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Abstract
This paper reports on the adoption of Programming Dojo in under-
graduate Java Object-Oriented Programming (OOP) courses across
four cohorts at two Brazilian institutions in 2025.1 and 2025.2, with
76 students surveyed anonymously. Two formats were compared:
a whole-class format with single-pass active participation (2025.1)
and a small-group format with multi-pass participation (2025.2).
The structural variable most associated with affective outcomes
was participation dose, not audience size: under single-pass par-
ticipation, engagement collapsed after each student’s turn, a relief
effect that the small-group format eliminated. Students also rated
the Dojo as more useful for appreciating OOP design than for OOP
learning in general (Wilcoxon r = .56 and .37 in the 2025.1 cohorts),
and reducing the audience shifted the valence of perceived pressure
from predominantly negative to predominantly positive in the co-
hort most affected by the whole-class format. Recommendations for
educators adopting collaborative coding practices in OOP courses
are discussed.
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1 Introduction
The growth of Computer Science and Information and Communi-
cation Technologies courses in Brazil underscores the increasing
demand for training in these areas. Data from the Brazilian Higher
Education Census (published by INEP/MEC [5]) indicate that, in
2024 alone, these courses registered approximately 500,000 new
students; yet the accumulated dropout rate remains close to 50%,
pointing to structural challenges in Computer Science education,
especially in its initial stages [6].

Teaching computer programming is widely recognized as a criti-
cal factor behind this scenario. Introductory courses exhibit signifi-
cant failure and dropout rates, often associated with students’ diffi-
culty in developing adequate mental models for problem-solving,
gaps in logical-mathematical preparation, and motivational fac-
tors [13, 14]. Object-Oriented Programming (OOP) adds a further
layer of complexity since it requires higher levels of abstraction
(encapsulation, inheritance, polymorphism) and the structuring
of solutions around objects and their interactions [8]. The result-
ing transition from algorithmic to object-oriented thinking is hard

for many students and directly affects performance and software
outcomes [15].

Active learning methodologies have been widely investigated as
alternatives to mitigate these difficulties [3, 22]. Among them, the
Coding Dojo stands out as a practice originating in agile software
development, especially Extreme Programming (XP), in which par-
ticipants collaboratively solve programming problems in structured
sessions, alternating roles and building solutions incrementally [18].
This dynamic favors technical learning along with communication
skills and exposure to different problem-solving strategies, while
its rapid feedback loop brings the learning process closer to real
software development practice [4].

This paper presents an experience report on the application of
Coding Dojo sessions in Object-Oriented Programming with Java
courses, offered across four undergraduate cohorts at two Brazilian
institutions in 2025.1 and 2025.2. Two structurally different formats
were adopted: a whole-class format with single-pass active par-
ticipation per student and a small-group format with multi-pass
participation, allowing a multi-cohort comparison under harmo-
nized materials and a single instructor. We frame the work as an
experience report: the data are students’ self-reported perceptions
collected through an anonymous questionnaire, and the quantita-
tive analysis is primarily descriptive, complemented by exploratory
non-parametric tests. We do not claim experimental control over
the differences between cohorts, and the comparisons we draw are
interpreted as associations rather than causal effects (Section 7).

The paper describes the planning, execution, and assessment de-
sign of the Dojo across the four cohorts and derives lessons learned
and practical recommendations for educators adopting collabora-
tive coding practices in OOP courses. Its main contribution, though,
lies in the findings themselves related to a relief effect associated
with single-pass participation, channeling the Dojo toward design
appreciation rather than first-exposure content acquisition, and a
shift in the valence of perceived pressure from negative to positive
when the audience shrinks.

2 Theoretical Background and Related Work
2.1 Teaching Programming
Learning to program is regarded as one of the most demanding
challenges in undergraduate computing education, as students must
master language syntax, develop problem decomposition skills, and
construct adequate mental models of program execution. Despite
decades of research and pedagogical innovation [14, 17], dropout
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rates in introductory programming courses remain high across
educational systems and institutional contexts [6, 12]. Recurring
obstacles include limited prior mathematical preparation, difficul-
ties with control flow and data structures, and motivational factors
[13]; on the instructor’s side, large classes and heterogeneous stu-
dent profiles complicate the design of effective learning experiences
[16]. In Brazil, structural differences between public and private in-
stitutions create distinct learning environments worth considering
[9]. A consistent finding across this literature is that approaches
engaging students actively (requiring them to produce, discuss, and
reflect on code) tend to yield better learning outcomes and higher
retention than purely expository instruction [3, 22].

2.2 Teaching Object-Oriented Programming
Beyond the procedural and algorithmic reasoning discussed above,
OOP requires a mental model in which computation is organized
around objects, their states, and relationships [8] — a transition that
is not merely syntactic but demands a level of abstraction many
students are not yet equipped to handle [13].

Research has identified a consistent set of conceptual barriers.
Encapsulation, while syntactically straightforward, is frequently
misunderstood semantically, as students often treat access modi-
fiers as bureaucratic formalities rather than a design principle that
enforces information hiding and reduces coupling [21]. Inheritance
is often overused as a code-reuse mechanism, with its semantic
implications for type hierarchies overlooked [11]. Polymorphism
is widely reported as the concept most resistant to consolidation,
as it requires reasoning about behavior resolved at runtime [11].
Collectively, these difficulties point to a gap between syntactic
competence (writing code that runs) and conceptual competence
(designing solutions that are coherent, extensible, and maintain-
able).

Java, one of themost widely adopted languages for teaching OOP,
enforces the paradigm from the start and combines a strict type sys-
tem with verbose syntax, imposing additional load on novices [2].
A well-documented consequence is the persistence of procedural
thinking patterns. Students grounded in structured programming
produce solutions that are nominally object-oriented but struc-
turally procedural [8]. This disconnect is difficult to detect solely
through automated assessment, which motivates the adoption of
collaborative, observable coding practices.

