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Abstract — The study developed an assessment as
learning instrument to foster the argumentation skills of
pre-service chemistry teachers. The instrument was
designed as an alternative assessment tool that
integrates self-assessment, peer assessment, and
collaborative discussions on an Al-assisted online
whiteboard aligned with Toulmin’s argumentation
framework. The ADDIE model guided the development
of the instrument. The instrument underwent expert
content and construct validation, achieving high validity
ratings. Pilot testing with 31 participants demonstrated
moderate inter-rater reliability (ICC = 0.621) for peer
assessments and moderate correlations between self,
peer, and instructor assessments, highlighting the need
for improved feedback mechanisms and self-assessment
training. The analysis of collaborative argumentation
discussion revealed that most arguments demonstrated
moderate quality, and a smaller proportion achieved the
highest quality level.
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The analysis of practicality and effectiveness gave
moderate ratings. Feedback expressed a need for more
explicit instructions, more task time, and improved
feedback mechanisms. Assessment as learning based
instrument was moderately effective but demonstrated
some potential for encouraging reflective, collaborative,
and logical argumentation processes. Further
refinements are needed to optimize its impact.

Keywords — Assessment as learning, self-assessment,
peer assessment, collaborative argumentation.

1. Introduction

Argumentation skill (AS) involves critically
evaluating and constructing arguments, enabling
individuals to oppose or support claims effectively.
AS is not only about conveying opinions clearly and
convincingly [1] but also encompasses critical
thinking [2], collaboration [3], [4], integrating
multiple perspectives [5], and navigating complexity
and ambiguity [6]. These skills involve developing,
interpreting, and evaluating arguments by identifying
whether an argument adheres to deductive or non-
deductive inference patterns [7]. For pre-service
chemistry teachers, mastering AS is essential in
building a solid framework of logical thinking, which
forms the foundation for effective teaching and critical
analysis [8]. Thus, improving AS can help them
become better educators while fostering their critical
and analytical thinking abilities.

In the context of chemistry education, AS focuses
on two key aspects. First, "learning to argue”, which
emphasizes developing skills such as constructing
valid argument structures, counterarguments, and
rebuttals supported by appropriate evidence [9], [10],
[11]. Second, "arguing for learning", which highlights
the role of argumentation in conceptual change
through constructive and dialogic interactions [12],
[13], [14].
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By engaging in argumentation, students can apply
knowledge in context, broaden their perspectives, and
address misconceptions [15], [16]. Implementing
practical argumentation activities in chemistry
learning reduces misconceptions and enhances
students’ understanding.

AS also plays an important role in developing
students’ social and collaborative skills. Through
collaborative argumentation, students refine their
conceptual understanding by working with peers to
challenge and validate assumptions [9]. However,
research indicates that students’ AS is generally at
lower levels, with many struggling to incorporate key
components such as a warrant, backing, qualifier, and
rebuttal into their arguments [17], [18]. These findings
highlight the need for effective strategies to improve
AS in educational contexts.

To address these challenges, developing
Assessment as Learning (AaL) instruments have
emerged as a promising solution. AaL incorporates
peer and self-assessment, encouraging students to be
responsible for their learning, which has been shown
to enhance academic success [19]. By using AaL,
students can actively reflect on and evaluate their
arguments, fostering the development of strong AS
[20]. Advances in digital technology, particularly
those supported by Artificial Intelligence (Al), open
new opportunities to facilitate collaborative AS
learning [4], [21].

However, the lack of appropriate assessment
instruments tailored to evaluate AS in this context
remains a significant challenge.

The present study addresses these gaps by
developing an innovative AaL tool for improving the
AS of pre-service chemistry teachers. The proposed
instrument integrates a Collaborative Argumentation
Online Whiteboard, augmented by Al capabilities, to
facilitate real-time discourse, joint argumentation, and
feedback [4], [21]. Using Al-based tools allows
students to recognize the strengths and weaknesses of
their arguments, thus fostering metacognitive skills
critical to the development of AS [22], [23]. While
previous studies have focused on formative
Assessment for Learning (AfL) instruments [24], [25],
no research has specifically developed AaL
instruments for improving AS in pre-service
chemistry teachers. Figure 1 shows how students’
argumentation skills are improving in this study.

