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Abstract. Competency-Based Education requires competence specifications ca-
pable of relating knowledge, skills, dispositions, and expected performance
across diverse educational contexts. However, deriving coherent and reusable
competence formulations from educational tasks remains a challenging activity
in Computing Education. This paper presents the Competency Specification
Process (CSP), an iterative approach for eliciting, reviewing, refining, and reu-
sing competence specifications derived from educational tasks. The evaluation
involved successive applications in Problem-Based Learning scenarios from
Theory of Computation and complementary introductory Computing Education
contexts, including integrated technical high-school education. The results reve-
aled recurrent challenges involving knowledge granularity, competence overlap,
action-verb selection, and Bloom-aligned cognitive expectations. Across suc-
cessive cycles, CSP supported clearer competence boundaries, improved spe-
cification consistency, and increased reuse across related tasks. These findings
suggest that competence specification benefits from iterative review and refine-
ment activities and can be supported through a structured process that promotes
stability, reuse, and curricular coherence across instructional contexts.

1. Introduction

Competency-Based Education (CBE) has gained increasing relevance in Computing Edu-
cation due to the growing demand for curricula capable of connecting conceptual un-
derstanding, problem solving, and professional practice in authentic learning contexts
[Clear et al. 2020b, [Force 2020]]. Within this perspective, competences are expected to
express not only what learners know, but also what they can perform in context-dependent
educational situations [Paquette et al. 2021} Rezgui and Mhir1 Sellami 2020]].

Curricular initiatives such as Computing Curricula 2020 (CC2020) reinforce this
movement by emphasizing the integration of knowledge, skills, and dispositions in Com-
puting curricula [Force 2020]. The revised Bloom’s Taxonomy proposed by Anderson
and Krathwohl [Anderson et al. 2001 is also widely used to characterize expected cog-
nitive performance and support instructional planning and assessment. Together, these
perspectives increase the need for competence specifications capable of making expected
learner performance explicit and interpretable across educational contexts.

Despite these advances, operationalizing competence-oriented curricula remains
challenging in practice. Computing curricula have traditionally been organized around
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bodies of knowledge and content coverage, whereas competence-oriented approaches re-
quire the integration of knowledge, skills, dispositions, contextualized tasks, and observa-
ble evidence into coherent instructional situations [[Clear et al. 2020a, Frezza et al. 2018]].

Competence development is often supported by specification practices that re-
main largely informal and dependent on natural-language descriptions, instructor jud-
gement, and local curricular conventions. Consequently, ambiguities frequently emerge
regarding terminology, knowledge granularity, cognitive expectations, and assessment in-
terpretation [Calhau et al. 2021, Paquette et al. 2021, [Clear et al. 2020a]. Although ini-
tiatives such as CC2020 and CoLeaF provide more structured conceptual foundations,
translating educational tasks into consistent competence descriptions remains difficult,
particularly in task-centered environments, including project-based and problem-based
learning scenarios, where expected performance must remain aligned with learner acti-
ons, assessment criteria, and available evidence [Giaffredo et al. 2017]]. Studies in Com-
puting Education have reported recurring challenges involving overlapping descriptions,
unstable knowledge granularity, inconsistent action-verb selection, and divergent inter-
pretations of Bloom-aligned cognitive expectations. Such issues can hinder curriculum
organization, competence reuse, instructional alignment, and the consistent interpretation
of learner performance across educational contexts.

Previous research has proposed competency ontologies, metadata models, com-
petence frameworks, and structured approaches for representing competence-related
information [Miranda et al. 2016, |Paquette et al. 2021}, [Rezgui and Mhir1 Sellami 2020]].
However, these efforts have focused primarily on representational concerns, offering com-
paratively limited guidance on how these activities can be conducted and consolidated
across successive task-centered instructional cycles.

Because competences are inherently contextual and task-oriented, their specifica-
tion requires more than selecting content elements or action verbs. It requires explicit
procedures capable of relating learner actions, knowledge requirements, contextual cons-
traints, and expected evidence into coherent and reusable specifications.