2.3 Active Methods for Teaching and Learning
Programming

Active learning is broadly defined as any instructional approach
that engages students in meaningful activities requiring them to
think about what they are doing, rather than passively receiving
information [1]. In computing education, this distinction carries par-
ticular weight, since programming competence is acquired through
repeated cycles of construction, failure, and reflection; active ap-
proaches have consistently been found to produce better outcomes
than lecture-based instruction [3, 22]. Investigated strategies in-
clude problem-based learning, gamification, and collaborative cod-
ing practices such as pair programming and live coding [3, 4, 22].
Collaborative practices bring a dimension particularly relevant to
OOP: they make the problem-solving process visible, externalizing

reasoning that remains implicit in individual work. Since students
can produce syntactically correct code that conceals deep concep-
tual misunderstandings, formats that require design decisions to
be articulated and defended in real time create conditions in which
such misunderstandings surface. Among these practices, the Cod-
ing Dojo operationalizes collaborative coding within an explicit
pedagogical framework.

2.4 Coding Dojo Practices
Coding Dojo is a collaborative programming practice originated
in the context of agile methodologies, particularly XP, in which a
group collectively solves a programming problem in a structured,
non-competitive environment [18]. Randori is the most widely
adopted format: participants alternate between the roles of Pi-
lot, who controls the keyboard and writes the code, and Copilot,
who guides the Pilot’s decisions and monitors the overall direction
of the solution. The remaining participants form the audience, who
observe, may contribute suggestions when invited, and prepare
to take their turn. The defining mechanic is the timed rotation: at
fixed intervals (commonly five minutes), the Pilot steps out and
rejoins the audience, the Copilot becomes the new Pilot, and a new
Copilot is drawn from the audience, so that every participant cycles
through both active roles. The solution is built incrementally by a
succession of pairs, each inheriting and extending the code left by
the previous one, forcing the reasoning behind each design deci-
sion to be made explicit so that the next pair can carry it forward.
Sessions typically conclude with a retrospective in which partici-
pants reflect collectively on what was learned and what could be
improved [18]. The two concrete instantiations of this cycle used
in our study (a whole-class rotation and a within-group rotation)
are detailed in Section 3 and illustrated in Figure 1.

Empirical studies on Coding Dojo in educational contexts have
produced generally positive findings. Estácio et al. [7] conducted a
controlled experiment comparing Randori Dojo and Pair Program-
ming in the acquisition of programming skills and concluded that
both practices outperformed individual programming, with fewer
code anomalies introduced in Randori sessions and motivation of-
ten rated higher in Pair Programming. In the Brazilian educational
context, [4] reported that Dojo sessions fostered a collaborative
and engaging environment, with increased motivation and a sense
of collective ownership of the solution, while also identifying ex-
posure anxiety, the discomfort of writing code in front of peers,
as a persistent barrier that instructors must actively manage. The
most directly related study is Schoeffel et al. [20], who applied Cod-
ing Dojo specifically in an OOP course and found that the format
can support OOP concept acquisition, particularly through reading
and continuing a colleague’s code; their study, however, covered
a single institution and cohort, and did not examine student per-
ception of specific Dojo dynamics such as role rotation, assessment
criteria, or awareness of design quality as distinct constructs. More
recently, [19] reported positive effects on motivation, collaboration,
and perceived learning in introductory programming courses in
Brazil.

Taken together, the literature establishes CodingDojo as a promis-
ing pedagogical strategy. Our findings confirm the generally posi-
tive affective and collaborative perceptions reported by [4, 7, 19, 20]
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and the salience of exposure anxiety noted by [4]. What they add,
and what to our knowledge has not been reported together, is the
relief effect under single-pass participation, the contrast between
a public and a private institution under the same instructor and
materials, the channeling of the Dojo toward design appreciation in
an OOP setting, and the discussion of assessment criteria, including
soft skills such as courage, proactivity, and collaboration.

3 Experience Context and Design
3.1 Institutional and Course Context
The experience was conducted in OOP/Programming courses at
two Brazilian higher education institutions in the two semesters of
2025. UERJ is a public university; the course “LP2” (Programming
Language 2) is part of the Computer Science (CS) undergraduate
program and may be taken from the third semester onward. IB-
MEC is a private institution; the course “POO” (Object-Oriented
Programming) is offered across multiple programs: from the second
semester in the Systems Analysis and Development (SAD) technol-
ogist program, and from the third semester onward in Computer
Engineering (CE), Software Engineering (SE), and Data Science
& Artificial Intelligence (DS&AI) programs. An overview of the
cohorts is presented in Table 1.

The same instructor taught all four cohorts. The lecture content,
worked examples, homework exercises, set of Dojo problems, and
the four assessment criteria were identical across cohorts; what
differed was the Dojo format, the host institution and its student
profile (Table 1; Section 6.6), and, for PRIVATE 2025.1, the distri-
bution of weight among the assessment criteria (Table 2). “LP2” at
PUBLIC and “POO” at PRIVATE belong to different programs and
curricula, but both are first courses dedicated to the object-oriented
paradigm in Java, cover the same syllabus (encapsulation, relation-
ships, inheritance, and polymorphism), and were delivered over a
comparable course load; we treat this equivalence of materials and
instructor (not of institutional curriculum) as the basis for the cross-
cohort comparison. Problems followed a progressive-complexity
model: 30 minutes for abstraction problems (classes and objects), 40
minutes for relationship problems (dependencies and associations),
and 50 minutes for inheritance and polymorphism problems. Dojo
sessions were held only after each topic had been introduced and
practiced in class and through homework; the Dojo was thus posi-
tioned as a consolidation activity, not as the first encounter with
each concept.

Table 1: Cohort profiles.

Cohort Program(s) Enrolled Reg. Att. Resp. Resp. Rate

PUBLIC 2025.1 CS — 3rd sem+ 50 38 20 53%
PRIVATE 2025.1 SAD 2nd sem+;

CE/SE/DS&AI 3rd
sem+

53 45 30 67%

PUBLIC 2025.2 CS — 3rd sem+ 15 11 6 55%
PRIVATE 2025.2 SAD 2nd sem+;

CE/SE/DS&AI 3rd
sem+

36 30 20 67%

3.2 Dojo Format — 2025.1: Whole-Class Format
In the first semester (2025.1), both cohorts used the classical whole-
class Dojo format (Figure 1a). A pilot and a copilot coded at the front
of the room, visible to all students. Every five minutes, the copilot
assumed the pilot role, the former pilot returned to the audience, and
a new copilot was selected by random number generation mapped
to the class attendance list. Students who had already participated
as both pilot and copilot were excluded from subsequent draws.
The session continued until the problem was solved or the time
limit for that problem category was reached. In both formats, and
unlike the classical Randori described in Section 2.4, in which the
audience may be invited to contribute, only the active pilot and
copilot were allowed to speak and intervene in the solution: the
remaining students — the whole class in 2025.1, the waiting group
members in 2025.2 — observed in silence, since the assessment
focused on the performance of the two active roles.