Thus, this study contributes to the field by
developing a novel AaL instrument and exploring its
feasibility in improving AS. The findings will provide
valuable insights for curriculum development and
innovative practices in teacher education, equipping
future chemistry educators with the skills needed to
excel in their profession.

Initial Diraft of . Self Asszessment Revi Final Draft of
Argumentative Review Peer Aszzessment vise ’ Argumentative
Essay Collaborative Argumentation, Eszsay
Teacher Feedback

Figure 1. Assessment as learning for students’ argumentation skill

2. Methods

This study employed a development research
approach with the primary aim of creating the
Chemistry Argumentation Skills Assessment as
Learning (CASAL) instrument to improve the
argumentation skills of pre-service chemistry
teachers. The ADDIE development model was
adopted, encompassing five stages: Analyse, Design,
Develop, Implement, and Evaluate [26]. The
feasibility of the CASAL instrument was assessed.

The Analyse stage included competency analysis,
curriculum  analysis, literature  reviews, and
evaluations. Competency analysis examined students’
profiles and chemistry learning related to AS.
Curriculum analysis identified chemical concepts that
could be integrated with AS indicators. Literature
reviews explored the challenges of AS assessment,
empirical research, and theoretical frameworks
supporting instrument development.
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This stage concluded with evaluations to refine
findings, identifying research gaps and problems
requiring solutions.

The Design stage focused on developing CASAL
criteria and rubrics for AS, incorporating e-
guestionnaires for  self-assessment and peer
assessment, and designing an online whiteboard
template for collaborative argumentation using Padlet,
aligned with Toulmin’s AS framework indicators.
Validation sheets and student response questionnaires
were also prepared. A Focus Group Discussion (FGD)
with the research team and five senior lecturers
evaluated the instrument’s content and structure,
leading to revisions. Outputs included finalized
rubrics, Padlet templates, validation sheets, and
guestionnaires.

During the development phase, three content and
language experts reviewed the first draft of the
CASAL instrument.
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Feedback was analyzed descriptively, leading to
revisions and the production of a second draft.
Validation testing of the second draft involved five
field experts using a 4-point Likert scale to measure
validity [27]. A minimum mode score of 3 was
required to declare validity. Revisions were made
based on suggestions, resulting in a third draft deemed
valid in construct and content.

The Implementation stage involved pilot testing
the third draft with 31 pre-service chemistry teachers.
The CASAL instrument included five Student
Activity ~ Sheets  (SAS).  Students  drafted
argumentative essays (SAS 1), completed self-
assessments (SAS 2), conducted peer assessments in
groups (SAS 3), engaged in collaborative discussions
on Padlet (SAS 4), and wrote final argumentative
essays (SAS 5). The reliability of peer assessment was
assessed using the Intraclass Correlation Coefficient
(ICC) with a two-way random effects model [28].
Practicality was measured via closed and open-ended
guestionnaires, and effectiveness was evaluated based
on students’ argumentation activities. Spearman
correlation tests assessed the consistency of self, peer,
and instructor  assessments.  Transcripts  of
collaborative argument discussions on Padlet were
coded using Toulmin’s indicators, while argument
guality was assessed with a five-level model [29],
adapted from face-to-face discourse to analyze
asynchronous interactions. A rebuttal, central to the
highest levels, was identified when a student explicitly
referenced a prior claim and challenged its data,
warrant, or backing.