To address this need, this work proposes the Competency Specification Process
(CSP), an iterative approach for deriving competence specifications from educational
tasks and progressively improving them through review, refinement, and reuse activi-
ties. Grounded in competence-oriented curricular principles from CC2020 [Force 2020]],
CSP integrates task analysis, Bloom-aligned cognitive interpretation, collaborative re-
view, controlled vocabularies, and cross-task refinement to support the systematic deve-
lopment, consolidation, and reuse of competence specifications across successive instruc-
tional cycles. Within the collaborative review process, controlled vocabularies were used
to promote terminological consistency across competence specifications, reducing vari-
ations in competence descriptions and supporting coherent refinement and reuse across
successive instructional cycles.

In contrast to representational approaches, CSP focuses on the activities through
which competence specifications are derived, reviewed, and consolidated over time.
Rather than addressing how competence-related information should be represented, clas-
sified, or organized, it emphasizes how competence specifications are constructed from
authentic educational tasks and progressively refined through collaborative analysis and
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review. Accordingly, competence specification is treated as an iterative process aimed at
improving clarity, consistency, reuse potential, and curricular coherence across instructi-
onal contexts.

CSP was evaluated through successive applications in Problem-Based Learning
(PBL) scenarios from Theory of Computation and complementary introductory Compu-
ting Education contexts, including cross-level applications in integrated technical high-
school education. These successive applications allowed the examination of how com-
petence specifications evolve through review, reuse, and consolidation across different
instructional settings.

This study adopts a qualitative longitudinal research design based on successive
applications of the CSP across multiple instructional contexts in Computing Education.
Rather than comparing independent cases, the study investigates how competence specifi-
cations evolve through repeated applications of the same process over time. The analysis
focuses on specification activities grounded in authentic educational tasks and collabora-
tive review practices.

The research investigates the following questions:

RQ1: How can competences be systematically elicited and structured from educational
tasks in Computing Education?

RQ2: How do iterative review and refinement activities contribute to the consistency,
clarity, and reuse of competence specifications?

This paper contributes and evaluates an iterative process for competence elicita-
tion, review, refinement, and reuse in task-centered Computing Education contexts. The
following sections present the CSP, describe the evaluation design, report the results, dis-
cuss their implications, and outline limitations and future research directions.

2. Related Work

Competence-oriented approaches have become increasingly relevant in Computing Edu-
cation as curricular discussions move beyond content coverage and isolated learning
outcomes. Recent curricular initiatives, particularly CC2020 and the Competency
Learning Framework (CoLeaF), conceptualize competence as the integration of kno-
wledge, skills, dispositions, and contextual task demands, emphasizing performance
in authentic educational and professional situations [Clear et al. 2020a, [Force 2020,
Clear et al. 2020b, [Frezza et al. 2018]. These frameworks provide conceptual foundati-
ons for competence-based curriculum design by defining competence structures, consti-
tuent elements, and relationships between learning expectations and professional practice.

These frameworks distinguish natural-language competence statements from
more structured formulations involving Knowledge—Skill relations, contextual descrip-
tors, and Bloom-aligned cognitive expectations. Such structures contribute to greater
consistency in competence specification by making expected performance and constituent
elements more explicit. Nevertheless, studies associated with CC2020 and CoLeaF report
persistent challenges related to knowledge granularity, contextual variation, disciplinary
interpretation, and the need for collaborative refinement during competence formulation
activities [Frezza et al. 2018, (Clear et al. 2020a]. These observations suggest that compe-
tence specification involves not only defining competence structures, but also managing
interpretation and consistency across different educational contexts.
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Despite advances in competence-oriented Computing Education, establishing
consistent competence specifications remains challenging because competence itself
is interpreted differently across educational, professional, and disciplinary contexts
[Westera 2001, |[Pikkarainen 2014, IMulder 2012 [Stoof et al. 2002]]. These variations af-
fect how competence boundaries, constituent elements, and expected performance are
defined and communicated, particularly when specifications must remain meaningful to
multiple stakeholders [Frezza et al. 2018]]. To reduce such ambiguities, several studies
have proposed competency models, ontologies, metadata structures, controlled vocabu-
laries, and other mechanisms for organizing and formalizing competence-related infor-
mation [Miranda et al. 2016, [Dodero et al. 2007, Rezgui and Mhiri Sellami 2020]]. To-
gether, these approaches contribute to greater consistency, interoperability, and curricular
alignment by providing shared representations of competence concepts and their relati-
onships.

