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ABSTRACT

This classroom action research investigated changes in student learning outcomes during inquiry-based
instruction in a vocational aquaculture class. The study involved 14 Grade X students (eight male and six
female) at SMK Negeri 1 Paguyaman Pantai, Indonesia, in the second semester of 2017/2018. Two action-
research cycles combined inquiry-oriented lessons, observation, reflection, and achievement testing on fish
circulatory-system content. The reported mean post-test score increased from 57.54 in Cycle I to 69.38 in
Cycle II (11.84 points based on the displayed means). The original frequency table records mastery by six
of 14 students (42.86%) in Cycle I and 13 of 14 (92.86%) in Cycle II, an increase of 50.00 percentage
points. Reported inquiry implementation increased from 73.27% to 90.07%. These descriptive within-class
improvements suggest that a more structured inquiry sequence was associated with better learning
outcomes. However, inconsistencies in the original narrative mastery percentage, lack of a comparison
group, and limited assessment information constrain causal interpretation. The findings support guided
inquiry as a practical classroom improvement strategy requiring further validation.

Keywords: inquiry-based learning; classroom action research; vocational education; aquaculture; learning
outcomes

INTRODUCTION

Vocational science instruction is expected to develop disciplinary understanding alongside practical
observation, interpretation, and communication. In aquaculture education, students need to connect the
anatomy and physiology of fish with observable biological phenomena. Inquiry-based learning is a
plausible response to lessons dominated by explanation and memorization, but it requires deliberate
instructional guidance (Agarwal et al., 2021); (Akram et al., 2022).

Inquiry instruction can make students active participants in formulating questions, testing
explanations, and drawing conclusions from evidence. Yet research does not consistently demonstrate an
automatic achievement advantage for inquiry frequency alone; teacher scaffolding, disciplinary knowledge,
and assessment alignment remain central (Alpizar et al., 2020); (Antonietti et al., 2022); (Backfisch et al.,

2020).
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At SMK Negeri 1 Paguyaman Pantai, the original classroom observation identified difficulties
connecting vocational concepts to real-world situations and insufficiently active practical work. The study
therefore applied an inquiry strategy to fish circulatory-system learning in Grade X ARL. Its two objectives
were to document changes in student mastery and describe the implementation of inquiry across two cycles
(Berie, 2022); (Bond et al., 2020).

This paper makes a context-specific contribution by examining inquiry as iterative classroom
improvement in a small coastal vocational school rather than as a controlled treatment. It separates the
original observed results from broader theoretical interpretation and explicitly reports numerical

inconsistencies in the source manuscript (Brod, 2021); (Carpenter et al., 2022).

LITERATURE REVIEW
Inquiry-based learning and scaffolding

Inquiry-based science education involves problem identification, hypothesis formation, data
gathering, interpretation, and evidence-based explanation. Structured prompts and teacher feedback can
prevent novice learners from treating exploration as an unguided activity. The instructional challenge is to
balance learner agency with adequate conceptual support (Castro-Alonso et al., 2021); (Ceylan et al., 2022).

Inquiry-based science education involves problem identification, hypothesis formation, data
gathering, interpretation, and evidence-based explanation. Structured prompts and teacher feedback can
prevent novice learners from treating exploration as an unguided activity. The instructional challenge is to
balance learner agency with adequate conceptual support (Choirunnisa’ et al., 2023); (Cromley et al., 2020).

Inquiry-based science education involves problem identification, hypothesis formation, data
gathering, interpretation, and evidence-based explanation. Structured prompts and teacher feedback can
prevent novice learners from treating exploration as an unguided activity. The instructional challenge is to
balance learner agency with adequate conceptual support (Darling-Hammond et al., 2020); (Falloon, 2020).

Inquiry-based science education involves problem identification, hypothesis formation, data
gathering, interpretation, and evidence-based explanation. Structured prompts and teacher feedback can
prevent novice learners from treating exploration as an unguided activity. The instructional challenge is to
balance learner agency with adequate conceptual support (Fernandez-Batanero et al., 2022); (Fiorella,
2023).