Table 1. CASAL instrument content validity

3. Results and Discussion

The CASAL instrument developed in this study
comprises a collection of documents that evaluate pre-
service chemistry teachers’ AS through self-
assessment, peer assessment, instructor assessment,
and collaborative discussions. The instrument aims to
enhance AS in chemistry learning by meeting three
feasibility criteria:  validity, practicality, and
effectiveness [30]. The CASAL instrument supports
sustainable student learning by fostering reflective,
collaborative processes and active involvement in
self-assessment.

3.1. Validity

Five experts validated The CASAL instrument,
evaluating both content and construct validity.
Content validity ensured alignment with accurate
scientific  knowledge, particularly in chemical
kinetics. As seen in Table 1, the results confirmed a
highly valid rating across all aspects, free from errors
in facts, concepts, principles, or theories of chemical
kinetics.

Construct validity confirmed the instrument logical
alignment with AS indicators, with a rating mode of 4
(highly valid) across all aspects (Table 2). These
findings demonstrate that the CASAL instrument
effectively measures the intended constructs.

Assessment Aspects Mo Category
CASAL instrument contains concepts, facts, concepts, principles, laws, and theories that 4 Highly Valid
apply to chemical kinetics and are correct and by the rules of chemistry or do not contain
misconceptions.
The content of chemical kinetics is relevant as a vehicle for practising student’s AS. 4 Highly Valid
The assessment rubric includes all components of Toulmin’s argumentation (claim, 4 Highly Valid
evidence, warrant, backing, rebuttal, qualifier).
Table 2. CASAL instrument construct validity
Indicators Assessment Aspects Mo Category
Claim 1.Students provide a main statement or claim and relate it to the factors | 4 Highly Valid
influencing their claim.
2. Students evaluate whether the reader can understand the claim they made. 4 Highly Valid
Data 1. Students use data from experiments or literature as supporting evidence for their | 4 Highly Valid
claim.
2. Students evaluate how well the evidence provided supports and strengthens | 4 Highly Valid
their claims.
Warrant 1. Students provide a logical explanation that connects the evidence to the claim. 4 Highly Valid
2. Students evaluate whether the explanation provided ensures coherence between | 4 Highly Valid
the evidence and the claim.
Backing 1. Students provide additional explanations to strengthen their argument further. 4 Highly Valid
2. Students reflect on how this explanation reinforces their argument. 4 Highly Valid
Rebuttal 1. Students present counterarguments and refutations against their proposed | 4 Highly Valid
claims and evidence.
2. Students evaluate how the counterargument strengthens their argument. 4 Highly Valid
Qualifier | 1.Students state the limitations of their claim based on analysis. 4 Highly Valid
2.Students assess the accuracy of these limitations relative to their claim and | 4 Highly Valid
evidence.
TEM Journal —Volume 14 / Number 4 / 2025. 3461
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3.2. Implementation and Reliability

Students drafted essays on reaction rate factors
affecting Octobot performance. The initial drafts
underwent self-assessment and peer evaluations using
a 4-point rubric, as seen in Table 3.

Al detection tools were used to guarantee the
originality of the content, meaning some students were
requested to revise their essays containing Al-
generated content. Research [31] demonstrated the
efficacy of these tools. The Isgen.ai platform was
selected due to its multilingual detection capabilities,
including Bahasa Indonesia content, and its 96.4%
accuracy in detecting content produced by Al models
such as ChatGPT, GPT4, Bard, LLaMa, and others. A
manual cross-checking process was implemented to
improve accuracy. The distinctive features of Al-
generated essays, which differentiate them from
human-generated essays, were considered during this
process. One notable distinction is the tendency of Al-
generated essays to exhibit neat and consistent
sentence structures characterized by uniform patterns
in contrast to the more varied and flexible nature of
human writing [32]. Additionally, Al-generated
essays frequently produce superficial analyses and use
repetitive vocabulary. In contrast, human writing
exhibit in-depth arguments supported by more
contextualized and varied word choices [33].

