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ABSTRACT

Critical thinking skills are an important competency in 21st century physics learning. Ideally,
assessments not only measure conceptual understanding but also facilitate the development of critical thinking
through sustainable and transparent assessment instruments. The novelty of this study lies in the integration of
electronic portfolio assessment with the Liveworksheet platform, a combination that has not previously been
directed specifically at optimizing students' critical thinking skills in physics measurement materials, and which
offers a practical contribution as an alternative formative assessment tool that embeds critical thinking
indicators, transparent rubrics, and continuous feedback directly within the assessment medium. Preliminary
findings at SMAN 1 Sungai Tarab show that students' critical thinking skills are still low, teacher assessment
questions are still procedural and not in line with critical thinking indicators, feedback has not been given
optimally, and assessment rubrics have not been communicated to students. Based on these findings, this study
aims to analyze the need for the development of a Liveworksheet-assisted electronic portfolio assessment to
optimize critical thinking skills in measurement materials. The research uses the Research and Development
(R&D) method of the 4D model, limited to the define (needs analysis) stage, with a quantitative descriptive
approach involving 30 students of class X Phase E1. Data were collected through Facione (2011) indicator-
based critical thinking tests, questionnaires, and teacher interviews. The results showed that the average critical
thinking skills were in the low category (39%), with the highest achievement in self-regulation (43%) and the
lowest in evaluation (36%). Teachers' instruments do not reflect indicators of critical thinking, feedback is
minimal, and rubrics are only used internally. These findings establish the empirical basis for the subsequent
design of a Liveworksheet-assisted electronic portfolio assessment that integrates critical thinking indicators,
transparent rubrics, and continuous feedback; the effectiveness of this assessment in improving students' critical
thinking skills has not yet been evaluated and remains a direction for further research.
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I. INTRODUCTION

In the 21st century, the Indonesian nation is faced with challenges that demand to improve the quality of
human resources in order to be able to compete globally. To answer these challenges, students need to develop
various thinking skills, ranging from simple to high-level thinking skills [1]. High-level thinking includes four
main categories, namely problem-solving, creative thinking, critical thinking, and decision-making [2]. In this
study, the researcher only focused on critical thinking skills, because one of the life skills that needs to be
developed and acquired through education is critical thinking.

The imperative to enhance critical thinking competencies is additionally substantiated by the outcomes
derived from international evaluative instruments. Specifically, the PISA 2022 findings indicate that the
scientific literacy proficiencies exhibited by Indonesian students remain below the established mean of
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Organisation for Economic Co-operation and Development (OECD) member nations. This observation suggests
that the capacity for deductive reasoning, the analytical deconstruction of phenomena, and evidence-based
decision-making utilizing scientific data are not reaching their full potential among Indonesian learners [3]. This
condition reinforces the importance of learning interventions, including through assessment design, which
systematically trains students' critical thinking skills from the secondary education level.

The capacity for reflective contemplation, which is directed toward discerning appropriate courses of action
or justifiable tenets, is characterized as critical thinking. The cultivation of these analytical proficiencies is of
paramount importance, as individuals adept in their application exhibit enhanced logical reasoning, superior
problem-solving capabilities, and the facility to arrive at judicious conclusions regarding both belief and conduct
[4]. Furthermore, these essential analytical faculties encompass the capacity to discern verity from fallacy,
objective reality from subjective viewpoint, or imaginative fabrication from factual accounts. The cultivation of
critical thinking proficiencies can be effectively achieved within an educational framework by presenting
learners with situated dilemmas drawn from quotidian existence [5].

Student academic achievement during the educational progression is gauged via multifaceted evaluative
procedures. Assessment is an overview of learning outcomes that include how assessments are carried out,
assessment techniques, data processing, grade determination, and reporting carried out by teachers and known by
all stakeholders, including parents, schools, and students themselves [6]. According to their function,
assessments are divided into three types, namely: assessment as learning, assessment for learning, and
assessment of learning. Assessment as learning used to reflect on the learning process. This assessment
functions as a formative assessment. The assessment for learning is an assessment used for learning
improvement. This assessment also functions as a formative assessment [7]. From the results of the formative
assessment, educators get information about the need to improve learning the next day by designing positive,
supportive and meaningful learning. The last assessment is assessment of learning, This assessment is used for
learning evaluation. Its implementation is usually at the end of learning [8]. Specifically in this study, the
researcher will focus on assessment as learning and assessment for learning, because This assessment functions
as a formative assessment.