Given the class sizes, covering all students required multiple
sessions: PUBLIC 2025.1 held 5 Dojo sessions (one per class day),
while PRIVATE 2025.1 required 8 sessions, with some days hosting
more than one Dojo to accommodate 45 regular attendees. Under
this format, each student participated actively as pilot exactly once
and as copilot exactly once across the entire semester, for a total of
2 active rounds per student.

3.3 Dojo Format — 2025.2: Small-Group Format
In the second semester (2025.2), the format was redesigned. The
class was divided into groups of three to five students, and each
group conducted its own Dojo simultaneously. Groups were com-
posed by the instructor, who distributed higher-performing stu-
dents (based on prior assessments) homogeneously across groups
to ensure each group had at least one student capable of supporting
peers during problem-solving. Role rotation occurred within the
group, not across the class (Figure 1b).

Only two Dojo sessions were held per cohort: one for abstrac-
tion problems (30 minutes) and one for inheritance/polymorphism
problems (50 minutes). Within each session, students rotated roles
multiple times, resulting in each student acting as pilot at least
twice and as copilot at least twice per session, for a minimum of
8 active rounds across the semester, a fourfold increase over the
2025.1 format. Figure 1 highlights the differences between the two
formats.

3.4 Assessment Design
Dojo participation was assessed subjectively by the instructor ac-
cording to four criteria, applied consistently across all cohorts: (1)
Courage: willingness to participate and engage despite uncertainty;
(2) Proactivity/Leadership as pilot: initiative in problem decomposi-
tion and coding decisions; (3) Technical understanding: correctness
and quality of the produced solution; (4) Collaboration as copilot:
quality of guidance and support provided to the pilot. Students
knew the four criteria in advance, but did not know how points
were distributed among them. The total score and its weight in the
final grade varied across institutions, ranging from 20% to 25% of
the final grade, as shown in Table 2.

A notable difference across cohorts concerns the weight assigned
to the “courage” criterion: 50% of the Dojo score in PRIVATE 2025.1
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(a) Whole-class format (2025.1)

code P C front of
the room

audience: entire class (38–45 students)

random
draw

promote

steps out

every 5min, incoming Copilot drawn at random • new
Pilot inherits code from an unfamiliar peer

dose: 1×P + 1×C per semester (5–8 sessions)

(b) Small-group format (2025.2)

groups of 3–5 run in parallel • each group produces its own code

P

Ccode

G1

P

Ccode

G2

P

Ccode

G3

P

Ccode

G4

every 5min, in fixed order within the closed group • code
circulates among the same 3–5 students

dose: ≥ 2×P + ≥ 2×C per session (2 sessions per semester)

P Pilot (types code) C Copilot (guides Pilot) audience (awaits turn) timed role rotation

Figure 1: Session dynamics of the two Randori formats: (a) whole-class (2025.1), a single pair rotating in front of the entire class
with random selection; (b) small-group (2025.2), parallel groups rotating in a fixed order, each producing its own code.

Table 2: Assessment criteria weights by cohort.

2025.1 2025.2

Criterion PUB PRV PUB PRV

(i) Courage / Participation 10% 50% 10% 10%
(ii) Proactivity / Leadership 30% 20% 40% 40%
(iii) Technical Understanding 40% 20% 30% 30%
(iv) Collaboration as Copilot 20% 10% 20% 20%

Total Dojo points 5 10 5 10
Weight in final grade 25% 20% 25% 20%

versus 10% in all other cohorts. This adjustment reflected early resis-
tance among PRIVATE students who feared that Dojo participation
might negatively impact their grades; the criterion was rebalanced
in subsequent cohorts as students became comfortable with the
dynamic and peers from prior cohorts attested that grades had not
been adversely affected. PUBLIC students did not raise this concern
explicitly in advance.

4 Data Collection and Analysis
During each Dojo session, the instructor observed and took notes
on each student’s performance in both roles, recording decisions
made, the quality of support offered to the pair, and the solution
being developed. After the session, the instructor reviewed the final
code produced and discussed it with the students as part of the
assessment process. These observations informed the subjective
participation grade but were not transcribed into a structured per-
formance instrument (e.g., code-quality rubrics or concept-mastery

measures); consequently, the present study reports students’ per-
ceptions of the experience, not objective learning or code-quality
outcomes. This scoping is revisited in Sections 7 and 8.

On the last class day of each semester, students were invited
to complete an anonymous, voluntary online questionnaire about
their perceptions of the Dojo experience. Before accessing the ques-
tionnaire, students were presented with a consent statement stating
that participation was entirely voluntary, which the instructor re-
inforced verbally. The questionnaire (Google Forms) consisted of
Likert-scale items (1–5), dichotomous yes/no questions, multiple-
choice items (select all that apply), and open-ended questions, cover-
ing: (1) prior experience with the Dojo format; (2) perceived utility
for learning and for understanding OOP specifically; (3) motiva-
tional impacts; (4) perceived role difficulty and learning value; (5)
fairness of the assessment; and (6) suggestions for improvement. Re-
sponses were not linked to individual Dojo scores, as the instrument
was anonymous; this protected response sincerity but precluded
cross-referencing perceptions with actual grades. Response rates
ranged from 53% to 67% of regular attendees (Table 1), yielding 76
valid responses in total.

Quantitative data were analyzed mainly descriptively, with Lik-
ert items treated as ordinal (medians, modes, frequencies, and cross-
tabulations by cohort and institution). For the two paired Likert
items on perceived utility (OOP learning versus OOP design), a
within-respondent Wilcoxon signed-rank test was additionally ap-
plied as an exploratory confirmation of the direction of the observed
gap (Section 5.5); these tests are exploratory and not pre-registered,
and no family-wise correction was applied (Section 7).

