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Toulmin's Argument Pattern.

Objective: To determine the implementation and effect of portfolio-based performance
assessment in improving arqumentation skills in physics learning, and to identify
students' responses to its application. Method: This study used a quasi-experimental
pretest-posttest control group design with 66 tenth-grade students at SMA Negeri 1
Bubulan, divided into an experimental class of 33 students receiving portfolio-based
performance assessment and a control class of 33 students receiving conventional
instruction. Data were collected through observation, TAP indicator-based essay tests,
and portfolios, and analyzed using normality tests, paired and independent samples t-
tests, and N-Gain calculations. Results: Portfolio assessment was implemented very
well (93.75%). The experimental class's argumentation skills improved, with an
average N-Gain score of 0.71 (high category), higher than the control class's 0.63
(medium category). However, the difference in post-test scores between the two classes

was not statistically significant (p = 0.499). Nowvelty: The study integrates portfolio-
based performance assessment with a Problem-Based Learning (PBL) model
incorporating Toulmin's Arqument Pattern (TAP) as an innovative approach to
measuring and improving high school students' scientific arqumentation skills in
physics learning more comprehensively and authentically.

INTRODUCTION
Physics learning today no longer focuses solely on conceptual mastery, but also
requires students to think critically, communicate scientifically, and construct logical
arguments based on evidence. Argumentation skills are one of the core competencies
expected of students under the Regulation of the Minister of Education, Culture,
Research, and Technology (Permendikbudristek) Number 5 of 2022 concerning
Graduate Competency Standards, which positions critical thinking as a core dimension
of the Pancasila Student Profile within the Kurikulum Merdeka framework. Through
argumentation, students learn to propose claims, support them with scientific evidence,
and build logical reasoning —abilities that are essential in both academic and everyday
contexts (Irvan & Admoko, 2020).

Students' argumentation skills in Indonesia, including in physics learning, remain at
a low to moderate level. A study by Hardini and Alberida (2022) revealed that students'
argumentation abilities at SMAN 1 V Koto Kampung Dalam were classified as
moderate to low. Research by Khumairoh (2022) at SMA Kesatrian 1 Semarang found
that 51% of students were reluctant to express their opinions due to teacher-centered
instruction. A similar condition was identified in a preliminary study at SMA Negeri 1
Bubulan, where only 32% of students could construct arguments with a complete
structure comprising claims, evidence, and reasoning. This low level of argumentation
skills is attributed to the dominance of conventional teaching methods, insufficient
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training in scientific argumentation, and an assessment system oriented solely toward
outcomes.

Therefore, the assessment system needs innovation —one that not only measures final
learning outcomes but also continuously promotes the development of students'
argumentation skills. One relevant approach is portfolio-based performance
assessment. This approach evaluates students authentically through their thinking
processes and the development of their abilities over time. Portfolios allow students to
collect, reflect on, and revise their argumentative works, resulting in increasingly
structured and evidence-based arguments (Nuril, 2020). Rosmiati et al. (2020) state that
essay-based performance assessment in physics learning can significantly improve
students' argumentation skills.

Existing studies on portfolio-based assessment have largely focused on subjects such
as writing, biology, or general science, with comparatively limited attention to physics
learning specifically (Force, 2020). Moreover, most prior portfolio-assessment studies
have not explicitly linked the assessment structure to a formal argumentation
framework such as TAP, leaving the connection between assessment design and the
development of specific argumentation components (claims, data, warrants, backing,
qualifiers, and rebuttals) underexplored (Driessen et al., 2005). This gap indicates the
need for a study that examines portfolio-based performance assessment as a tool that is
structurally aligned with an established argumentation framework, applied within an
authentic physics learning context.

The urgency of this study lies in the gap between the demands of 21st-century
physics learning and current assessment practices that remain dominated by
summative, outcome-oriented tests (Biggs et al., 2021). Such tests cannot capture how
students' argumentation develops over time, nor do they provide space for revision and
reflection, both of which are essential to scientific reasoning (Dwivedi et al., 2019).
Portfolio-based performance assessment addresses this gap by documenting the
trajectory of students' argumentative thinking across multiple stages of learning, rather
than measuring it at a single point in time (Blundo et al., 2021). This study differs from
prior portfolio-assessment research by explicitly integrating Toulmin's Argument
Pattern (TAP) as the structural framework for both instruction and assessment within a
Problem-Based Learning (PBL) setting (Erduran et al., 2004). This integration allows the
assessment not only to measure argumentation skills but also to actively scaffold their
development, offering a more comprehensive and authentic alternative to conventional
physics assessment (Beemt et al., 2020).