Formative assessment serves several crucial functions: 1) It facilitates the diagnosis of students'
foundational competencies and identifies their specific learning requirements. 2) It provides educators with
valuable insights to refine pedagogical approaches, thereby enhancing the learning experience's relevance. 3) It
offers students constructive feedback, enabling them to optimize their learning methodologies. 4) It ascertains
the extent to which students have assimilated course content during instructional activities. 5) It catalyzes a
transformation in the classroom environment, fostering increased student engagement and motivation through
the implementation of positive, supportive, and purposeful educational initiatives [8]. A prime illustration of an
assessment strategy that educators can leverage as a feedback mechanism is the portfolio assessment. To date,
however, portfolio assessments that explicitly integrate critical thinking indicators, a digital platform, transparent
rubrics, and continuous feedback in a single instrument remain rare, particularly in the context of physics
measurement materials; this combination is the specific gap that the present study addresses through the
integration of electronic portfolio assessment with the Liveworksheet platform.

Portfolio assessments can be used to improve critical thinking skills and determine students' progress in the
learning process because portfolio assessments have the potential to determine students' competencies
comprehensively. Portfolios can also provide relevant feedback for learning that impacts students' views on
assessments [9]. Comprised of assembled works, portfolios serve as a valuable instrument for educators to
meticulously observe and appraise the trajectory of a learner's development throughout a specified period. In
contrast, standardized assessments such as tests and quizzes furnish educators with a snapshot of a student's
knowledge acquisition at discrete temporal junctures [10]. The application of traditional portfolio assessments
causes a lack of efficiency in the time used during the teaching and learning process, resulting in less than
optimal achievement of the objectives in the learning.

One of the important materials in learning physics is measurement. Measurements are the basis of all
experimental and observational activities in the physical sciences. A good understanding of measurement
concepts helps learners develop critical thinking skills, particularly in terms of accuracy, accuracy, and data
analysis [11]. This material provides an opportunity to practice logic, reasoning, and understanding of the
importance of uncertainty in measurement results. Therefore, the topic of measurement has a strategic role in
shaping the scientific mindset of students from an early age.

A number of previous studies on physics learning have also confirmed that students' critical thinking skills
on various topics tend to be in the low to medium category. In a 2021 study, Sundari and Sarkity ascertained that
secondary school students exhibited suboptimal critical thinking proficiencies concerning concepts of
temperature and heat. This deficiency was particularly pronounced in their ability to formulate straightforward
explanations and derive conclusions derived from empirical measurement data. Similar findings were reported
by Hidayati, Makhrus, and Sutrio (2022) on harmonic vibration materials, which showed that students' critical
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thinking skills improved significantly when facilitated with the right approach and assessment. Both of these
findings reinforce the argument that measurement materials, as a methodological foundation in physics, require
assessment designs that explicitly train rigor, accuracy, and data-driven reasoning—not just measure the final
outcome of learners' answers.

However, conditions in the field show that students' critical thinking skills are still relatively low.
Observations and interviews conducted at SMAN 1 Sungai Tarab revealed that the assessment process used by
teachers still focused on the ability to memorize concepts and the final learning outcomes. The assessment used
is still in the form of multiple-choice questions and simple written assignments so that it is not able to measure
students' critical thinking skills optimally. In addition, students have not received feedback that helps them
improve the learning process in a sustainable manner.

The results of the preliminary study showed that the average critical thinking skills of students in class X
Phase E1 were in the low category with a percentage of 39%. Low critical thinking skills can be seen in the
ability of students to analyze problems, evaluate information, and draw conclusions based on the data obtained.
This condition shows the need to develop assessments that can help students develop critical thinking skills more
optimally.

One of the assessment alternatives that can be used is the electronic portfolio assessment. Electronic
portfolio assessment is a form of digital assessment used to collect students' work in a systematic and sustainable
manner [12]. The use of electronic portfolio assessments allows students to document the learning process,
reflect on the results of their work, and get feedback from teachers. According to Masluhah and Rizkiatul,
electronic portfolio assessments can increase student involvement in learning because the assessment process not
only assesses the final results, but also the learning development of students[13].

