxiliary representations of a given problem [26].

The learning activity contains two major components. The first
component focuses on routine expertise. In our activity design,
this component has two practice questions related to the topic in
focus. These questions are designed by the instructor to remind
students of the knowledge learned from the lecture. The second
component emphasizes adaptive expertise and guides students to
create worked-out examples through four phases. In phase 1, stu-
dents ideate and identify real-world scenarios in which the topic
can be applied. In phase 2, students formulate a database problem
within the scenario and define a problem statement. In phase 3,
students build data tables and generate dummy data to represent
example cases of the problem. These steps are designed to guide
students to contextualize newly learned knowledge in real-world
problems from their familiar contexts (Learning Objective 1). In
phase 4, students suggest a solution to the problem and break the
solution down into multiple smaller steps. In each step, they define
the subgoal [7] and the partial solutions.

3.3 Grading Rubrics
We assess Objective 1: Innovation based on the problem contexts
created by the students. A student’s performance is considered as
high in innovation if the problem context reflects their own interest
or lived experience; and conversely, innovation is rated as low
when the student’s problem context closely mirrors the instructor’s
examples.

Objective 2: Efficiency is evaluated based on the step-by-step
solutions created by students. A student demonstrates high effi-
ciency if they correctly apply the given concept with an accurate
and logical step-by-step solution. Conversely, if the solution con-
tains major errors, the student’s performance is rated as low in
efficiency.

Student performance across both dimensions is then mapped to
each quadrant in Figure 1.

4 Methods
We incorporated the learning activity into a 16-week database pro-
gramming class during the Spring 2023 term. The research was
approved by the IRB at the authors’ institution.

4.1 Course Context
This course covers threemain topics about PL/SQL, a procedural lan-
guage extension for SQL (Structured Query Language): (1) PL/SQL
basics (block structure, variables, data types, control structures
(loops and conditional statements), SQL integration, and excep-
tion handling; (2) Functions and procedures (are schema objects
that encapsulate SQL and PL/SQL statements for specific tasks); (3)
Triggers (are special types of stored programs that automatically
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execute in response to certain events, such as INSERT, UPDATE, or
DELETE operations on a database table.)

4.2 Participants
There were 23 students enrolled in this database programming class
during Spring 2023 semester. The students were primarily juniors or
seniors majoring in information technology or related fields. They
enrolled in the course to fulfill their major requirements and all of
them had completed an introductory-level SQL course. The class
is offered every semester, with a class size of 20-25 in the Spring
and 40-50 in the Fall with a female-to-male ratio of 1:4, which is
consistent with the college’s demographic.

4.3 Procedures
We implemented our designed learning activity through three home-
work assignments on PL/SQL basics, functions and procedures, and
triggers. These assignments were given one to two weeks after
the topics were introduced in the lectures and practiced in lab ses-
sions, with students having about two weeks to complete each one.
Submissions were collected via the university-licensed version of
Qualtrics 1. Each assignment accounted for 4% of the final grade
and the grade was determined based on effort.

After the due date for each homework assignment, students par-
ticipated in anonymous peer assessments. Reviewers were tasked
with working through the examples created by their peers. They
evaluated the problem context, descriptions, and data and compared
their own solutions to the provided ones. Additionally, they were
encouraged to leave constructive comments.

4.4 Data Analysis Methods
Each student was de-identified with a random, unique ID (S<#>).
Each submission is identified as S<#>-HW<#>. All analyses were
conducted after course grades were finalized, and the analysis rat-
ings had no impact on the grades received by the students.

For the innovation assessment, two authors independently cate-
gorized the themes of problem contexts from a third of the submis-
sions. Through iterative discussions, they refined these categories.
One author then applied the refined categories to the remaining
submissions, with all authors reviewing and consolidating the final
themes across all submissions.

For the efficiency assessment, one author evaluated the solutions
by identifying syntax and logic errors. To ensure consistency, a
second author sampled 10 submissions for double-checking. This
process continued until no disagreements were identified.