The transitions between paragraphs in Al essays
have been observed to lack natural flow compared to
human writing, where such transitions are organic.
Additionally, Al writing has been found to
occasionally contain inaccuracies in facts or
references, while human writers tend to exercise
greater caution in ensuring the accuracy of
information. While Al writing is typically free of
grammatical errors, it often lacks the emotional
nuances and personal reflections characteristic of
human writing [34]. However, exercising caution and
considering ethical considerations is imperative when
utilizing Al assistance in writing. In essay writing, Al
can enhance efficiency by reducing time spent on
writing [35], [36].

Additionally, Al can assist in detecting potential
plagiarism, thereby ensuring the integrity and
originality of scientific work [36]. Al can aid in
grammar, style, and readability, ensuring clarity in
communication [35]. Furthermore, Al can support
statistical analysis and summarize complex
information; however, the responsibility for the
validity of the conclusions remains with the author
[35]. It is imperative to acknowledge that Al cannot
be recognized as an author, thereby necessitating the
retention of full responsibility for the content by
human authors [37].

Table 3. Rubrics of students’ argumentation skills refers to Toulmin’s Argumentation Pattern

Argumentation Assessment Scale
Skill 1 2 3 4

Claim The claim is either There isaclaim butit | The central claim is The central claim is
unclear or irrelevant | does not focus on what | straightforward but can obvious, can only be
to the topic. should be the central be interpreted in interpreted in one way,

claim. multiple ways or entirely | and is relevant to the topic
irrelevant to the topic. being discussed

Data There is no evidence, | There is evidence but The evidence comes The evidence comes from
or the evidence is the source is not from reliable sources reliable sources and fully
irrelevant to the entirely reliable, or it and supports the claim, supports the claim with a
claim. does not strongly although the explanation | strong explanation.

support the claim. could be improved.

Warrant There is no The explanation does The explanation shows The explanation is
explanation, or the not fully explain how the link between the obvious and logical. It
explanation does not | it relates to the claim. evidence and the claim links the evidence to the
connect the evidence but it could be more claim.
and the claim detailed.
logically.

Backing There is no There is an additional | The additional The additional explanation
additional explanation but it is explanation supports the | is strong, relevant, and
explanation to weak. reasoning logically, supports the reasoning.
strengthen the although it could be
reasoning. more detailed.

Rebuttal Fails to acknowledge | Acknowledges the Acknowledges and Acknowledges, explains
or explain the weakness but the explains the weakness the weakness, and offers a
weakness of the explanation is unclear | clearly but does not good solution or
argument. or shallow. provide a detailed improvement.

solution or
improvement.

Qualifier There are no There are conditions or | Some conditions or Some conditions or
conditions or limitations but they are | limitations are explained | limitations are apparent,
limitations for the unclear or vague. clearly but not wholly. specific, and detailed.
claim.
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The ICC value of 0.621 indicates moderate to high
reliability between raters, per the reliability criteria
established by [28]. However, slight variations
remain. The 95% confidence interval (0.429 - 0.777)
indicates that the inter-rater reliability in the
population ranges from moderate to high, with the
lower limit falling within the moderate category. The
F-Test results indicated a statistically significant inter-
rater reliability (p = 2.9x107), substantiating that the
observed consistency between peer raters was not
merely a chance occurrence. The substantial reliability
observed signifies that Toulmin’s AS rubric can be
employed to assess argumentative  essays
satisfactorily among raters. The comprehensive inter-
rater reliability measurement outcomes can be found
in Table 4.

Table 4. Inter-rater reliability measurement results

Parameter Result

Model ICC Two-Way Random Effects
Type Absolute Agreement
Subjects (n) 31

Raters (k) 3

ICC (Single Measures) 0.621

95% ClI 0.429 - 0.777

F-Test F(30, 61.3) = 5.83

p-value 2,9x10°°

Students revised their essays based on self-
assessment, peer feedback, collaborative discussions,
and instructor input, producing final drafts evaluated
by instructors. The instructor’s assessment, the self-
assessment, and the peer assessment were tested for
Spearman correlation to assess the consistency of the
assessment as learning of students’ argumentation
skills. The Spearman analysis result can be seen in
Table 5.