In this study, an electronic portfolio assessment was developed using the Liveworksheet platform.
Liveworksheet is a digital platform that can be used to create online-based interactive worksheets to facilitate the
assessment process and collection of student assignments. The use of Liveworksheets in learning can help
teachers provide more effective, engaging, and interactive assessments [14]. In addition, the platform allows for
direct feedback so that learners can find out their shortcomings in the learning process.

The effectiveness of Liveworksheet in training students' critical thinking skills has been proven at various
levels and learning materials. Developed a contextual E-LKPD assisted by Liveworksheet and found the product
to be feasible and effective for training the critical thinking skills of high school students [15]. Reported that
interactive problem-based learning-based E-LKPD assisted by Liveworksheets was able to improve students'
critical thinking skills as well as physics learning outcomes [16]. In line with that, on the concept of cell
division[17], as well on thermodynamics material, show that Liveworksheet consistently has a positive
influence on students' critical thinking skills across science and physics subjects [18]. These findings became the
empirical basis for the selection of Liveworksheet as an assessment development platform in this study.

A corpus of prior investigations indicates that the implementation of electronic portfolio evaluations is
instrumental in augmenting students' capacity for critical discernment. Specifically, research undertaken by
Siswaningsih et al. posits that the design of assessments grounded in electronic portfolios facilitates enhanced
student engagement within the pedagogical process and fosters improvements in critical thinking competencies
[19]. Complementing these findings, a separate study by Bella and Kristin demonstrates that the integration of
Liveworksheets into instructional methodologies yields positive effects on both learning engagement and the
cultivation of students' critical thinking prowess [20].

Although various previous studies have proven the benefits of Liveworksheets in improving critical
thinking skills, most still focus on the development of student worksheets (E-LKPD) as a learning medium, not
as a sustainable portfolio assessment instrument. More relevant research was conducted by Evriliani, Nahadi,
and Fatimah, who developed an electronic portfolio assessment based on STEM creative content to assess
students' mastery of concepts and creative thinking on acid-base materials; However, the research focused on
chemistry subjects and creative thinking skills, not critical thinking in physics learning [21]. On the other hand, a
systematic literature review by Astagisa and Malik confirms that the development of formative assessments in
physics learning within the framework of the Independent Curriculum is still limited and requires further
innovation, especially assessments that are able to document the learning process of students comprehensively
and sustainably [22]. This mapping revealed a research gap was identified in the form of the unavailability of an
electronic portfolio assessment assisted by Liveworksheet which is specifically designed to optimize students'
critical thinking skills in measurement materials in physics learning.

Based on this description, it is necessary to develop an electronic portfolio assessment assisted by
Liveworksheet which can be used to optimize students' critical thinking skills in measurement materials.
Therefore, this study aims to produce a valid and practical electronic portfolio assessment so that it can be used
as an alternative assessment in learning physics on measurement materials.
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I1. METHOD

This scholarly inquiry employs the Research and Development (R&D) methodology, characterized by a
structured, systematic sequence of operations designed for the origination of novel commodities or the
enhancement of pre-existing ones [24]. In this study, the development of electronic portfolio assessments is
directed to produce an assessment instrument that not only measures aspects of knowledge, but also students'
critical thinking skills that are integrated with the principles of sustainable development.

The development model applied is the 4D model, which includes four main stages, namely Define
(definition), Design (planning), Develop (development), and Disseminate (dissemination). This model was first
introduced by Sivasailam Thiagarajan, Dorothy S. Semmel, and Melvyn I. Semmel in 1974 [25]. The 4D model
was chosen in this study because the stages are systematic and relatively simpler than other development models
such as ADDIE or Borg and Gall, making it suitable for the development of classroom-scale assessment
instruments with limited time and researcher resources. In addition, the stage develop on 4D models explicitly
accommodates expert validation processes and limited trials, which are the main needs in producing valid and
practical assessment products. However, in this study, product development was only carried out up to the stage
develop, considering the limitations in terms of cost, time, and capabilities owned by researchers.

The subjects in this study are students of class X Phase E1 at SMAN 1 Sungai Tarab. The research
population is all students of class X Phase El, with the sample determined using purposive sampling
techniques based on the consideration that the class has studied the measurement material and is recommended
by the physics subject teacher as a representative class. The research sample amounted to 30 people consisting
of one study group. The product developed is in the form of an electronic portfolio assessment in the form of an
essay assignment equipped with a Liveworksheet-assisted assessment rubric on the measurement material.