Open-ended responses were analyzed thematically following an
inductive coding procedure. The first author conducted all of the
coding by reading the open-ended responses and assigning initial
codes that captured the respondents’ main messages. Recurring
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codes were then grouped into higher-level categories, which were
refined and merged as new responses were incorporated. The cod-
ing unit was the individual response to an open-ended item. The
second author did not code independently; instead, she reviewed
the complete set of responses together with the codes and themes
produced by the first author, and divergences in interpretation were
resolved through discussion. Because a single coder produced the
codes, we do not report inter-rater agreement statistics; the coding
scheme and the coded responses are included in the replication
package (Section “Artifact Availability”) to support transparency
and independent inspection.

5 Results
5.1 Prior Experience
Of the 76 respondents, 75 (98.7%) reported having no prior experi-
ence with the Programming Dojo before taking the course, with a
single respondent in PRIVATE 2025.2 reporting prior exposure. This
near-unanimous lack of prior familiarity strengthens the compara-
bility of the cohorts: the format variations in Section 3 represent
first-time Dojo experiences for virtually all participants.

5.2 Reliance on AI Tools
Because generative AI assistants are a salient confound in program-
ming education, a 5-point item asked how much each respondent
felt they needed to rely on AI tools to cope with the OOP course,
relative to other programming courses. Reliance was modest and
differed by institution rather than format: PRIVATE medians of 3.0
in both semesters versus PUBLIC medians of 2.0 and 2.5. We did
not instrument whether AI tools were used during sessions; the
live, timed rotation structurally limits private use, but we treat it as
uncontrolled (Section 7).

5.3 General Motivational Impact
The broader motivational and affective consequences of Dojo partic-
ipation were investigated with two instruments. The first was a cate-
gorical item asking respondents whether, after taking part in a Dojo
session, they had lost motivation to keep engaging with subsequent
Dojos (yes/no). Across the four cohorts, 28 of 76 respondents (36.8%)
reported losing motivation after their own participation, with rates
of 65.0% in PUBLIC 2025.1 (13/20), 30.0% in PRIVATE 2025.1 (9/30),
16.7% in PUBLIC 2025.2 (1/6), and 25.0% in PRIVATE 2025.2 (5/20).
The second was a multiple-selection checklist of ten possible mo-
tivational effects (positive engagement responses, anxiety-related
responses, and the valence of perceived pressure), with respondents
instructed to mark all items that applied. Counts and percentages
are reported in Table 3.

Table 3 rewards a closer look. Positive and anxiety-related re-
sponses coexist at similar magnitudes at the top of the table: paying
more attention in lectures and worrying about meeting instruc-
tor expectations were each selected by 52.6% of respondents, and
greater concern with code quality (51.3%) sits alongside embar-
rassment over public mistakes (42.1%). The valence of perceived
pressure, in contrast, varied across cohorts. In PUBLIC 2025.1, neg-
ative pressure (50%) far exceeded positive pressure (15%); in the
three remaining cohorts, positive pressure equaled or exceeded

negative pressure (PRIVATE 2025.1: 43% vs. 23%; PUBLIC 2025.2:
67% vs. 17%; PRIVATE 2025.2: 40% vs. 30%).

The number that stands out most, though, is the 65% rate of post-
participation motivation loss in PUBLIC 2025.1: more than twice
the next-highest rate (PRIVATE 2025.1, 30%) and nearly four times
the rate observed under the small-group format at PUBLIC 2025.2
(17%). One qualitative response from that cohort put it bluntly:
“After my Dojo, I gradually lost focus on the subject. I sensed this
in my classmates too — ‘I’ve already done the Dojo, since this is
a Dojo class, I don’t need to go.’ ” We return to these patterns in
Section 6.

5.4 Role Perception: Pilot vs. Copilot
Respondents were asked which of the two roles, pilot (typing) or
copilot (guiding), they had found more challenging, and which
had provided more learning. Pooled across cohorts, 60.5% (46/76)
identified the pilot as more challenging and 61.8% (47/76) as more
learning-rich. The pattern held in three of four cohorts; PRIVATE
2025.2 inverted on challenge (55% chose copilot), but not on learning,
a pattern that returned in Section 6.5. Role exchange was endorsed
as beneficial by a clear majority overall (78.9%, 60/76) and in every
cohort.

5.5 Perceived Utility
Students rated the perceived utility of the Dojo on two 5-point
Likert items: one concerning their learning of OOP in general (the
Learning item) and one concerning their understanding of the
importance of good design and code in OOP (the Design item),
with 1 = not useful at all and 5 = extremely useful. Responses were
treated as ordinal: central tendency is summarized using the median
(with interquartile range and mode), and the distribution is grouped
into three ordered categories: Low (1–2), Neutral (3), and High (4–5).
Table 4 reports these summaries by cohort and item.

The Design item was consistently rated higher than the Learning
item, with Design medians equal to or higher than Learning medi-
ans in every cohort. Also, all four cohorts converged on a median of
4.0 for Design, with High-rating proportions ranging from 60.0% to
66.7%, whereas for Learning, the range was 30.0% to 83.3%. On top
of these sits a semester movement: both items were rated higher
in 2025.2 than in 2025.1, most visibly on the Learning item, whose
High-rating proportion rose from 30.0% to 83.3% at PUBLIC and
from 46.7% to 50.0% at PRIVATE.

Because the same respondents answered both items, we applied
the within-subjects Wilcoxon signed-rank test to the paired dif-
ferences (Design − Learning), reporting also the direction of the
difference and the effect size 𝑟 = |𝑧 |/

√
𝑁 (Table 5). In both 2025.1

cohorts the direction favored the Design item and the test was
significant, with a large effect at PUBLIC (𝑝 = .012, 𝑟 = .56) and
a medium effect at PRIVATE (𝑝 = .042, 𝑟 = .37); in both 2025.2
cohorts the direction was more evenly distributed and neither test
reached significance. The attenuation of the asymmetry between
semesters is examined in Section 6.

5.6 OOP Concepts with Perceived Improvement
Whereas Section 5.5 examined perceived utility in the aggregate,
this subsection examines which specific OOP concepts students
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Table 3: Self-reported motivational effects of the Dojo, overall and by cohort.