Inquiry-based science education involves problem identification, hypothesis formation, data
gathering, interpretation, and evidence-based explanation. Structured prompts and teacher feedback can
prevent novice learners from treating exploration as an unguided activity. The instructional challenge is to

balance learner agency with adequate conceptual support (Freeman et al., 2014); (Gallay et al., 2020).
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Science process skills and vocational relevance

Science process skills encompass observing, classifying, interpreting evidence, discussing
alternatives, and communicating defensible conclusions. In vocational contexts, these practices become
more meaningful when learning tasks are connected to authentic biological and production problems,
although transfer to workplace performance must be measured separately (Gillies, 2016); (Harleni et al.,
2025).

Science process skills encompass observing, classifying, interpreting evidence, discussing
alternatives, and communicating defensible conclusions. In vocational contexts, these practices become
more meaningful when learning tasks are connected to authentic biological and production problems,
although transfer to workplace performance must be measured separately (Hillmayr et al., 2020); (Howard
et al., 2021).

Science process skills encompass observing, classifying, interpreting evidence, discussing
alternatives, and communicating defensible conclusions. In vocational contexts, these practices become
more meaningful when learning tasks are connected to authentic biological and production problems,
although transfer to workplace performance must be measured separately (Jamet et al., 2022); (Jerrim et
al., 2019).

Science process skills encompass observing, classifying, interpreting evidence, discussing
alternatives, and communicating defensible conclusions. In vocational contexts, these practices become
more meaningful when learning tasks are connected to authentic biological and production problems,
although transfer to workplace performance must be measured separately (Kervinen et al., 2023); (Kyndt
et al., 2013).

Science process skills encompass observing, classifying, interpreting evidence, discussing
alternatives, and communicating defensible conclusions. In vocational contexts, these practices become
more meaningful when learning tasks are connected to authentic biological and production problems,
although transfer to workplace performance must be measured separately (Langbroek et al., 2024); (Lucas

et al., 2021).

Learning outcomes and reflective classroom action research

Learning outcomes reflect performance on specified assessments rather than the full range of
scientific competence. Classroom action research uses cycles of planning, implementation, observation, and
reflection to adjust teaching in situ. Improvements across cycles are informative for local practice but do
not, by themselves, establish a causal effect (Mann et al., 2022); (Martin et al., 2020).

Learning outcomes reflect performance on specified assessments rather than the full range of

scientific competence. Classroom action research uses cycles of planning, implementation, observation, and
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reflection to adjust teaching in situ. Improvements across cycles are informative for local practice but do
not, by themselves, establish a causal effect (Mayer et al., 2020); (McDermott, 2021).

Learning outcomes reflect performance on specified assessments rather than the full range of
scientific competence. Classroom action research uses cycles of planning, implementation, observation, and
reflection to adjust teaching in situ. Improvements across cycles are informative for local practice but do
not, by themselves, establish a causal effect (Meulenbroeks et al., 2024); (Mdnus, 2022).

Learning outcomes reflect performance on specified assessments rather than the full range of
scientific competence. Classroom action research uses cycles of planning, implementation, observation, and
reflection to adjust teaching in situ. Improvements across cycles are informative for local practice but do

not, by themselves, establish a causal effect (Noetel et al., 2022); (Noetel et al., 2021).

METHOD

Design and setting. The study used two-cycle classroom action research at SMK Negeri 1 Paguyaman
Pantai, Gorontalo, during the second semester of 2017/2018. The original abstract specifies February—May
2018, whereas the method section specifies February—April 2018; the exact closing date therefore requires
author confirmation.

Participants. All 14 students in Grade X ARL were included: eight boys and six girls. The teacher-
researcher worked with a collaborating teacher/observer. No randomized assignment or control class was
reported.

Instructional procedure. The inquiry sequence comprised observation of a phenomenon, problem
formulation, hypothesis generation, planning an investigation, observation and data collection, analysis,
and conclusion drawing. Lessons addressed the fish circulatory system, including its organs, mechanism,
and laboratory observation. Each cycle involved planning, instruction, observation, and reflection. Cycle 11
incorporated revisions following Cycle I feedback.