This challenge becomes particularly evident in task-centered instructional appro-
aches. Project-Based Learning and Problem-Based Learning can support competence-
oriented education because they engage learners in authentic tasks, artifact production,
situated performance, and increasing levels of autonomy [Giaffredo et al. 2017]. Howe-
ver, the relationship between tasks and competence development is not automatic. Target
competences must be explicitly identified, assessment criteria must remain aligned with
expected performance, and evidence of learning must be interpreted consistently across
instructional contexts. Without such alignment, task-centered activities may emphasize
task completion rather than competence development.

Taken together, existing research in Computing Education provides substantial
support for competence modelling, curricular alignment, representational structures, and
task-centered instructional design. However, comparatively less attention has been dedi-
cated to the processes through which competence specifications are systematically deri-
ved, consolidated, and reused across successive educational tasks and instructional con-
texts. This gap motivates the present study, which investigates competence specification
as an iterative activity aimed at promoting consistency, reuse, and curricular coherence
through task analysis, collaborative review, and progressive refinement.

3. Method

This study adopts a qualitative longitudinal research design based on successive applica-
tions of the CSP across multiple instructional contexts in Computing Education. Rather
than comparing independent cases, it investigates how competence specifications evolve
through repeated applications of the same process over time. The longitudinal design sup-
ports the observation of recurring specification patterns across different educational tasks
and educational levels, enabling the analysis of competence elicitation, refinement, con-
solidation, and reuse from authentic instructional activities. The study does not evaluate
instructional effectiveness or student learning outcomes; instead, it focuses on the process
through which competence specifications are constructed, collaboratively reviewed, and
progressively refined.

The empirical investigation comprised three successive CSP application cycles
representing progressive stages in the maturation of the process. These cycles involved
Theory of Computation and introductory Computing Education scenarios, including five
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initial PBL tasks (TaskO1-Task05), four validation scenarios (Task201-Task204), six ad-
vanced PBL tasks (Task25.00-Task25.05), and ten integrated technical high-school Com-
puting Education tasks aligned with the Brazilian National Common Curricular Base
(BNCC) Computing Complement. Across these successive application cycles, compe-
tence specifications, review records, refinement decisions, and longitudinal observations
supported the identification of recurring specification challenges, refinement patterns, and
review outcomes.

The CSP applications involved collaborators with expertise in Computing Edu-
cation, competency-based education, PBL, Theory of Computation, Educational Infor-
matics, and integrated technical high-school education. The university-level applica-
tions involved seven collaborators acting as competence modelers, reviewers, and do-
main specialists, whereas the high-school applications involved five reviewers, with ad-
ditional instructors contributing authentic educational tasks. Review activities followed
a structured expert-review procedure based on predefined analytical criteria, including
competence granularity, conceptual overlap, instructional coherence, Bloom-aligned cog-
nitive expectations, terminology consistency, contextual dependence, and reuse poten-
tial. Bloom alignment followed the revised taxonomy of Anderson and Krathwohl
[Anderson et al. 2001]], considering the intended cognitive process within the instructi-
onal context rather than relying exclusively on action verbs. Divergent interpretations
were resolved through collaborative discussion leading to documented consensus rather
than voting or independent agreement measures.

The resulting analyses informed decisions concerning reformulation, decompo-
sition, specialization, consolidation, reuse, and exclusion of competence specifications.
All review outcomes were documented in CSP reports and revisited across the applica-
tion cycles, providing traceability for the refinement process. Collaborators participated
exclusively in the construction and review of competence specifications; they were not in-
vestigated as research participants, their performance was not evaluated, and no personal
data were collected.
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Figure 1. Iterative structure of the Competency Specification Process (CSP), il-
lustrating task analysis, collaborative review, refinement, and cross-cycle
consolidation across successive instructional cycles.
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Figure [I]illustrates the iterative structure of the CSP, while Table[I| summarizes the speci-
fication activities applied across the investigated cycles.