% by cohort

Motivational effect Type Total Overall % PUB. 2025.1 PRV. 2025.1 PUB. 2025.2 PRV. 2025.2

Paid more attention in lectures Positive 40 52.6% 60% 50% 50% 50%
Worried about meeting instructor expectations Anxiety 40 52.6% 55% 53% 67% 45%
Greater concern with code quality Positive 39 51.3% 60% 53% 67% 35%
Solved more exercises at home Positive 37 48.7% 45% 50% 83% 40%
Embarrassed by making mistakes publicly Anxiety 32 42.1% 50% 40% 50% 35%
Practiced more exercises in class Positive 31 40.8% 30% 43% 50% 45%
Afraid of receiving a low grade Anxiety 30 39.5% 35% 40% 33% 45%
Felt pressure as positive Positive 28 36.8% 15% 43% 67% 40%
Felt pressure as negative Negative 24 31.6% 50% 23% 17% 30%
Opportunity to demonstrate knowledge Positive 20 26.3% 20% 20% 33% 40%

Note. 𝑁 = 76; multiple selection permitted, so percentages do not sum to 100.

Table 4: Perceived utility of the Dojo by cohort — medians and grouped frequency distribution.

Frequency distribution (%)

Cohort n Median IQR Mode Low (1–2) Neutral (3) High (4–5)

Panel A. Perceived utility for OOP learning

PUBLIC 2025.1 20 3.0 [2.00, 4.00] 3 35.0% 35.0% 30.0%
PRIVATE 2025.1 30 3.0 [3.00, 5.00] 3 16.7% 36.7% 46.7%
PUBLIC 2025.2 6 4.0 [4.00, 4.00] 4 0.0% 16.7% 83.3%
PRIVATE 2025.2 20 3.5 [2.75, 5.00] 5 25.0% 25.0% 50.0%

Panel B. Perceived utility for understanding the importance of good OOP design

PUBLIC 2025.1 20 4.0 [3.00, 5.00] 4/5 15.0% 25.0% 60.0%
PRIVATE 2025.1 30 4.0 [3.00, 5.00] 5 10.0% 26.7% 63.3%
PUBLIC 2025.2 6 4.0 [3.25, 4.75] 4/5 16.7% 16.7% 66.7%
PRIVATE 2025.2 20 4.0 [3.00, 4.25] 4 10.0% 25.0% 65.0%

Note. IQR = interquartile range [𝑄1,𝑄3 ]. Row percentages may not sum to 100 due to rounding.

Table 5: Within-cohort comparison of perceived utility for OOP learning versus OOP design —Wilcoxon signed-rank tests.

Median Direction of paired difference Wilcoxon signed-rank test Effect size

Cohort Learn. Design 𝐷 > 𝐿 Tied 𝐿 > 𝐷 W z p r Interp.

PUBLIC 2025.1 3.0 4.0 55% 35% 10% 11.0 −2.51 .012 .56 large
PRIVATE 2025.1 3.0 4.0 33% 57% 10% 18.0 −2.03 .042 .37 medium
PUBLIC 2025.2 4.0 4.0 17% 50% 33% 2.5 −0.00 1.000 .00 negligible
PRIVATE 2025.2 3.5 4.0 40% 35% 25% 30.0 −1.13 .260 .25 small

Note. Direction columns report the percentage of respondents rating the Dojo as more useful for design (𝐷 > 𝐿), tied, or more useful for learning (𝐿 > 𝐷). The Wilcoxon test
operates on the non-tied pairs (normal approximation with continuity and tie correction); the effect size 𝑟 = |𝑧 |/

√
𝑁 uses the full cohort size 𝑁 . Interpretation of 𝑟 : negligible < .10,

small ≥ .10, medium ≥ .30, large ≥ .50. Bold 𝑝-values denote significance at 𝛼 = .05 (two-tailed).

associated with perceived improvement. Respondents were pre-
sented with a checklist of eight core OOP concepts, ranging from
foundational structural notions (abstraction, encapsulation, inheri-
tance, inter-class relationships) to more advanced topics (direction
of relationships, polymorphism, abstract classes, interfaces), and
marked all concepts for which they had perceived an improvement
in understanding as a result of Dojo participation. Figure 2 reports
the proportion endorsing each concept.

A clear gradient is visible in Figure 2. The four most frequently
selected concepts are precisely those associated with the early

modeling steps of an object-oriented solution: identifying which
classes the problem requires, what attributes and responsibilities
each class should hold, how classes relate to one another, and how
data and behavior should be encapsulated within them. The four
least frequently selected are those typically introduced later in
the curriculum and required only when problems demand richer
structural flexibility.
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Abstraction (classes and attributes)

Inter-class relationships

Encapsulation

Inheritance

Interfaces

Direction of relationships

Abstract classes

Polymorphism (method overriding)

64.5 %

60.5 %

56.6 %

50%

15.8 %

26.3 %

34.2 %

35.5 %

% of respondents (𝑁 = 76; multiple selection)

Foundational / structural
Advanced / specialized

Figure 2: Proportion of respondents reporting perceived im-
provement in each OOP concept (N = 76; multiple selection
permitted). Concepts are ordered by frequency; shading dis-
tinguishes foundational/structural concepts (darker) from
advanced/specialized ones (lighter).

5.7 Assessment Fairness and Open-Ended
Feedback

Overall, 66 of 76 respondents (86.8%) judged the Dojo assessment
fair, with affirmative rates ranging from 80% to 100% across co-
horts. The open-ended items nuance this aggregate figure in three
ways. First, redistribution preferences were symmetric around the
courage/participation criterion: in the PRIVATE cohorts, where
courage weighed 50% of the Dojo score in 2025.1, the recurring
request was to move weight from courage toward copilot collabo-
ration or leadership — the direction in which the assessment was
in fact modified between semesters (courage: 50%→ 10%; Section
6.4) — whereas in PUBLIC 2025.1, where courage weighed only
10%, three respondents proposed creating or raising an explicit
participation point. The two extremes thus converge, from opposite
directions, on a moderate participation weight.