Table 5. Spearman correlation analysis result

Variable Spearman’s  p-value Interpretation

rho (rs)
Self-

Moderate

Assessment g 45709 0,00957  positive,
vs Peer significant
Assessment 9 )
Self-
Assessment 0,42531 0,01707 P_os[tlye,
vs Instructor significant
Assessment
Peer
Assessment Positive, not
vs Instructor 0,1367 0,46339 significant
Assessment

The correlation coefficient value, which ranges
from 0.40 to 0.599, indicates that there is a moderate
positive correlation between the way students rate
themselves (self-rating) and how their friends rate
them (peer-rating).

TEM Journal —Volume 14 / Number 4 / 2025.

This relationship implies that students who rate
themselves highly have a fairly high rating from their
peers.

The p-value of 0.00957 shows that the observed
relationship is statistically significant and unlikely to
have occurred by chance. It suggests a correlation
between how individuals perceive their abilities and
how others perceive them. Previous research has
shown that self-evaluations are often positively
related to peer evaluations, although self-evaluations
tend to be biased [38].

This moderate correlation also supports the view
that students possess the capacity to evaluate the
quality of their work. However, their self-assessment
is not entirely consistent with the assessment of others,
so further training in conducting self-assessment is
needed to improve students’ accuracy in assessing
themselves.

The correlation analysis finding demonstrated a
positive and significant relationship between student
self-assessment and instructor assessment (rs =
0.42531, p = 0.01707). This indicates that students
who provide high self-assessment tend to provide
higher-quality essays, reflecting the potential
accuracy of self-assessment in assessing their abilities.
This finding suggests that self-assessment can be a
useful reflective tool to help students understand
where to improve.

The correlation between peer and instructor
assessment was weak (rs =0.1367) and not statistically
significant (p = 0.46339). The preliminary and final
essays showed no significant difference in scores. This
finding supports the conclusion that students tend not
to use peer assessment feedback -effectively to
improve essay quality. This result may be due to
differences in peers’ understanding of the essay
evaluation standards or to students’ tendency to give a
more subjective score based on their perception of the
essay without a direct link to the objective quality of
the writing. These results also suggest that peer
evaluation reflects students’ perceptions of the first
draft rather than their ability to revise based on
feedback. The feedback may not have been critical or
specific enough to be relevant to improving the quality
of the essay. Based on the weak correlation results (rs
=0.1367, p=0.46339), peer assessment is more useful
as a means of reflection for the feedback giver (essay
rater). This finding suggests that the feedback from
peer assessment is not critical or specific enough to
improve the quality of writing, which affects its
effectiveness as an assessment tool. Feedback must be
more criterion-based and constructive to use peer
assessment more effectively.

As demonstrated in Table 5, the outcomes of the
present study suggest that employing self-assessment
as a reflective tool could facilitate students’
comprehension of their writing strengths and
weaknesses.
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However, its precision remains to be enhanced
through further training. Conversely, peer assessment
is more beneficial as a tool for introspection for the
assessor than as a means of evaluating essay quality.
Peer assessment feedback must be more targeted,
constructive, and criterion-based to enhance its
efficacy.

3.3. Argumentation Quality

Transcripts of collaborative argumentation on
Padlet were analyzed using Toulmin’s framework,
with argument quality classified using a five-level
model adapted from [29]. Examples of students’
statements during collaborative argumentation

discussions at each level are shown in Table 6.

Table 6. Examples of students’ statements during collaborative argumentation discussions at each level

Level

Description

Example of Student Statement

1

Argument consists only of a simple claim
(statement, conclusion, or opinion).

In my opinion, | agree with the main idea put forward by Dini.
(Claim)

2 Argument includes a claim and at least one  Octobot has some disadvantages (Claim), for example, it has a
supporting reason or data. very high cost and limited availability (Data).