5 Evaluation Results
We collected 65 student-generated worked-out examples through
three homework assignments, with one submission missing in the
first homework and two in the second. 61 submissions received
at least one peer assessment. However, one submission from the
second homework and three from the third were late and did not
receive peer assessments.

We classified the individual performance change with the follow-
ing categories (Figure 2): Top Performer refers to a student who

1https://purdue.qualtrics.com/

Figure 2: Single Dimensional Learning Patterns with Num-
ber of Students in Each Dimension. No student submissions
were rated as low innovation or low efficiency in all three
homework.

maintains a high level of innovation or efficiency. Such students re-
ceived a rating of high for the dimension across all three homework
assignments. Mountain Climber refers to a student who initially
had a low level of innovation or efficiency but showed improvement
as the semester progressed and finally received a rating of a high
level of innovation or efficiency. Rollercoaster refers to a student
whose level of innovation or efficiency went up and down across
the three homework assignments. Slope Slider refers to a student
who initially showed a high level of innovation or efficiency but
later dropped to a low level in the later homework.

5.1 Learning Objective 1: Innovation
5.1.1 Individual Student’s Performance across the Three Homework.
We have observed all four learning patterns in the innovation di-
mension at the individual level.

Nine studentswere top performers of innovation, whoseworked-
out examples were constantly different from the running examples
by the instructor. Four of these nine students used three different
contexts in their three homework submissions. We also observed
that one student, S9, included the same contexts in the first two
homework submissions but changed to another context in the third
homework assignment.

There were four Mountain Climbers. Two submissions (S8
and S18) initially used contexts similar to the running example, but
identified new contexts in the third assignment. S8’s worked-out
example focused on student information and S18’s on employees.
Two students’ (S6 and S23) first homework submissions were rated
as low innovation due to the brevity of their problem contexts.
For example, S23’s context only included four words - "Fruit store
orders processing." However, in the subsequent homework assign-
ments, although S23’s problem context focused on the same topic,
the student provided more detailed descriptions. S6 improved the
descriptions of contexts in a similar way as S23, but also chose
different contexts in the remaining two homework submissions.
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Two students were Rollercoasters. The students performed
well in the first and third homework assignments, with problem
contexts focused on job search and online business. However, in
the second homework assignment, the students reused contexts
similar to the ones used in the lab assignments.

Four students were Slope Sliders. These four students all pre-
sented two different problem contexts in their first and second
homework assignments, applying database concepts to problems
such as time management, soccer teams, and video games. However,
for the third assignment, they all submitted scenarios similar to the
questions in the running example or lab assignments.

5.1.2 Class’s Collective Performance in Innovation. Overall, 16 out
of 22 Homework1 (HW1) submissions, 13 out of 20 Homework2
(HW2) submissions, and 17 out of 23 Homework3 (HW3) submis-
sions were rated as highly innovative. Our thematic analysis iden-
tified 17 types of contexts from 65 student-generated worked-out
examples across all homework assignments (Table 1).

The most mentioned theme of context was “student’s informa-
tion,” which contained topics related to students’ daily lives, such
as time management, courses taken, and financial aid applications.
One notable theme was “job hunting,” which is particularly rele-
vant to students in their junior or senior year. In addition, some
students built connections between the knowledge practiced and
their personal interests, such as video games, sports, and even auto
racing. Besides these, one student tried to include topics related to
drought in her worked-out example.

While the number of highly innovative submissions (yellow and
green boxes in Figure 3) decreased from Homework1 to Home-
work2 and Homework3, a deeper analysis reveals a shift in the
nature of innovation. Homework1 primarily explored 13 types of
problem contexts (Table 1). Students introduced three new contexts
in Homework2 and one more in Homework3. Furthermore, recur-
ring contexts, such as the “car dealership” theme, were approached
from novel angles. In Homework1, one student focused on selling
and trading at a car dealership, while another student focused on
car repair in Homework2. This trend, coupled with the significant
number of students incorporating new contexts into their later
submissions, suggests a broadening of innovative thinking within
the course.