Table 1. Operational procedure used to apply the CSP across the study

CSP Stage Input Main Action Decision Criteria Output
Task Analysis ~ Educational Identify knowledge require- Sufficient information to infer Structured task
task ments, learner actions, contex- expected learner capabilities analysis

Initial Specifi-
cation

Task analysis

Collaborative  Initial specifi-

Review cation
Refinement Review recom-
and Consoli- mendations
dation

Cross-Cycle Refined speci-
Comparison fications

tual constraints, and expected
evidence

Formulate preliminary compe-
tence specifications linking kno-
wledge, skills, dispositions, con-
text, and evidence

Assess  clarity,  granularity,
Bloom alignment, overlap, and
contextual dependence

Revise, decompose, specialize,
consolidate, reuse, or exclude
specifications

Compare specifications across
tasks and cycles to identify over-
lap, specialization, and reuse op-

Represents a coherent learner ca-
pability

Coherent, non-redundant, and

aligned with task demands

Clearer boundaries, reduced am-
biguity, and improved reuse po-
tential

Equivalent specifications con-
solidated; contextual variations
specialized when needed

Initial specifica-
tion

Review recom-
mendations

Refined specifi-
cation

Consolidated
competence
collection

portunities

The data analyzed comprised instructional tasks, competence specifications, re-
view records, refinement decisions, cross-cycle comparison tables, and alignment arti-
facts produced throughout the CSP application cycles. These materials were interpreted
to identify recurring specification challenges, refinement patterns, and review outcomes.

To support methodological transparency, traceability, and replicability, the supple-
mentary materials have been made publicly available in a GitHub repository containing
representative educational tasks, CSP reports, review reports, adjustment records, and
supporting artifacts documenting the successive refinement of competence specifications
throughout the study. The CSP repository is available at: https://github.com/
eduknowgpt /OCSP.

Methodological trustworthiness was supported through data-source triangulation
involving instructional tasks, competence specifications, review records, refinement deci-
sions, and cross-cycle comparison artifacts. The longitudinal application of CSP enabled
the identification of recurring refinement patterns, while documented review decisions
provided traceability for the resulting outcomes.

The study is limited to competence specification and refinement activities in Com-
puting Education and should not be interpreted as evidence of learning effectiveness or
pedagogical superiority. Instead, it evaluates CSP as a structured process for competence
elicitation, refinement, and reuse across diverse instructional scenarios.

4. Evaluation and Results

The evaluation investigated how CSP supported the systematic derivation, refinement,
and reuse of competence specifications across successive Computing Education scena-
rios. Rather than assessing instructional effectiveness or learner performance, the study
focused on the specification process itself, examining how iterative applications contribu-
ted to the stabilization, consolidation, and reuse of competence structures over time.

To investigate this process, CSP was applied across multiple PBL scenarios in
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Theory of Computation and complementary introductory Computing Education tasks. Fi-
gure[2 summarizes these longitudinal applications and illustrates the progression from ini-
tial competence elicitation toward increasing levels of reuse, consolidation, and selective
introduction of new competence specifications.

Evolution of CSP Application Cycles
From initial elicitation to reuse validation and consolidation
across increasingly complex instructional scenarios
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Cycle 3
Refinement and Consolidation
(Task25.xx)
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Figure 2. Longitudinal evolution of CSP application cycles.

Tables [2] and [3] summarize the evolution of the CSP across the investigated cy-
cles. The former presents the primary objectives, representative activities, and observed
outcomes of each cycle, whereas the latter provides complementary quantitative evidence
derived from the resulting competence specification artifacts.

Table 2. Evolution of CSP objectives and outcomes across application cycles

Cycle Primary Goal Representative Activities =~ Main Outcome
Task01-05 Initial competence eli- Competence elicitation, Establishment of stable and
citation and structuring  boundary definition, mer- reusable competence specifi-
ging, removal, initial reuse, cations
and specialization
Task201- Competence consolida- Competence reuse, activa- Consolidation of reuse practi-
204 tion and reuse tion refinement, controlled ces and activation structures
specialization, and role cla-
rification
Task25.xx Selective competence Cross-level validation, se- Introduction of new specifica-

mantic gap analysis, task
reengineering, and selective
competence creation

extension

tions driven by explicit ins-
tructional and representatio-
nal needs while preserving

reuse

The reported indicators distinguish between competences that participated in task
specifications and those first introduced during a given cycle. This distinction highlights
the increasing role of reuse across successive applications, as later cycles relied more
heavily on previously consolidated competence specifications than on the creation of new
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ones. Reuse events represent explicit instances in which specifications established in
earlier tasks were subsequently adopted in new instructional contexts.