This study aims to: (1) determine the implementation of portfolio-based performance
assessment in measuring students' argumentation skills; (2) examine the effect of such
assessment on the improvement of students' argumentation skills in physics learning;

and (3) identify student responses to the application of the assessment.
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RESEARCH METHOD
This study used a quantitative, quasi-experimental pretest-posttest control group

° design (Creswell & Creswell, 2023). The study involved two groups: an experimental
class that received physics instruction with portfolio-based performance assessment,

° and a control class that received conventional instruction. The research sample
consisted of 66 tenth-grade students at SMA Negeri 1 Bubulan, selected using
purposive sampling based on considerations of readiness, active participation in
discussions, and completeness of learning documentation, with each group consisting
of 33 students.

Instruments and procedure

The learning material used was Global Warming, delivered through a Problem-Based
Learning (PBL) model integrated with Toulmin's Argument Pattern (TAP). The research
instruments consisted of: (1) an observation sheet for the implementation of portfolio
assessment with a rating scale of 0-4; (2) an argumentation skills test in the form of
essay questions based on TAP indicators comprising claims, data, warrants, backing,
qualifiers, and rebuttals, administered as a pre-test and post-test; (3) a student response
questionnaire using a four-point Likert scale (SA/A/D/SD) with 12 statement items
across three indicators; and (4) portfolio sheets containing students' argumentative
assignments collected progressively. The portfolio assessment instrument consisted of a
rubric with four indicators, namely planning, implementation, argumentation skills,
and reflection and feedback, each scored on a 0-4 rating scale with descriptive criteria
for every score level. The observer used this rubric at each of the three meetings to
document students' progress, supported by photographic documentation of student
worksheets , argumentative posters, and portfolio sheets collected at each meeting as
evidence of implementation.

The portfolio assessment was implemented over three meetings. The first meeting
focused on formulating essential questions and designing initial arguments through
mind mapping. The second meeting focused on constructing and monitoring
arguments through student worksheets, including evidence collection and warrant
formulation. The third meeting covered the evaluation and presentation phase, in
which students presented their final arguments as argumentative posters incorporating
three core TAP elements: claims, data, and warrants.
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Population: 10th-grade students at
SMA Negeri 1 Bubulan

L

Purposive sampling
(n = 66 students)

Quasi-experimental design:
Pretest-posttest control group

1

Experimental Class (n = 33)
Portfolio-Based Performance
Assessment + PBL (TAP)

Control Class (n = 33)
Conventional PBL Instruction
(no portfolio assessment)

L

L

Pre-test
(TAP-based essay test)
I

Pre-test
(TAP-based essay test)
I

Meeting 1: Formulate essential
questions & initial arguments
(mind mapping)

Meeting 1: Global Warming
topic, standard PBL activities
(no portfolio scoring)

Meeting 2: Construct &
monitor arguments via LKPD
(evidence + warrants)

|

Meeting 2: Standard PBL
activities, teacher-led
discussion

Il

Meeting 3: Present final
arguments via posters
(claim, data, warrant)

Meeting 3: Standard PBL
closing activities

e

L

Post-test
(TAP-based essay test)
]

Post-tes
(TAP-based essay test)
I

Data analysis:

Normality & homogeneity tests, paired

and independent t-tests, N-Gain

Figure 1. Research flowchart showing sampling, group assignment, and the three-
meeting procedure for the experimental and control classes.