Second, the single most frequent suggestion across all cohorts, by
a widemargin, wasmore time in the active roles: 31 of 76 respondents
(41%) asked for longer turns as pilot or copilot, or for dedicated
time to analyze the problem before coding, including 14 of the 20
PUBLIC 2025.1 respondents. The requests targeted the per-turn
rotation slot rather than total session length, and they persist under
the small-group format reframed accordingly: 2025.2 respondents
asked for longer rotation intervals and smaller groups rather than
for longer sessions.

Third, four respondents across the two 2025.1 cohorts identified
a fairness concern that the closed items do not capture. Since ac-
tive participation was single-pass while the Dojo problems grew
progressively harder, students drawn early in the semester faced
easier material than students drawn late. Two smaller threads also
recur: four respondents asked for individualized feedback or for the
reference solutions to be distributed (the latter adopted in 2025.2),
and three asked for the assessment criteria to be restated before

each session, likely reflecting absences on the day the criteria were
introduced. These threads are taken up in Sections 6.1, 6.4, and 6.7.

6 Discussion
6.1 The Relief Effect: Participation Dose as a

Structural Variable
The most consequential structural difference between the whole-
class format (2025.1) and the small-group format (2025.2) was not
audience size but participation dose. As detailed in Section 3, the
same student went from two active rounds across the whole se-
mester to at least eight. This difference in practice frequency, we
argue, is the structural variable most plausibly associated with the
observed motivational and utility-perception differences between
semesters. Because format, number of sessions, and session length
all changed together (Section 7), we present this as the most co-
herent reading of a convergent pattern rather than as an isolated
causal effect.

We propose the term relief effect to denote a specific failure
mode of the whole-class format: once a student has discharged their
single active-participation obligation, the perceived stake in subse-
quent sessions collapses, and engagement declines correspondingly.
The post-participation motivation-loss rates reported in Section 5.3
— highest at PUBLIC 2025.1 and nearly four times the rate of its
small-group counterpart — are consistent with this pattern. The
qualitative testimony quoted in Section 5.3 highlights that the re-
spondent not only reports their own disengagement but explicitly
attributes it to a collective behavior among peers, suggesting that
the relief effect is a socially observed and collectively rationalized
phenomenon, not merely an individual one. The small-group for-
mat eliminates the structural precondition for this effect by making
every session an active participation event for every student.

The open-ended responses reveal a second failure mode arising
from the same structural root. Because participation was single-
pass while the Dojo problems followed a progressive-complexity
sequence, the moment at which a student was drawn determined
the difficulty they faced — and were assessed on. Four respon-
dents across the two 2025.1 cohorts flagged this inequity explicitly
(Section 5.7); one, drawn early, reported that the task “was not
complicated enough to offer learning.” Like the relief effect, this is
a consequence of single-pass participation rather than of the Dojo
dynamic itself, and the small-group format removes it by the same
mechanism: every student cycles through every difficulty level. A
related cost raised in both 2025.1 cohorts is class time: five to eight
whole-class sessions absorb several lecture days while each student
is active in only one of them (“there were too many dojos. . .more
lectures and worked examples were missing,” PRIVATE 2025.1), an
opportunity cost the parallel small-group format does not incur.

A secondary mechanism specific to the whole-class format is the
cognitive cost of code inheritance, once each new pilot inherits code
written under a differentmental model andmust continue it without
full shared context — a difficulty respondents described explicitly
(“picking up a colleague’s reasoning in just five minutes. . . is quite
a complicated task,” PUBLIC 2025.1), even though others valued
precisely the practice of continuing someone else’s code. In the
small-group format, code circulates among the same three to five
students, so shared context emerges organically, and the cost of
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entry is reduced. The coding also delimits the motivation-loss item.
The two PRIVATE 2025.2 respondents who reported disengagement
attributed it to falling behind on course content, not to the Dojo
format.

6.2 Public Exposure and the Valence of Pressure
The reduction in audience size from the entire class to a small peer
group also appears to have shifted the affective experience of the
Dojo. Expressed as positive-to-negative pressure ratios, the four
cohorts correspond to 0.30:1 in PUBLIC 2025.1 (strongly unfavor-
able), 1.87:1 in PRIVATE 2025.1, 3.94:1 in PUBLIC 2025.2 (strongly
favorable), and 1.33:1 in PRIVATE 2025.2. The change at PUBLIC
was particularly large: the ratio inverted from 0.30:1 to 3.94:1 be-
tween semesters. The PRIVATE cohort, by contrast, showed a small
decline between semesters (1.87:1 → 1.33:1), an observation we
return to in Section 6.4.

These results are consistent with the challenge–threat appraisal
framework derived from Lazarus and Folkman’s transactional the-
ory of stress [10]: the same observable performance task is ap-
praised as a challenge when perceived coping resources meet de-
mands, and as a threat when demands exceed them, with opposing
motivational consequences. PUBLIC 2025.1 combined maximally
exposing conditions (audience of 38, single-pass participation, no
participation-based grade floor) with the cohort whose socioeco-
nomic profile (Section 6.6) plausibly lowers the threshold at which
appraisal flips to threat. The ratio inversion fits the reading that
the small-group format lowered perceived demand enough for the
task to be reappraised as a challenge: it does not eliminate the
motivational stimulus of observable performance (endorsement
of “embarrassed by making mistakes publicly” remains substantial
in 2025.2), but it keeps more students on the productive side of
the appraisal threshold. Notably, reduced exposure was a demand
students themselves voiced in the 2025.1 open-ended feedback —
respondents at both institutions asked for group-based or parallel
formats, citing anxiety and shyness — and that feedback was an
input to the redesign.