3 Argument includes a claim, data, and a Pressure is one of the factors that affect the reaction rate
warrant (explains how the data supports the  (Claim). If pressure is increased, the volume of a gas decreases,
claim) or additional evidence/reasons resulting in more particles in the same space (Data). This leads
(backing). to more frequent collisions between particles (Warrant), so the

reaction rate increases (Backing).

4 Argument includes a claim, data, warrant Pressure has a significant effect on the reaction rate in the
or backing, and a qualifier (recognizes octobot system (Claim). This can be observed in the hydrogen
limits or exceptions). peroxide decomposition reaction, which produces oxygen gas

(Data). When pressure increases, the reaction proceeds more
quickly (Warrant). However, if the pressure is too high, the
catalyst may become uncontrollable, and if it’s too low, the
reaction may be too slow (Qualifier).

5 Argument includes a claim, data, warrant, | disagree with the claim about the catalyst (Claim). The essay

backing, qualifier, and a rebuttal or
consideration of an alternative view.

suggests that a stronger catalyst should be used, but I think
that’s not the best choice because the data doesn’t consider the
risk of losing control over the reaction (Rebuttal). Platinum, for
instance, has medium efficiency (Data). If the catalyst is too
strong, the reaction rate could be too fast, and if it’s too weak, it
could be too slow (Warrant). A medium-efficiency catalyst like
platinum helps keep the reaction rate balanced (Backing). So,
using platinum is better, as it avoids the risks of being either too
fast or too slow (Qualifier).

Toulmin’s framework with

Results showed the highest quality (Level 5) in
19.35% of cases, while most arguments reached Level
3 (29.03%), characterized by claims, data, and
warrants.  This finding indicates room for
improvement in fostering high-quality arguments. The
student’s argument quality is shown in Figure 2.

Level 1
19.35%

Level 3
29,03%

Figure 2. Students’ argument quality
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Integrating
collaborative tools like Padlet facilitated self-
reflection, peer feedback, and collaborative
discussions. These activities promoted logical
argument construction, as evidenced by most students
achieving level 3 argumentation skills.

The relatively low percentage of Level 5
arguments (19.35%) suggests that constructing high-
level rebuttals remains challenging. This finding
aligns with previous research indicating that rebuttals
represent the most complex aspect of argumentation
[29]. While the asynchronous format of Padlet allows
time for reflection, it may not inherently support the
dynamic exchange necessary for multiple rebuttals.
Future interventions could focus on scaffolding
strategies to help students anticipate and directly
challenge the reasoning of opposing claims within a
single, well-developed statement.
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3.4. Practicality and Effectiveness

Questionnaires assessed the CASAL instrument’s
practicality and effectiveness. Practicality results
(Figure 3) indicated moderate ratings for ease of use,
clarity of instructions, and platform accessibility, with
good ratings for completion time.

As shown in Table 7, open-ended responses
highlighted areas for improvement, including
simplifying instructions, extending task duration, and
improving Al detection accuracy.

Ease of Use 58%
Clarity of
Instruction 35%
Adequate Task
Completion Time 6%
Platform
Accessibility 6%
0% 20% 40% 60% 80%
Figure 3. The CASAL instrument practicality
Table 7. Feedback on CASAL instrument through open-ended questionnaire
Aspect Theme Percentage Description
Self-Assessment 13% It help_s to realize weaknesses and strengths in AS and
The best part reflection for self-development.
€ best par Peer Assessment 29% It provides constructive criticism and suggestions.
of the : - . >
Media and platform 13% Padlet supports discussion and collaboration.
CASAL Increased student motivation through relevant and
instrument Motivation 19% . ; . g
interesting topics.
No Comments 26% No comments or specific feedback.
Instructions and Instructions are not clear enough and needs to be
. 42% R
The part Rubrics simplified.
neee dgato be Implementation time 10% Needs extended time
Improved Al detection 6% Criticism of the accuracy of Al detection on essays
No Comments 42% Respondents felt there were no areas for improvement or
no comments.
Task completion time 6% Extended completion time to improve essay quality.
Other Instrument and Rubric 39% Make the instrument more structured and simplification
Suggestions Improvement of instruction.
No Comments 55% Respondents had no additional suggestions