Table 3. Quantitative summary of CSP application cycles

Cycle Tasks Competences Used Introduced Reuse Events
Task01-05 5 16 16 5
Task201-204 4 15 2 5
Task25.xx (Theory of Computation) 5 18 6 10

Note. Competences Used denotes the number of distinct competences that participated in the task
specifications of a given cycle. Introduced denotes competence definitions first created during that
cycle. Reuse Events denote explicit instances in which competences defined or consolidated in
previous tasks were reused in subsequent specifications. These categories are not additive because
a competence may participate in multiple tasks and may be reused multiple times. The High School
Computing cycle is analyzed separately because cross-task consolidation and reuse analysis are still
in progress.

The quantitative results reinforce the longitudinal patterns observed across the
CSP applications. The first cycle produced 16 competence definitions and established
an initial set of reusable specifications. The second cycle introduced only two additional
competences while maintaining five reuse events, indicating increased reliance on previ-
ously consolidated specifications. The third cycle exhibited the highest level of reuse (10
events) while introducing six new competences, suggesting that new specifications were
created selectively when existing ones did not adequately represent emerging instructio-
nal requirements. Across the university-level cycles, the number of competences parti-
cipating in task specifications remained relatively stable (16, 15, and 18), whereas reuse
increased substantially, indicating progressive consolidation of the competence base over
time.

Together, these patterns provide initial evidence that competences can be syste-
matically derived from educational tasks and progressively improved through review and
reuse activities. The following subsections examine the three university-level cycles in
greater detail, illustrating how competence specifications were elicited, refined, reused,
and consolidated through successive CSP applications.

4.1. Cycle 1: Initial Competence Elicitation and Structuring

The first CSP cycle (TaskO1-Task05) focused on deriving an initial set of competence
specifications from PBL scenarios in Theory of Computation. At this stage, the primary
challenge was to identify reusable learner capabilities while distinguishing them from
task-specific requirements and contextual details.

The specification and review reports revealed recurrent issues related to overlap,
knowledge granularity, terminological inconsistency, and divergent interpretations of ex-
pected cognitive performance. To address these issues, review activities focused on cla-
rifying specification boundaries, refining knowledge requirements, reducing contextual
dependencies, and improving the consistency of Bloom-aligned cognitive expectations.
These refinements supported the identification of reusable specifications across tasks and
led to mergers, removals, reuse relationships, and specialization decisions, including the
consolidation of overlapping regular-expression competences in TaskO1 and the speciali-
zation of Turing Machine-related competences in Task05.
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By the end of the cycle, 16 competence definitions, five reuse events, and four
specialization decisions had been established (Table [3). These findings indicate that the
principal contribution of the first cycle was the establishment of stable specification boun-
daries and reusable competence formulations, providing the foundation for subsequent
CSP applications and directly addressing RQ1 regarding the systematic derivation and
structuring of competences from educational tasks.

A representative refinement occurred in TaskO1, where the original competence
Develop Problem Solutions Using Automata was replaced by Develop Problem-Solving
Solutions Using Finite State Machines. The change improved semantic precision and
instructional alignment, illustrating how CSP promotes refinement through competence
reuse rather than through new competence creation.

4.2. Cycle 2: Competence Consolidation and Reuse

The second cycle (Task201-Task204) shifted the emphasis from initial competence crea-
tion toward the consolidation and reuse of previously established specifications. Most task
specifications reused competences derived during the first cycle, while review activities
focused on refining activation conditions, clarifying competence roles, and introducing
controlled specializations when existing formulations became too broad for new instruc-
tional contexts. Representative outcomes included the specialization of C13, refinement
of activation boundaries for Turing Machine-related competences, and the introduction of
activation roles such as core, supporting, extension, and transversal competences.

The cycle introduced only two new competence definitions while recording five
reuse events and one specialization decision (Table[3). These results indicate that iterative
review activities increasingly supported the adaptation and reuse of existing specifications
rather than the creation of new ones. The principal contribution of the cycle was there-
fore the consolidation of reuse practices and activation structures across tasks, providing
evidence for RQ2 by illustrating how review and refinement activities can improve the
consistency and reuse potential of competence specifications.

A representative example involved the specialization of C13, whose scope was
refined to distinguish general grammar interpretation from task-specific applications. The
refinement preserved the existing specification while clarifying its role and relationships
to other competences, illustrating how CSP supports incremental refinement and reuse
without unnecessary competence proliferation.