Data and analysis. The manuscript reports classroom observation, implementation checklists,
reflective records, interviews/questionnaires, and post-tests. Descriptive statistics were used for student
mastery, mean achievement, and implementation percentages. Instrument validity, scoring rubrics, test
equivalence, ethics approval, and participant-consent procedures were not documented in the available

manuscript and should not be assumed.

RESULTS
Table 1 reproduces the count-based mastery outcomes from the original results table. Because the
original abstract and discussion also report 57.14% mastery for Cycle I, the discrepancy is presented

explicitly rather than silently harmonized.
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Table 1. Student mastery by action-research cycle (n = 14)

Indicator Cycle 1 Cycle I1
Students meeting mastery 6 13
Students not meeting mastery 8 1
Mastery calculated from counts 42.86% 92.86%
Non-mastery calculated from counts 57.14% 7.14%

The count-based increase in mastery was seven students, equivalent to 50.00 percentage points. The
source abstract instead states an increase from 57.14% to 92.86% (35.71 percentage points). The first
percentage appears to correspond to the eight students not meeting mastery in Cycle I, not the six students

meeting mastery.

Table 2. Reported post-test and implementation indicators

Measure Cycle 1 Cycle I1 Change

Mean post-test score 57.54 69.38 +11.84 points

Mean inquiry implementation 73.27% 90.07% +16.80 percentage points
Inquiry implementation: meeting 1 65.2% 86.9% —

Inquiry implementation: meeting 2 82.6% 91.3% —

Inquiry implementation: meeting 3 72.0% 92.0% —

The source narrative reports an 11.85-point increase; subtraction of its displayed cycle means yields
11.84 points. The Cycle I observation table also lists 65.2%, 82.6%, and 72.0%, whose arithmetic mean is
73.27%. The Cycle 11 values of 86.9%, 91.3%, and 92.0% average 90.07%.

DISCUSSION

The within-class pattern is consistent with improved implementation of a structured inquiry
sequence: teacher guidance, small-group problem formulation, opportunities to examine biological
evidence, and reflective adjustment may have supported greater participation. This interpretation is
plausible but not experimentally established (Oktaria et al., 2023); (Pettersson, 2021).

The within-class pattern is consistent with improved implementation of a structured inquiry
sequence: teacher guidance, small-group problem formulation, opportunities to examine biological
evidence, and reflective adjustment may have supported greater participation. This interpretation is
plausible but not experimentally established (Ridwan et al., 2022); (Scherer et al., 2021).

The within-class pattern is consistent with improved implementation of a structured inquiry
sequence: teacher guidance, small-group problem formulation, opportunities to examine biological
evidence, and reflective adjustment may have supported greater participation. This interpretation is

plausible but not experimentally established (Skulmowski, 2024); (Spiteri et al., 2020).
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The within-class pattern is consistent with improved implementation of a structured inquiry
sequence: teacher guidance, small-group problem formulation, opportunities to examine biological
evidence, and reflective adjustment may have supported greater participation. This interpretation is
plausible but not experimentally established (Sweller, 2020); (Theobald et al., 2020).

A notable strength is the pairing of achievement outcomes with implementation observations. The
rising implementation percentage suggests that teaching practices changed across cycles, not merely test
scores. Nevertheless, the absence of student-level paired data, item analysis, independent fidelity ratings,
and a comparison group limits the precision of inference (Agarwal et al., 2021); (Antonietti et al., 2022).

The original paper describes its topic alternately as fish growth and the fish circulatory system. The
documented lesson sequence centers on fish circulatory anatomy and mechanism; the revised title and
interpretation therefore follow that specific instructional content. It would be inappropriate to claim
measured improvements in aquaculture production skills, critical-thinking ability, or fish growth outcomes

without separate evidence (Berie, 2022); (Castro-Alonso et al., 2021).

CONCLUSION

In this 14-student vocational classroom, reported mean achievement rose from 57.54 to 69.38, count-
based mastery increased from 6/14 to 13/14, and observed inquiry implementation increased from 73.27%
to 90.07% between two action-research cycles. The findings suggest that iterative, scaffolded inquiry was
associated with improved classroom outcomes. Future research should report validated equivalent

assessments, detailed implementation rubrics, student-level scores, and a comparison condition.
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