Data analysis

Data analysis was conducted quantitatively using SPSS and Microsoft Excel. The
implementation of learning was analyzed using score percentages with categorical
(2x / 2xi) x 100%, where
P is the implementation percentage, ~x is the total score obtained, and 2xi is the

criteria based on Zakariah et al. (2020), using the formula P =

maximum possible score; the resulting percentage was classified into five criteria
(2020). The
improvement in argumentation skills was analyzed through: (a) the Shapiro-Wilk

ranging from Very Poor to Very Good, following Zakariah et al.

normality test; (b) Levene's Test for homogeneity; (c) a paired t-test to determine
significant differences between the pre-test and post-test scores within each group; (d)
an independent samples t-test to compare post-test scores between groups; and (e) N-

Gain calculations to determine the degree of improvement in students' argumentation
skills.

RESULTS AND DISCUSSION

Results

This study's results are presented in two parts. The first part recapitulates the portfolio
assessment implementation across the planning, implementation, argumentation skills,
and reflection and feedback indicators observed at each of the three meetings, as
summarized in Table 1. The second part reports the improvement in students'
° argumentation skills between the experimental and control classes, measured through
c the N-Gain score derived from the pre-test and post-test results, as summarized in
Table 2. Table 1 presents the recapitulation of portfolio assessment implementation
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observed across the three meetings, based on the mode score obtained for each
indicator.

Table 1. Recapitulation of portfolio assessment implementation
No Observed Aspects P1 P2 P3 Modus Criteria

1 Portfolio Assessment Planning 4 4 4 4 Very good
2 Implementation of Portfolio Assessment 4 4 4 4 Very good
3 Argumentation Skills 3 3 3 3 Good

4 Reflection & Feedback 4 4 4 4 Very good

Based on Table 1, almost all implementation aspects received a mode score of 4 (Very
Good), except Argumentation Skills, which consistently received a score of 3 (Good)
across all meetings. Overall, portfolio assessment implementation reached 93.75%,
classified under the Very Good category.

Table 2 presents the pre-test and post-test averages, along with the N-Gain score, for

both the experimental and control classes, showing the extent of improvement in
argumentation skills achieved by each group.

Table 2. Results of argumentation skill improvement (N-Gain)

e Group Pre-test Average Post-test Average N-Gain (Category)
Experiment 39,67 82,70 0,71 (High)
Control 40,42 78,15 0,63 (Medium)

Based on Table 2, the experimental class showed greater improvement in

argumentation skills than the control class. The average N-Gain score of the
experimental class was 0.71 (high category), while the control class achieved 0.63
(medium category). The Shapiro-Wilk normality test indicated that all data were
normally distributed (Sig. > 0.05). The paired t-test revealed significant improvement in
both groups (p < 0.001): the experimental class obtained t = -91.222 (df= 32) with a
mean difference of —43.03 points, while the control class obtained t = —83.313 (df = 32)
@ with a mean difference of —37.73 points. However, the independent-samples t-test
between groups showed no significant difference in post-test scores (t = 0.680; Sig. 2-
tailed = 0.499 > 0.05).

Discussion
The implementation of portfolio-based performance assessment in this study proceeded
very well (93.75%). The portfolio process, consisting of three meetings, was designed to
guide students in progressively developing scientific arguments: from formulating
initial claims, collecting data, and constructing warrants to presenting final arguments
through posters. The consistent mode score of 4 across the planning, implementation,
and reflection aspects indicates that the assessment instrument effectively guided
teachers to implement the assessment in a structured manner.

Nevertheless, argumentation skills only reached the Good category (score 3) at each
meeting, specifically on the indicators of constructing warrants and providing rebuttals,
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the two components of TAP that require students to justify claims against alternative
viewpoints. This is consistent with the nature of the PBL model, in which students are
required to investigate an authentic problem (in this case, global warming)
collaboratively before arriving at a justified claim; the warrant- and rebuttal-
construction stages depend on students' ability to synthesize evidence from multiple
sources, a skill that typically develops more slowly than claim formulation. As Agustini
et al. (2025) found, portfolio assessment can enhance conceptual understanding in
physics. However, it does not always immediately lead to the development of higher-

order thinking skills such as critical evaluation of evidence. Argumentation therefore
requires a long-term practice process embedded within an inquiry-oriented model like
PBL, rather than a single instructional cycle. This is reinforced by Ling (2025), who
emphasizes that rubric quality is a critical determinant of the success of performance-
based assessment.