4.3. Cycle 3: Selective Competence Extension

The third cycle (Task25.00-05) evaluated CSP under more complex instructional condi-
tions involving task reengineering, cross-level review, semantic coverage analysis, and
increasing conceptual dependencies across Theory of Computation topics. Unlike the
previous cycle, the objective was not only to reuse existing specifications but also to as-
sess whether they provided adequate coverage for emerging instructional demands. While
several tasks were specified entirely through competence reuse, others revealed semantic
gaps that motivated the introduction of additional competences when existing specificati-
ons could not adequately represent the required learner capabilities.

The cycle involved 18 competences and generated 10 reuse events, representing
the highest level of reuse observed among the university-level applications. At the same
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time, six new competences were introduced to address instructional requirements that
could not be satisfactorily represented by previously established specifications. These
findings indicate that CSP supported not only the consolidation and reuse of existing
competences, but also the selective extension of the competence base when explicit re-
presentational needs emerged. Together, these results provide additional evidence for
RQ2 by demonstrating how iterative review and refinement activities can support both
specification reuse and the controlled introduction of new competences.

A representative example emerged in the Musical Collections task, where exis-
ting specifications captured the required capabilities individually but not their combined
application. This gap motivated the introduction of a new competence specification that
integrated previously separate capabilities while preserving reuse of existing elements, il-
lustrating how CSP supports selective competence extension when existing specifications
no longer provide sufficient semantic coverage.

4.4. Cross-Level Application and Curricular Alignment

A complementary evaluation applied CSP to introductory Computing Education tasks si-
tuated in integrated technical high-school contexts and aligned with the BNCC Computing
Complement. Unlike the university-level scenarios, which focused primarily on Theory
of Computation, these tasks covered a broader range of topics, including programming,
symbolic reasoning, data processing, computer architecture, and computational decision-
making. This cycle examined whether CSP could be applied consistently across different
educational levels and curricular domains.

The 10 analyzed tasks produced 50 competence specifications and established
alignments with 30 distinct BNCC Computing references. Despite the diversity of topics
and instructional goals, the resulting specifications exhibited a consistent structure com-
bining core and supporting competences, explicit knowledge requirements, dispositions,
Bloom-aligned cognitive expectations, and curricular alignments. The application requi-
red no substantive modifications to the core CSP activities or decision criteria, suggesting
methodological consistency across educational levels and curricular domains.

5. Discussion and Threats to Validity

The evaluation suggests that competence specification in Computing Education is not
merely a curriculum documentation activity, but a process of progressive interpretation
and refinement. Across the analyzed scenarios, competence formulation required rela-
ting instructional goals, learner actions, contextual constraints, and anticipated evidence
of performance into coherent specifications. These observations are consistent with prior
discussions in the competence literature, which emphasize the contextual and interpretive
nature of competence and argue that competence descriptions cannot be reduced to isola-
ted knowledge elements, action verbs, or learning outcomes alone. Instead, their meaning
depends on how expected performance is situated within specific instructional contexts.

A central observation concerns the role of refinement during competence specifi-
cation. Initial formulations frequently combined reusable learner capabilities with task-
specific characteristics, making specification boundaries difficult to identify and limiting
reuse across instructional scenarios. Iterative review activities therefore played an im-
portant role in distinguishing enduring capabilities from contextual requirements and in
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clarifying the scope of individual specifications. The observed refinements suggest that
systematic review procedures contribute to greater boundary stability, reduced represen-
tational ambiguity, and increased reuse potential across related instructional contexts.

The results also reinforce the importance of contextual interpretation during
Bloom-aligned competence formulation. Several CSP applications indicated that action
verbs alone were insufficient to determine the expected cognitive level of performance.
Tasks that initially appeared to involve procedural execution often required comparison,
justification, abstraction, or evaluation when considered in relation to their instructional
goals and expected evidence. Consequently, Bloom alignment emerged not as a simple
verb-classification exercise, but as an interpretive activity grounded in task demands, con-
textual constraints, and anticipated performance. This observation is particularly relevant
for competence-oriented curriculum design, where cognitive expectations must remain
consistent across learning, instruction, and assessment activities.

Another implication concerns competence reuse. The analyzed application cycles
suggest that reuse rarely occurs through direct replication of competence formulations.
Instead, it becomes feasible when specification boundaries are sufficiently stable to al-
low the same underlying capability to be activated across different instructional contexts.
From this perspective, reuse appears to depend less on the number of available specifica-
tions than on their maturity and conceptual stability. The observed transition from com-
petence creation to competence reuse across the CSP cycles reinforces this interpretation.
As specification boundaries became progressively clearer through review, specialization,
and consolidation activities, new tasks could increasingly be represented through adapta-
tion and reuse rather than through the creation of additional specifications.