Respondents appreciated the best parts of the
CASAL instrument: self-assessment, peer assessment,
media and platforms, and interesting topics. Self-
assessment can help respondents identify weaknesses
and strengths in AS and provide helpful reflections for
self-development. These findings align with research
[39] that self-assessment can improve metacognition,
independent learning, and self-reflection so that
students can recognize their strengths and weaknesses,
motivate learning, improve time management, and
promote ownership of learning, which ultimately
supports continuous learning.

TEM Journal —Volume 14 / Number 4 / 2025.

Meanwhile, peer assessment is beneficial in
understanding the shortcomings of respondents’
assignments through peer criticism and suggestions.
Receiving assessment and feedback from friends is
easier to understand than from teachers [40], so
constructive suggestions can improve learning
outcomes.

The phenomenon raised in this study, the factors
affecting the rate of hydrogen peroxide decomposition
reaction on Octobot, was appreciated by 19% of the
students because it was considered relevant and
interesting.
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Previous research mentions that relevant and
interesting topics can significantly increase learning
motivation [41]. The best motivation for high learning
outcomes is interest in the cognitive process and skill
acquisition to promote persistent behavioural
strategies and increase student engagement [41], [42].

Respondents also valued interactive media and
platforms such as Padlet for supporting group
discussions and facilitating collaboration.

Padlet is an Al-enabled online whiteboard that
allows users to design the board’s look more attractive
and receive and give feedback to each other, making
it easier for students and lecturers to have
collaborative discussions. Padlet’s use has been met
with a favourable response from students [43], and
assignments supported by the tool have been
interesting [44].

Respondents provided feedback on three aspects of
the system: the clarity of the instructions and rubric,
the duration of the task, and the accuracy of the Al
detector. The majority (42%) highlighted that the
instructions on the rubric required simplification to
facilitate understanding. In addition, respondents
expressed concerns regarding the accuracy of the Al
detection, as they perceived that, manual tasks were
erroneously identified as Al results.

One key observation is the limited time allocated
for essay revisions, which may have hindered
students’ ability to utilize feedback effectively.

Maotivate
Argumentation Skl
improvements

Encourage Self-
reflection

Peer Feedback
Improves
Argumentation Skall

This finding is consistent with the weak correlation
between peer and instructor assessments, suggesting
that peer feedback lacked the critical specificity
needed for meaningful revisions. Further training in
providing constructive, criteria-based feedback could
enhance the utility of peer assessment. Additionally,
the moderate correlation between self-assessment and
other assessments indicates that students have some
ability to evaluate their work but require additional
training to improve accuracy and reduce bias.

As demonstrated in Figure 4, the data indicates that
the effectiveness of the CASAL instrument is
classified within the ‘Moderate’ category. 58% of
respondents expressed that the CASAL instrument
motivated them to improve their AS, while 54%
moderately agreed that self-assessment supported
self-reflection. Furthermore, 56% of respondents
stated that peer feedback in peer assessment
contributed to improving AS.

These outcomes align with the observations on
students' argumentation skills in collaborative
argumentation discussion activities on the Padlet
platform, as presented in Figure 2. Most students'
argumentation skills were classified as level 3,
categorized as Fair. These results suggest that the
CASAL instrument is moderately effective in training
AS, though its performance could be enhanced.

54%

S6%

0% 20%

40% 0%

Figure 4. The CASAL instrument effectiveness

Analyzing students’ initial and final essay drafts
revealed no significant differences. This finding
suggests that the time allocated between providing
feedback and uploading the final essay draft was
inadequate, potentially due to insufficient time for
students to revise their essays. This finding aligns with
the results presented in Table 7, which utilize a
guestionnaire to assess students’ perceptions.
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Another potential explanation could be that the
feedback received from peers or instructors was
unclear, irrelevant, or challenging to comprehend,
hindering students’ ability to revise effectively.