6.3 The Dojo as a Vehicle for Design
Appreciation

Sections 5.5 and 5.6 converge on the cognitive impact of the Dojo.
Dojo was perceived as more useful for understanding the impor-
tance of good OOP design than for broader OOP learning, a pattern
statistically significant in both 2025.1 cohorts (𝑟 = .56 at PUBLIC;
𝑟 = .37 at PRIVATE). The convergence across two institutions with
distinct student populations suggests a feature of the Dojo dynamic
itself. A plausible mechanism is that its dialogic conditions (role
rotation, public reasoning about code choices, and explicit verbal-
ization of decisions) bring into focus precisely those aspects of pro-
gramming that are typically invisible in solitary practice: naming,
responsibility assignment, cohesion, coupling, and design trade-
offs. Learning new OOP content is largely an individual cognitive
achievement that lectures or solo practice can advance equally well;
learning to appreciate design quality benefits disproportionately
from the collaborative articulation of choices that the Dojo enforces,
in line with prior reports on pair- and ensemble-based practices
[4, 7, 20]. The open-ended responses trace this mechanism directly:

one PUBLIC 2025.1 respondent reported being pushed to write
cleaner code, “always thinking that whoever comes next needs
to understand my reasoning,” and a PRIVATE 2025.1 respondent
observed that the pair is effectively “obliged” to leave the code
understandable so future participants can continue it — design-
facing behaviors rather than new content acquisition. The concept-
endorsement pattern of Section 5.6 reinforces this reading: the four
concepts most associated with perceived improvement (abstraction,
inter-class relationships, encapsulation, inheritance) are the ones
most directly implicated in design decisions.

The asymmetry then attenuates in 2025.2, since neither cohort
showed a significant Design–Learning gap. Read alongside the
participation-dose argument of Section 6.1, a single Dojo experi-
ence appears sufficient to expose students to the value of good
design but insufficient for them to attribute their conceptual learn-
ing to the practice; repeated participation seems to close that gap.
Given the small PUBLIC 2025.2 sample (n = 6) and the concurrent
changes in session length and count, we claim only that the more
intensive 2025.2 format is associated with a more uniformly positive
perception of the Dojo across both utility dimensions.

6.4 Assessment Weight and the PRIVATE
Trajectory: A Plausible Co-Factor

PRIVATE 2025.1 operated under the whole-class format, the one
associated with strongly negative outcomes at PUBLIC 2025.1,
yet exhibited a favorable pressure ratio (1.87:1), lower motivation
loss (30% vs. 65%), and a smaller design-over-learning asymme-
try. One contributing difference may be the 50% weight of the
courage/participation criterion, an implicit grade floor under which
sheer engagement guaranteed half the assessment, plausibly buffer-
ing students against the appraisal threat the whole-class format
induces. The institutions differ along several other dimensions (Sec-
tion 6.6) that could account for part or all of the gap, and the present
data cannot adjudicate among them.

In PRIVATE 2025.2, the courage criterion was reduced to 10%
concurrently with the format change, and this was the only cohort
showing an inter-semester decline in the pressure ratio (1.87:1
→ 1.33:1) and an increase in fear of a low grade (40% → 45%).
One reading is that the format change reduced anxiety while the
increased performance demands partially offset that benefit, format
and assessment weight acting as co-dependent affective levers; a
simpler alternative is that PRIVATE 2025.1 already operated near
a favorable ceiling. The data do not discriminate between these
readings; we treat the co-dependence hypothesis as a direction for
future work in which format and weight are varied independently.

The redistribution preferences outlined in Section 5.7 provide
independent support for a moderate participation weight. Students
under the 50% courage weight asked to reduce it, while students
under the 10%weight asked to raise it — the two cohorts converging,
from opposite directions, on the intermediate designwe recommend
in Section 6.7.

6.5 Trade-Offs and Residual Challenges of the
Small-Group Format

While the small-group format outperformed the whole-class for-
mat on most indicators, the qualitative data highlighted a reduced
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audience incentive. In the whole-class format, any student may be
called as the next pilot or copilot at any time, sustaining attention;
in the small-group format, with rotation predictable within a closed
group, members awaiting their turn showed signs of disengage-
ment. Two respondents in PRIVATE 2025.2 noted that the third and
fourth members of their groups were often idle, and one observed
that the stronger student tended to dominate the pilot role, reduc-
ing the copilot role to relatively passive instruction-following. The
students themselves converged on the mitigation we propose in
Section 6.7: four 2025.2 respondents suggested letting the waiting
members contribute ideas or splitting tasks so that everyone works
simultaneously, and one PUBLIC 2025.2 respondent singled out the
mandatory silence outside the active roles as the hardest part of an
otherwise highly valued dynamic.

These observations also illuminate the role-perception inversion
of Section 5.4, in which PRIVATE 2025.2 was the only cohort to
identify the copilot role as more challenging. As a conjecture for
future investigation: the copilot must think through another person
— sustaining a model of the solution, translating it into calibrated
instructions, and monitoring execution — a load that can exceed
piloting itself, where a single coherent mental model is externalized
directly into code.

6.6 Institutional Differences and
Generalizability

The contrasting trajectories of the PUBLIC and PRIVATE cohorts
warrant discussion. PUBLIC improved substantially between se-
mesters across most indicators (notably motivation loss, 65%→ 17%,
and the Learning High-rating proportion, 30%→ 83%), while PRI-
VATE’s improvement was smaller and mixed. One plausible reading
is that PUBLIC 2025.1 was operating closer to a negative threshold
and had more room to gain from the format change, while PRIVATE
2025.1 was already in a more favorable affective region. Whether
this differential margin reflects the protective effect of the high
courage weight, the informal between-cohort transmission of reas-
surance among PRIVATE students, baseline institutional differences,
or some combination, cannot be settled with the present data.

Institutional context also seems to influence the feedback. PUB-
LIC students are predominantly from lower-income backgrounds,
often dependent on scholarships or part-time work, while PRI-
VATE students come mostly from more financially comfortable
families in programs that cultivate an entrepreneurial professional
identity — differences that plausibly shape baseline performance
anxiety and familiarity with presentation-oriented practices. The
present design did not collect respondent-level demographics to test
these conjectures; future replications should treat institutional type,
socioeconomic background, and program orientation as explicit
contextual variables.

6.7 Lessons Learned
What worked. Moving from the whole-class to the small-group
format raised the participation dose from two active rounds per
student to at least eight, and coincided with the sharpest improve-
ments recorded: the collapse of post-participation motivation loss
and the inversion of the pressure ratio at PUBLIC (Sections 6.1–
6.2). Holding the instructor, materials, and Dojo problems constant

across cohorts also proved a sound design choice: it is what allows
the cross-cohort contrasts to be attributed to format and institution
rather than to content.