The cross-level applications provide complementary evidence for this interpreta-
tion. Similar specification challenges emerged across university and high-school contexts
despite substantial differences in curricular scope and domain coverage. At the same
time, the core CSP activities remained applicable without major structural modifications,
suggesting that the underlying difficulties of competence specification are associated less
with particular Computing topics than with the interpretive and context-dependent nature
of competence-oriented educational design.

This study presents several limitations. The evaluation focused on competence
specification and refinement activities rather than on student learning outcomes, instruc-
tional effectiveness, or assessment performance. Consequently, the findings should not
be interpreted as evidence that CSP improves learning outcomes or pedagogical effecti-
veness.

The investigated scenarios were primarily derived from Theory of Computation
tasks, which provided opportunities to observe competence refinement and reuse across
successive cycles. Although the complementary high-school applications introduced va-
riation in educational level and curricular scope, additional studies involving other Com-
puting sub-disciplines, instructional approaches, and institutional contexts are necessary
before broader generalizations can be established.

Another limitation concerns the interpretive nature of competence specification.
Despite the use of iterative review activities and collaborative refinement, alternative re-
viewers might reasonably arrive at different specification or refinement decisions when
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analyzing the same instructional task. While the review process supported convergence
and reduced inconsistencies, some degree of interpretive subjectivity remains inherent to
competence-oriented educational modelling.

The study also emphasized methodological refinement and instructional cohe-
rence rather than automation, scalability, or large-scale curricular deployment. Likewise,
the objective was not to establish correctness through independent ratings, but to examine
how competence specifications evolved through successive cycles of analysis, review, and
refinement.

Consistent with the qualitative longitudinal research design adopted in this study,
the goal was to identify recurring specification patterns and refinement mechanisms across
successive CSP application cycles through analytical replication rather than to achieve sta-
tistical generalization to a broader population of educational contexts. Future work should
therefore investigate the application of CSP in additional Computing Education domains,
larger curricular ecosystems, longitudinal educational settings, and integration scenarios
involving competence management, curriculum planning, and learning analytics environ-
ments.

Taken together, the findings suggest that competences can be systematically de-
rived from educational tasks through iterative analysis and review (RQ1), while succes-
sive refinement activities contribute to clearer competence boundaries and increased reuse
across instructional contexts (RQ2). The recurrence of similar refinement patterns across
multiple cycles and educational settings strengthens the plausibility of these observations.

Despite these limitations, the study suggests that competence specification bene-
fits from being treated as an iterative activity of analysis, review, refinement, and consoli-
dation rather than as a one-time curriculum description task. CSP contributes a structured
process that supports competence stabilization, specification reuse, and curricular cohe-
rence while accommodating the evolving demands of different instructional contexts.

6. Conclusion

This work presented the Competency Specification Process (CSP), an iterative process for
eliciting, reviewing, refining, and reusing competence specifications derived from educa-
tional tasks in Computing Education. Across successive application cycles, CSP showed
that competences can be systematically derived from educational tasks while supporting
clearer specification boundaries, progressive consolidation, and increased reuse. These
findings suggest that competence specification benefits from being treated as a continu-
ous process of analysis, review, refinement, and consolidation rather than as a one-time
curriculum description activity.

By integrating task analysis, Bloom-aligned cognitive interpretation, collaborative
review, controlled vocabularies, and cross-task refinement, CSP provides methodological
support for competence specification in task-centered Computing Education. Although
evaluated in Theory of Computation and introductory Computing Education contexts,
the findings provide initial evidence of applicability across different educational levels.
Future work will investigate additional Computing Education domains, larger curricular
ecosystems, and integration with competence management, curriculum planning, learning
analytics, and Learning Management Systems (LMS).
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Declaration on the Use of Artificial Intelligence

Grammarly and ChatGPT were used solely as writing-support tools to assist with English
language revision and improve textual clarity. These tools were not used to generate rese-
arch questions, collect or analyze data, develop the proposed process, interpret findings,
or formulate conclusions. All scientific contributions, methodological decisions, results,
and interpretations presented in this paper are the sole responsibility of the authors.
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