In order to ascertain the underlying cause of this
phenomenon, it is needed to conduct a reflective
interview session in which students can explain the
reasons behind the decision to re-upload the initial
draft.

TEM Journal —Volume 14 / Number 4 / 2025.
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Students’ answers may include perceptions of the
feedback received, obstacles to revising the essay, or
even time constraints.

The development of the Instrument for Assessment
as Learning Argumentation Skills (CASAL)
demonstrated feasibility, exhibiting a highly valid
category. However, in terms of practicality and
effectiveness, it was still categorized as Fair.

Integrating Toulmin’s  framework  with
collaborative online whiteboard activities has
facilitated self-reflection, peer feedback, and

collaborative discussion, thereby contributing to
students” ability to construct logical arguments.
Nevertheless, the findings indicate the necessity for
additional refinement in the feedback mechanism and
training in self-assessment practices to enhance its
practicality and effectiveness.

3.5. The Role Assessment as Learning in Improving
Argumentation Skill

The CASAL instrument, developed within an
assessment as learning approach, holds immense
potential to promote students' argumentation skills
through the integration of self-assessment, peer
assessment, and collaborative argumentation. It
allows students to take responsibility for learning and
reflect on the arguments' quality. Indeed, the results
showed that through self-assessment, students could
indicate strengths and weaknesses in their essays, and
54% showed that their essays became more explicit
and structured after reflection. It allows students to
take ownership of their performance and learning
outcome and identify what they must work on their
learning [45]. Self-assessment and instructor
assessment were moderately positively correlated (rs
= 0.42531, p = 0.01707); further guidance is needed
for better self-assessment accuracy.

Integration of collaborative tools, such as Padlet,
further reinforces the AaL approach by encouraging
discussion and enhancing the development of logical

arguments.  Technology-supported  collaboration,
interaction, and knowledge-sharing positively
influence metacognitive awareness and

communication skills [46]. Peer assessment allows for
collaborative learning since students gain insight into
argumentation criteria when assessing the work of
their  peers.  Furthermore, collaborative peer
assessment has been found to enhance learning [47].
According to Toulmin's framework, peer interaction
through collaborative peer assessment refines their
claims and warrants.
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However, the weak correlation between peer
feedback and instructor evaluation at rs = 0.1367, p =
0.46339 shows that more training is necessary to
increase the quality and usefulness of peer feedback.

4. Conclusion

The development and implementation of the
Chemistry Argumentation Skills Assessment for
Learning (CASAL) instrument have demonstrated
moderate practicality and effectiveness in improving
the argumentation skills of pre-service chemistry
teachers.

Integrating Toulmin’s framework with
collaborative online whiteboard activities facilitated
self-reflection, peer feedback, and collaborative
discussions, contributing to students’ ability to
construct logical arguments. However, the findings
also highlight the need for further refinement in
feedback mechanisms and increased training in self-
assessment practices to enhance effectiveness.

The findings emphasize the potential for integrating
chemistry education with self-assessment and
collaborative argumentation activities, aligning with
modern educational goals prioritizing 21st-century
competencies. Digital platforms like Padlet show the
role of technology in interactive learning experiences.
The research provides valuable insights for curriculum
developers and educators who want to use
argumentation-focused assessments in their teaching.

However, there are limitations to the study that
should be considered. First, it may not be
representative of the broader population as the sample
size was limited to 31 participants. Second, the short
duration of the implementation stage may have limited
student’s ability to revise their essays effectively.
Third, the quality of peer feedback varied, indicating a
need for more rigorous training in delivering
constructive and specific critiques. Future research
should address these through more extensive and
diverse samples, longer implementation times, and
improved training modules on assessing peers.
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