Furthermore, feedback from the peer review process indicated
positive reactions from students. A total of 56 comments were
collected from 62 peer assessments across three homework assign-
ments. Within the peer feedback, 26 comments commended the
creators for their efforts and success in integrating diverse problem
contexts. Terms like “Creative/Creativity” and “Inspiration” were
frequently used by student reviewers to express their appreciation.
Additionally, 8 comments specifically acknowledged the examples
reviewed as excellent demonstrations of applying theoretical knowl-
edge in practical, “real-world” scenarios.

5.2 Learning Objective 2: Efficiency
5.2.1 Individual Student’s Performance Change across the Three
Homework. In the dimension of efficiency, more students’ submis-
sions maintained high levels for all three homework.

Eleven students wereTop Performers, whose submissions were
rated as high efficiency in all three homework. Their solutions

usually contain five or more steps. Some of them even provided test
cases that other students could use to test their solutions. Moreover,
their descriptions in each step were clear and easy to follow.

Six students were Mountain Climber – demonstrating im-
proved efficiency across three homework assignments. All of these
six students started their first homework with a low level of effi-
ciency. The main reason was they used SQL instead of PL/SQL or
made mistakes in proposed solutions. All of them improved and
maintained a high level for Homework2 and Homework3.

Two students were Rollercoasters, whose efficiency levels fluc-
tuated in three homework assignments. These two students fol-
lowed different paths. One of them displayed high levels of effi-
ciency in the first and third homework assignments but received a
low rating for the second homework assignment due to incomplete
submission, where the student only completed one of the required
steps in providing solutions and left the rest of the spaces blank.
The other student did not break down the solution into smaller
steps in Homework1 and Homework3 and received low ratings as
a result.

5.2.2 Class’s Collective Performance in Efficiency. To evaluate the
class’s overall efficiency, we analyzed the solutions submitted by
the students during the peer review process, contrasting them with
those proposed by the students who originally created the worked-
out examples in each homework.

We categorized solutions submitted by the students during the
peer review process into three groups based on the alignment be-
tween the solutions from student reviewers and creators.

(1) Reviewer solutions were correct. 44 of the 62 peer assessments
were correct. Among these 44 correct solutions, 39 aligned with the
solutions provided by student creators, while five student reviewers
generated answers in their own way, but also correct.

(2) Reviewer solutions were incorrect. Five peer assessments
contained errors in their solutions. The main errors that showed up
among these five included syntax errors, incorrect column names,
and the improper use of SQL instead of the required PL/SQL.

(3) Reviewers opted to leave comments instead of solutions. This
usually happens when the worked-out examples under review were
considered as not “solvable” by the reviewers. Student reviewers
pointed out two main issues during the peer review process. The
first is related to data quality, where creators either failed to provide
necessary data files or provided inaccessible files. The second is
vague problem descriptions, where the worked-out examples were
not clearly defined and reviewers were uncertain about how to
approach the problem.

5.3 Changes in Student Performance
The last column in Figure 2 presents the number of students who
exhibited similar developmental trajectories in both dimensions.
Among the Top Performers, six students consistently maintained
high performance in both innovation and efficiency. Additionally,
two Mountain Climbers improved after starting with low perfor-
mance in both dimensions in Homework1. There is also one student
whose progress resembled a rollercoaster in both dimensions.

Figures 3a,3b, and 3c show where the submissions by students
(represented with unique IDs from 1-23 except those four students
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Table 1: Contexts Identified by Student and the number of students in each context in Homeworks 1, 2, and 3.