Data collection in this study was carried out through three techniques, namely questionnaires, tests, and
interviews. The questionnaire is used to find complete information about problems that occur to students by
filling in factual answers when filling out statements. The test is used to measure students' critical thinking
skills, while interviews are conducted with Physics teachers to obtain information about the assessment system
that has been applied in the learning process. All instruments (questionnaires, tests, and validation sheets) are
arranged based on a grid that contains aspects, indicators, and number of items, so that the instrument
development process can be accounted for systematically.

The assessment tool designed to measure critical thinking proficiencies was meticulously developed in
alignment with Facione's 2011 conceptualization of critical thinking indicators. This framework enumerates six
distinct sub-constructs: Interpretation, Analysis, Evaluation, Inference, Explanation, and Self-regulation. The
test instrument is in the form of a description question (essay) developed by adapting instruments from previous
research, which also refers to the Facione 2011 indicator. Before use, the test instrument is validated by experts
and tested for reliability using Cronbach's Alpha coefficient to ensure the internal consistency of the question
item [26]. The data obtained was then analyzed using descriptive statistics, which is an analysis technique that
aims to process, summarize, and present data systematically to facilitate understanding. Thus, the results of the
analysis are expected to provide accurate information as a basis for the development of more effective learning
assessment instruments.

The results of the needs analysis are calculated using the percentage formula, which is by comparing the
score obtained to the maximum score, then multiplied by 100%. This calculation aims to determine the level of
achievement in each aspect measured in the research. The percentage value obtained is then used as the basis for
interpreting the category of needs and the level of critical thinking skills of students.

, Total btained
score obtained = ———>0"¢OPTAMEL  100% )

Maximum total score

Data analysis to evaluate the needs of each indicator through the use of the conditions in the Table
Table 1. Student Ability Category

Total score range (%) Categories
81-100 Very high
61-80 Height
41-60 Medium
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21-40 Low
0-20 Very low

(Source: Ref[27])
I11. RESULTS AND DISCUSSION

Results

The real conditions related to critical thinking skills in the field show that the critical thinking skills
obtained by students are still not optimal. This condition can be seen from the results of the essay test that has
been carried out at SMAN 1 Sungai Tarab. A preliminary study conducted at SMAN 1 Sungai Tarab showed that
critical thinking skills are still relatively low. The results of the analysis of test scores for each level of indicators
were obtained as follows:

100%

90%

80%

70%

60%

50% 209, 1% 43%
40%
30%
20%
10%

0%

38% 36% 40%

Percentage %

Interpretation Analysis Interference Evaluation Explanation Sel-Requlation

Fig. 1. Critical Thinking Skills Test Results

According to the findings from the evaluation of the examination results concerning various levels of
critical thinkng skill indicators among the 30 students in class X phase E1 at SMAN 1 Sungai Tarab, the data
was collected using descriptive questions (essays) created by [28], which align with the indicators established by
facione (2011). The outcomes from the analysis of the test scores for each indicator canbe viewed in table 3
below.

Table 2. Results of Students' Critical Thinking Skills Test by Indicator

Yes Indicator Average Score (%) Categories

1 Interpretation 39% Low

2 Analysis 41% Medium

3 Inference 38% Low

4 Evaluation 36% Low

5  Explanation 40% Low

6  Self-regulation 43% Medium
Overall average 39% Low
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The data in Table 2 shows that students' abilities vary in each indicator of critical thinking skills. The
indicator with the highest achievement was obtained in self-regulation with an average of 43%, while the lowest
achievement was obtained in the evaluation indicator with an average of 36%. Overall, the average critical
thinking skills of students are in the low category, which is 39%.

Several previous research results also confirmed that the level of critical thinking skills of students in
Indonesia in general is still in the low category. Concluded that the critical thinking skills of students at the
primary and secondary education levels are classified as poor[29], in line with the findings of Setianingsih et al.
and Sirmayeni 2023 in different learning contexts. The low critical thinking skills of students are caused by
various factors, including students who are not trained to involve the critical thinking process in answering
questions [30]

The second real condition based on observations made at SMAN 1 Sungai Tarab found that teachers were
still using questions or questions that were not in accordance with the indicators of critical thinking skills. This is
clearly seen in the example of the questions shown in Figures 2 and 3 below, which show that there is no
relationship between the questions and the critical thinking skills indicator.