The argumentation skills of the experimental class improved more substantially than
those of the control class. The experimental class achieved an N-Gain of 0.71 (high
category), which was higher than the control class at 0.63 (medium category). This
difference was also reflected in the distribution of student categories: 87.88% of students

in the experimental class reached the high category, compared to only 6.06% in the
control class. These findings indicate that integrating portfolios with the TAP-based
PBL model had a greater positive impact on the development of argumentation skills.
Portfolios encouraged students to reflect on their thinking processes, revisit their
previously constructed arguments, and refine them based on continuously collected
scientific evidence. This process aligns with Pols et al. (2023), who argue that integrating

argumentation into scientific inquiry is an important way to develop critical thinking
skills. Furthermore, Pitt and Quinlan (2022) affirm that authentic, performance-based
assessment provides richer feedback compared to conventional tests.

The independent samples t-test showed no statistically significant difference between
the two classes' post-test scores (p = 0.499). However, this result warrants careful
interpretation. The relatively great improvement in the control class may have been
influenced by the Global Warming topic, which intrinsically encourages students to
argue about environmental issues. The limited duration of the study (three meetings)
also constrained the opportunity for the portfolio approach to demonstrate a more
statistically significant advantage.

This study offers several advantages: the portfolio instrument directly aligns
assessment criteria with the components of TAP, allowing argumentation development
to be tracked stage by stage rather than assessed only at the endpoint; and the use of an
authentic, high-relevance topic (global warming) increased students' engagement in
constructing arguments. However, the study also has notable limitations. The three-
meeting treatment duration limited the depth of scaffolding that could be provided,
which likely explains why argumentation skills plateaued at the Good category and
why the between-group difference in post-test scores did not reach statistical
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significance. In addition, the purposive sampling method and the single-school context
e limit the generalizability of these findings to other populations or physics topics.

CONCLUSION
Fundamental Finding: This study shows that portfolio-based performance assessment
integrated with Problem-Based Learning (PBL) and Toulmin's Argument Pattern (TAP)

provides a structured, authentic approach to developing students' scientific
argumentation skills in physics. The implementation of portfolio-based performance
assessment was categorized as very good, achieving 93.75%, indicating that the
assessment process could be applied consistently through planning, implementation,
argumentation activities, and reflection and feedback. Furthermore, students who
experienced portfolio-based assessment showed greater improvement in argumentation
e skills, with an average N-Gain score of 0.71 (high category), compared to 0.63 (medium

category) in the control class. However, the statistical analysis revealed that the
a difference in post-test scores between the experimental and control groups was not
statistically significant (p = 0.499). Therefore, portfolio-based assessment contributes
positively to students' argumentation development, although the study conditions did
not statistically confirm its superiority over conventional assessment. Implication: The
findings imply that portfolio-based performance assessment can serve as an alternative
assessment strategy in physics learning by documenting students' argumentation
processes progressively rather than evaluating only final learning outcomes. Integrating
portfolio assessment with TAP and PBL gives students opportunities to formulate
claims, collect scientific evidence, construct warrants, revise arguments, and reflect on
their learning processes. This approach can complement conventional assessment
systems and support more authentic evaluation of scientific argumentation skills in

physics education. Limitation: This study has several limitations. First, the intervention
was conducted in only three learning meetings, which limited students' opportunity to
develop more complex argumentation components, particularly warrants and rebuttals.
Second, purposive sampling of students from only one school, SMA Negeri 1 Bubulan,
limits the generalizability of the findings to other schools, student populations, and
physics topics. Third, although the experimental class achieved a higher N-Gain score,
the limited duration of treatment may have contributed to the lack of statistically
significant differences between the experimental and control groups. Future Research:

Future studies should examine the implementation of portfolio-based performance
assessment over a longer period with more intensive scaffolding to strengthen higher-
order argumentation components, especially warrants and rebuttals. Further research is
also recommended to involve larger and more diverse samples from multiple schools,
explore different physics topics, and investigate the effectiveness of integrating PBL and
TAP-based portfolio assessment across various educational levels. These efforts are
@ expected to provide stronger evidence regarding the effectiveness and broader
applicability of portfolio-based performance assessment in improving students'
scientific argumentation skills.
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