Themes Description of Themes HW 1 HW 2 HW 3
Auto Racing Relationship between age and success in auto racing 1 0 0
Customer Customer information such as phone numbers and zip codes 2 1 3
Car Dealership Cars selling, trading, and repairing 2 1 1
Coffee Shop Coffee shop cost and budgets 0 1 0
Employee Information related to employees such as income and hiring 2 1 3
Fruit Store Best-selling fruit and seasonal variations in fruit selling 1 1 1
Global Issues Significant global challenge affecting environments such as drought 1 1 0
Health Care Medical records and patient appointment management 0 1 2
IT Service Server management in a corporate IT environment 0 2 2
Inventory Management Information related to product inventory, inventory transaction, and status 2 3 3
Job Hunting Application for positions that align with students’ majors and experience level 0 2 1
Library Book management 2 2 2
Movie Types of movie and favorite movie 1 0 0
Pet Care Pet recording, pet health tracking 1 0 0
Students’ Information Information related to students in university such as majors, classes, and GPAs 3 2 3
Sports Soccer team performance comparison 2 1 0
Video Game Stories in video games a student played 2 1 2

(S2, S5, S14, S21) having missed submissions) located in the adaptive
expertise coordinates across the three homework.

A majority of the students (N = 12) demonstrated competencies
that aligned with the Adaptive Expertise quadrant in Homework1,
reflecting high innovation and efficiency. The Creative Exploration
quadrantwas alsowell-represented by four students. Three students
fell into the Novice category.

Homework2 revealed a notable transition. The Adaptive Exper-
tise quadrant retained its prominence (N = 13), though with some
reconfiguration in student distribution. The Creative Exploration
quadrant, however, contracted to only one student. These changes
suggest a collective move towards greater efficiency. The Individual
trajectory was more varied. Student 19 moved from Adaptive Exper-
tise to Creative Exploration. Only Student 23 remained in Adaptive
Expertise. Students 8 and 18 shifted to the Routine Clinical Exper-
tise quadrant. This indicates a nuanced pattern where increased
efficiency for some students coincided with a dip in innovation.

Homework3 showed dynamic yet stable class performance com-
pared to Homework2, with a few notable individual shifts. Most
students in Routine Clinical Expertise progressed to Adaptive Ex-
pertise, indicating improved levels of efficiency and innovation.
However, some students reverted from Adaptive Expertise to Rou-
tine Clinical Expertise, likely due to variations in understanding and
competency of different topics or other personal factors influencing
the amount of effort spent on different homework assignments.
Overall, the Adaptive Expertise quadrant was the most populous,
showing growth in students’ learning and adaptability.

5.4 Students’ Comments
Our qualitative analysis of student reviewers’ comments during
peer assessment revealed four distinct themes. Many students found
their peers’ worked-out examples educational, often noting that
these examples allowed them to practice previously learned knowl-
edge or acquire new insights. Some included comments suggesting
revisions to the worked-out examples. These suggestions were typi-
cally for enhancing the clarity and usefulness of the examples that

were already correct. There were also comments highlighting minor
issues in the worked-out examples. Despite these issues, reviewers
expressed overall appreciation for the problems presented. Finally,
some comments identified the issues that made the worked-out ex-
amples not solvable. Reviewers frequently cited poor data quality,
unclear problem descriptions, and incorrect answers as the main
problems, which corresponded with our findings in the solution
comments of peer assessments.

6 Discussion
Our analysis of student performance across three homework as-
signments in a programming course revealed how the proposed
learning activities facilitated learning transfer from the develop-
ment of adaptive expertise. Below we synthesize these findings and
explore their broader implications for pedagogical strategies and
learning design in programming education.

6.1 Learning Objective 1: Innovation
The contexts generated by students varied widely, encompassing
personal interests such as sports and video games, as well as climate
issues like drought. This diversity highlights not only their high
level of engagement and creativity but also their ability to apply
theoretical concepts to a broad spectrum of real-world scenarios.
Allowing students to choose their contexts significantly enhances
innovation, as it makes the learning process more relatable and
engaging. This personalized approach encourages deeper cognitive
processing, as students are more likely to invest effort in topics
they find personally meaningful.