PHYSICS WORKSHEET - MEASUREMENT & UNITS

7. The following quantities that are 10. The following are the measwement

base quantities are .. results of the diameter of two wooden
tubes using 3 screw micrometer,
a. Length, width, plane angle Tube 1
b. Velodty, time, distance, energy
R scff-[5])
C. Length, mass, solid angle, time —

.|
Sovme AMcrorertw - Tutw |

d. Length, width, height, thickness
e. Spoed, acceleration, energy, power

Tube 2

’ N
8. Apieceofwood hasalengthof 10m,  s===~ | 117 =
what Is meant by unit s ...

P S

. Length d.10m The difference in diameter of the two
b.m ¢, wood woeden tubes is ... mm.
c. 10

a 344 mm
9, Mr. Ari measures the dametar of s b 3.40mm
circolar akaminum plate wsing avernler ¢, 3.20mm
cafiper. The following is an image of d. 214 mm

My, Ari's measurement result: e. 1.86 mm
Pll—2— 11. The result of subtracting 552 em
ot . = fom55838cmis....om
T 3 64 d.6.31
| b/ b.6.38 &b
o c. 5,380

reading resuit measurf 12. The measurement of 3 zinc plate
:’r:;'tmuﬁ“t‘b_ b e shows a length of 1.420 m and a width of

120 m. The area of the plate Is ...
2.499cm d 499 em Answer
b.489cm e 490em Units:

Phasas + Maasrerwet b Uam « Practos Wirtahest » Geade |

Fig. 2. Examples of assessments used by teachers

The analysis of physics subject assessment questions in class X students, especially the examples of
measurement material questions that have been studied, indicates that most of the questions are still procedural
and tend to only measure low-level thinking skills. These questions generally ask students to memorize concepts,
read the scale of measuring tools, or calculate averages, without encouraging students to analyze, evaluate data,
or draw conclusions based on evidence. Each question was cross-checked against the six Facione (2011)
indicators (Interpretation, Analysis, Evaluation, Inference, Explanation, and Self-regulation) to determine which
cognitive demands it addressed, and the majority were found to require only recall or straightforward calculation
rather than analysis, evaluation, or inference. In fact, critical thinking skills are one of the important
competencies in 21st century learning. Critical thinking skills include the ability to evaluate information
objectively, formulate arguments logically, and make decisions based on valid and relevant data [31]. Due to the
significance of his ability in education, it is essential to create evaluation tools that serve to assess academic
achievements while also motivating learners to enhance their critical thinking abilities.

Observations at SMAN 1 Sungai Tarab further indicate that the provision of feedback on student learning
outcomes has not been carried out optimally. Teachers tend to only give scores or final grades, such as a numeric
mark or a brief remark of "correct" or "incorrect," without an in-depth explanation of the location of the mistakes
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or corrective strategies that can be done by students. In fact, effective feedback is one of the important aspects of
formative assessment because it can help students understand their strengths and weaknesses and improve
learning strategies in the future. Quality feedback can increase learning motivation, encourage self-reflection,
and support the development of critical thinking skills in a sustainable manner [32].

One of the important tools that can support the provision of structured and objective feedback is the
assessment rubric. The rubric is a guideline that contains assessment criteria and a clear description of the level
of achievement for each indicator. The use of rubrics in portfolio assessments allows teachers to provide
assessments in a transparent, fair, and consistent manner. In addition, rubrics also play a role in helping students
understand learning expectations so that they can conduct self-evaluation and gradually improve the quality of
work results [33]. In the context of assisted electronic portfolio assessment Liveworksheet, digital rubrics can
also be inserted or attached as part of the worksheet, so that students can know directly the assessment
benchmark of the assignment being done [34]. Here is an example of a rubric used by teachers in the learning
process.

c. Skills Assessment
Test Rubric
Form: Non-Test (product presentation and product)

‘ . Polnts
Ne Aspect Fulfilled Score Mﬂmmmlfoupom
1,2,3,0r8) |

» Collecting nlormation sources, duta,
lterature, interviews, and cbservations
regarding e basic concepts of