What went wrong, and how we adjusted. At PRIVATE 2025.1,
students initially resisted the Dojo, fearing it would depress their
grades; the courage/participation criterion was set at 50% of the
Dojo score, functioning as an implicit grade floor that appears to
have buffered early anxiety (Section 6.4). As students grew com-
fortable and later cohorts could be reassured by peers, courage
was reduced to 10% and the weight redistributed to leadership and
technical correctness. The move to the small-group format itself
was informed by the 2025.1 open-ended feedback, in which respon-
dents at both institutions asked for reduced public exposure and for
group-based or parallel formats. The small-group format then sur-
faced a problem absent from the whole-class format: with rotation
predictable inside a closed group, audience members disengaged,
and stronger students sometimes dominated the pilot role (Section
6.5).

What we would do differently.Wewould keep the small-group for-
mat, since groups run in parallel and each student still accumulates
several active rounds per session; however, we would assign explicit
active roles to non-piloting members (e.g., note-taker, standards
reviewer, test-case challenger) to counter idle-audience disengage-
ment, and retain a modest participation weight in the assessment.
Guided by the open-ended feedback, we would calibrate the per-
role rotation slot and the initial problem-analysis time to problem
complexity — more time in the active roles was by far the most fre-
quent request (31 of 76 respondents) — complement the collective
post-session correction with brief individualized feedback, keep
distributing the reference solutions, and restate the assessment
criteria at the start of each session. We would also instrument ob-
jective outcomes (code-quality rubrics, concept checks) alongside
perceptions, so that the perceived design benefit reported here can
be tested against measured ability.

7 Threats to Validity
We highlight the threats most consequential for interpretation,
following the framework of Wohlin et al. [23]; given the non-
experimental, single-instructor, anonymous-survey design of this
experience report, several are inherent to the design and not miti-
gable.

Construct validity. Every dependent variable is a self-reported
perception, operationalized by a single questionnaire item, which
precludes internal-consistency estimation and conflates each con-
struct with item-specific wording. The design includes no objective
measure of learning or code quality, and the instructor’s in-session
observations were neither transcribed into a structured instrument
nor linkable to the anonymous responses. Claims about the Dojo’s
value for design appreciation should therefore be read as claims
about perceived value, partially corroborated by the convergent
concept-endorsement pattern of Section 5.6; whether the percep-
tion corresponds to measurable gains is an open question for future
work.

Internal validity. The 2025.1 vs. 2025.2 comparison confounds
the format change with three concurrent changes: number of ses-
sions (5–8 → 2), participation dose (2 → ≥ 8 active rounds), and,
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at PRIVATE, the courage weight (50% → 10%); instructor matu-
ration between semesters is a further uncontrolled factor. The
participation-dose interpretation of Section 6 is therefore the most
plausible reading of a convergent pattern, not a causal claim. Anon-
ymity also precludes linking perceptions to actual Dojo grades,
so we cannot determine whether motivation loss is concentrated
among lower-performing students.

Conclusion validity. Cohorts are small (n = 20, 30, 6, 20; PUB-
LIC 2025.2 especially), the analyses were exploratory and not pre-
registered, and no family-wise correction was applied; the design-
over-learning conclusion rests on the convergent direction of the
paired differences and on the concept-endorsement alignment rather
than on the p-values alone. Response rates of 53% to 67% imply
possible non-response bias of indeterminable direction, so abso-
lute rates describe respondents rather than full cohorts; the central
comparisons, however, are within-respondent and relative across
cohorts under a constant instrument, and thus less sensitive to a
uniform self-selection effect.

External validity. The study covers two Brazilian institutions
and a single instructor, leaving open whether the relief effect is a
structural property of the whole-class format or partly an artefact
of facilitation style. The problems were Java OOP problems in
which design judgment was itself a learning objective, so the design-
over-learning finding is not directly supported for settings where
syntactic mastery is the primary goal; the affective response to
public performance is also culturally inflected, as the within-Brazil
PUBLIC/PRIVATE contrast itself suggests.

8 Conclusion
This experience report compared two Dojo configurations, a whole-
class format with single-pass participation (2025.1) and a small-
group format with multi-pass participation (2025.2), across four
cohorts at two Brazilian institutions under a single instructor and
harmonized materials. The clearest result concerns participation
dose. It was dose, not audience size, that best tracked affective
outcomes: single-pass participation produced a relief effect (once
the participation obligation was discharged, engagement collapsed),
which the small-group format eliminated by making every session
active for every student. The shift coincided with sharp reductions
in motivation loss and a reversal of the pressure ratio at PUBLIC.

The Dojo also turned out to function, in both 2025.1 cohorts,
primarily as a vehicle for design appreciation, not first-exposure
content acquisition. We read this as a property of its dialogic con-
ditions (role rotation, public reasoning about code choices, and
verbalization of design trade-offs), which make visible the dimen-
sions of programming that solitary practice leaves implicit.

The PRIVATE trajectory, finally, suggests that format and as-
sessment weight may act as co-dependent affective levers: a high
weight on participation in the grade can substitute for some of the
exposure-reducing benefits of a small-group format. The present
data cannot establish this co-dependence. Practitioners redesign-
ing format and assessment together should nonetheless monitor
affective outcomes, since the two adjustments may not combine
additively.

We therefore recommend the small-group format with at least
two rotations per role per session whenever cohort size precludes

multiple whole-class rounds per student; because groups run in
parallel, this format scales to large classes while preserving a high
participation dose. To mitigate the residual challenges of Section
6.5, the assessment should retain some weight on participation,
and non-piloting group members should be assigned explicit active
roles. Adopters should position each Dojo as a consolidation activ-
ity after the corresponding topic has been introduced and practiced,
size groups at three to five students, calibrate the per-role rota-
tion time to problem complexity, complement the closing collective
correction with individualized feedback and shared reference solu-
tions. The central limitation to address in future work is the reliance
on perceptions: subsequent studies should pair the questionnaire
with objective indicators (code-quality rubrics, concept checks, or
graded artifacts) and vary participation dose independently of audi-
ence size, session count, and assessment weight, replicating across
institutional contexts.

Artifact Availability
The replication package is publicly available at https://doi.org/10.
6084/m9.figshare.33021725.v4 and includes the questionnaire, the
76 anonymized responses, a description of each question, and the
qualitative coding scheme with the coded open-ended responses
(Section 4).
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