Moreover, the positive feedback from peer reviews highlights
the value of peer assessment in reinforcing innovation. Comments
praising creativity and real-world applicability suggest that peer
assessment can serve as a powerful motivational tool, encouraging
students to strive for innovation in their work. This peer interac-
tion not only fostered a collaborative learning environment but
also exposed students to diverse perspectives and ideas, further
stimulating their creative thinking.
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(a) Homework 1 (b) Homework 2 (c) Homework 3

Figure 3: Student’s Adaptive Expertise in Three Homework Assignments. The numbers indicate student ID. Each colored square
box represents one student and their performance standing assessed based on the adaptive expertise framework.

6.2 Learning Objective 2: Efficiency
The observation that solutions with five or more steps were gen-
erally associated with high efficiency underscores the importance
of structured problem-solving and detailed explanations in devel-
oping expertise. This finding aligns with previous studies related
to the self-explanation effect in learning programming identified
by Pirolli and Recker [18], that students who can explain the pro-
gram well, tend to perform better in programming. By breaking
down problems into smaller, manageable steps, students not only
demonstrated their understanding of the subject matter but also
developed a more systematic approach to problem-solving.

The improvement in efficiency noted in the Mountain Climber
category further illustrates the potential impact of the learning
activity that requires students to articulate their thought processes.
Such designs not only challenge students to clarify their understand-
ing but also provide opportunities for reflection and self-assessment,
which are key to developing efficient problem-solving strategies.

6.3 Implications for Pedagogy and Learning
The observed student’s different development trajectories in two di-
mensions of adaptive expertise, Top Performer, Mountain Climber,
Rollercoaster, and Slope Slider, underscore the need for learning en-
vironments that are adaptable and responsive to individual student
needs. In our study, the fluctuations and regressions in students’
performance levels in the Rollercoaster and Slope Slider patterns
suggest that individual differences, such as prior knowledge, learn-
ing preferences, and perhaps external factors like workload, may
significantly influence student development.

Moreover, educators should emphasize the importance of struc-
tured problem-solving and clear articulation of thought processes,
especially for fields similar to programming education, which re-
quires students to adapt theoretical knowledge and skills to solve
various problems. Our findings on the effectiveness and benefit of
self-explanation in learning programming align with previous stud-
ies [2, 23, 27]. Providing students with frameworks or templates for
breaking down problems and encouraging them to explain their
solutions in detail can help develop these essential competencies.

Finally, the steady progress made by students who approached
their work like Mountain Climbers, showing continuous improve-
ment from Homework1 to Homework3, may be attributed to the
iterative nature of the assignments. Our findings on individual
students’ improvement in the dimension of innovation and new

contexts identified from all three homework assignments indicate
that creating a more engaging and supportive learning atmosphere
by incorporating elements such as peer assessment could facilitate
students’ continuous improvement and innovation.

6.4 Limitations and Future Work
We acknowledge several limitations in our work. Firstly, students
in our study come from diverse cultural, social, and academic back-
grounds, which may affect their cognitive processes and the effec-
tiveness of our learning activity, highlighting the need for thorough
long-term evaluation. Secondly, as most students have completed
foundational programming courses and are in their junior and se-
nior years, this limits the generalizability of our findings. Future
assessments should target a broader population. While the study
took place over a semester, additional tasks like lab assignments,
group projects, and potential discussions among students could
contribute to enhancing student learning. Further evaluation in a
controlled setting or through comparative studies is needed. Ad-
ditionally, Future work should consider implementing a pre- and
post-assessment to better quantify learning gains.

7 Conclusion
This study explores the development of adaptive expertise among
programming students, revealing a nuanced picture of learning
trajectories with notable successes and occasional setbacks. The
insights offer a road map for educators seeking to cultivate high
levels of innovation and efficiency in their students. By engaging
students in connecting knowledge with their familiar real-world
scenarios, structured problem-solving, and reflective practice, ed-
ucators can better support their students on the journey toward
adaptive experts in their respective fields.
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