3 MERRNSMANTL, UNis, MEQsNng nstruments,

1 | Plaming Process | i their appiication in dady the

* Selection of communication media

| + Selection of communication madia

* Analyzing information sources in the form
of data, iRerature, Nlerviews, and
oosenations regandiag how 10 use measuring

| 2 Implementaton rstrumants, imporant fuks, standerd

Process urits, and accuracy in measrement
| * Tearmwork or group discussion
* Work eic In discussion groups

+ Media nou:‘qhamg artistic value,
3 Product Resudt - creative, and inmeresting)
Comemenication + Sutabilty of media content with the topic
Meda « Ease of understanding the mada

* Use of good ang correct Bnguage
* Defivery that is easy to understand
* Attractveress of the media used
» Compaciness

4 | Presentasion

Total Score = (total points of all aspects) / 48 x 100

Fig. 3. Examples of Rubrics Used by Teachers

The observations also indicate that teachers have used the assessment rubric shown in Figure 3 below to
assess the learning outcomes of students. However, the rubric is only used by teachers as an internal guideline in
providing assessments, and is not conveyed or given to students. This condition causes students to not clearly
know the assessment criteria used, so they lack a clear understanding of what aspects are being assessed and the
expected achievement standards. In fact, openness to assessment rubrics is very important to help students
reflect, improve their work, and encourage the creation of more transparent and accountable learning [35].

The three findings are the low achievement of students' critical thinking skills in all Facione indicators,
teacher assessment questions that do not reflect critical thinking indicators, and the lack of openness of rubrics
and feedback to students collectively show the need for alternative assessments that are able to integrate critical
thinking indicators explicitly, provide a transparent and accessible rubric for students. as well as facilitating
ongoing feedback. The findings at the Define stage are the empirical basis for the design of Liveworksheet-
assisted electronic portfolio assessments at the next Design and Develop stage.
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Discussion

According tothe findings froma study conductedat SMAN 1 Sungai Tarab, a detailed
understanding was achieved regarding the true state of physics education, particularly in connection with
the critical thinking abilities of students and the effectiveness of the assessment tools
employed. These results serve as the primary basis for creating electronic portfolio assessments supported by
Liveworksheet on measurement topics.

The findings from the examination of the essay assessment performed on 30 pupilsin class X Phase
E1 indicated that the collective critical thinking abilities of the students remained in the below-average range,
with an average score of 39%. Based on the analysis per indicator referring to the Facione 2011 framework, the
highest achievement was obtained in the indicator Self-regulation with an average of 43%, while the lowest
achievement is found in the indicator Evaluation with an average of 36%. This gap between the highest and
lowest indicators can be explained by the different cognitive demands of each skill and by what students are
routinely trained to do in the classroom. Self-regulation, in Facione's 2011 framework, largely involves
monitoring and correcting one's own work, such as re-checking calculation steps or verifying the accuracy of
measurement units; this is a procedural habit that physics instruction already reinforces repeatedly through
numerical exercises, so it is relatively well developed even without explicit critical thinking instruction.
Evaluation, in contrast, requires students to judge the adequacy, credibility, and validity of evidence or data, a
higher-order judgment that must be explicitly modeled and practiced rather than acquired incidentally. Because,
as the next findings show, teacher assessment questions in this school remain procedural and rarely ask students
to judge the quality of data or evidence, students have limited opportunity to practice this specific skill, which
plausibly explains why evaluation is the weakest indicator. This asymmetry is consistent with the characteristics
of physics learning in schools which still emphasizes mastery of calculation procedures rather than evidence-
based reasoning [31], as also reflected in the results of the analysis of teacher questions in the next findings.
This situation  corresponds with  the results  from Miftianah and  colleagues, who noted that  a significant
number of students in Indonesia have not yet developed strong critical thinking abilities [28]. A contributing
factor is that students often find it challenging to effectively use critical thinking processes when responding
to questions [36]. Therefore, it is necessary to develop assessment instruments that can systematically train and
encourage students’ critical thinking skills in an ongoing manner. Especially in the aspect of evaluating evidence
and data which is the weak point of students in this study.

In addition to low critical thinking skills, the results of observations on the assessment instruments used by
teachers also show that physics problems in class X measurement materials are still dominated by procedural
questions and only measure low-level thinking skills. These questions generally only ask students to memorize
concepts, read the scale of measuring instruments, or make simple calculations, without encouraging students to
analyze, evaluate data, or draw conclusions based on available evidence. In fact, critical thinking skills are one of
the essential competencies in 21st century learning which includes the ability to evaluate information
objectively, formulate arguments logically, and make decisions based on valid and relevant data [31]. This
condition emphasizes the need for the development of assessment instruments that not only measure learning
outcomes, but also are able to stimulate and develop students' critical thinking skills optimally. The findings also
explain why the achievement of evaluation indicators on the essay test was the lowest among the six Facione
indicators: students were rarely faced with questions that required them to assess the adequacy and quality of
measurement data, so these skills were not adequately trained in the daily learning process.

In addition, the results of the observation also revealed that the provision of feedback on students' learning
outcomes has not been carried out optimally. Teachers tend to only give scores or final grades without an
adequate explanation of the location of the mistakes or corrective strategies that can be taken by students. This
condition is less supportive of student learning development, considering that effective feedback is an important
component of formative assessment that can help students understand their strengths and weaknesses, as well as
encourage improvement of learning strategies in the future. As stated by Hernandez Rivero, quality feedback has
been proven to increase learning motivation, encourage self-reflection, and support the sustainable development
of students' critical thinking skills [32]. This lack of descriptive feedback also reinforces the connection between
the second and first findings: without feedback that explains the weaknesses in the evaluation aspect of evidence,
students do not have the opportunity to improve the way they critically assess the data, so weaknesses in
evaluation indicators tend to persist over time.

Another finding that also strengthens the urgency of this research is the use of assessment rubrics that are
not optimal. Although teachers have used rubrics as assessment guidelines, they only function as internal
references and are not communicated to students. As a result, students do not understand the assessment criteria
used and the expected achievement standards, so they cannot reflect and improve their work results
independently. In fact, the openness of the assessment rubric to students is very important to encourage the
creation of transparent and accountable learning [35]. In the context of the development of Liveworksheet-
assisted electronic portfolio assessments, digital rubrics can be embedded directly into the worksheet alongside
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each task, and the platform's comment feature can be used to attach short, indicator-specific written feedback to
individual student responses. In this way, Liveworksheet supports rubric transparency by making the assessment
criteria visible to students before and after they complete an assignment, and supports formative feedback by
allowing teachers to explain, rather than merely score, students' work [37]

Overall, the four findings are interrelated and lead to specific product design decisions. The low
achievement of evaluation indicators is the basis for the preparation of an essay rubric that explicitly contains the
criteria of "the ability to assess the adequacy and validity of measurement data”, not just the criterion of
"accuracy of final answers". The lack of descriptive feedback is the basis for designing the comment/written
feedback feature for each task in Liveworksheet. Meanwhile, the closure of the assessment rubric is the basis for
the decision to insert digital rubrics directly on the worksheet, so that students can access the assessment criteria
in real-time before and after doing the assignment.

Taken together, these findings indicate that the condition of physics learning at SMAN 1 Sungai Tarab
requires innovation in the assessment system. The development of a Liveworksheet-assisted electronic portfolio
assessment on measurement materials is considered a relevant and targeted solution to the problems identified in
the field. This product has the potential to improve the quality of assessment and to support the sustainable
development of students’ critical thinking skills in physics learning, although this potential has not yet been
empirically confirmed through validation or implementation.

It should be noted that this study has limitations, namely that the preliminary study was only conducted in
one class (30 students) in one school, so that the identified needs profile is specific in the context of SMAN 1
Sungai Tarab and cannot necessarily be generalized to the wider student population. In addition, because the
development stage in this study was only carried out until the development stage on the 4D model, the findings
regarding the effectiveness of the product in improving students' critical thinking skills in actual time cannot be
concluded at this stage and require further research up to the stage of large-scale implementation (disseminate).

IV. CONCLUSION

This study shows that students' critical thinking skills at SMAN 1 Sungai Tarab remain low overall, that
current teacher assessment questions do not reflect critical thinking indicators, and that feedback and assessment
rubrics have not been made transparent to students. These findings, obtained through the needs analysis
conducted at the Define stage of the 4D model, establish the empirical basis for developing a Liveworksheet-
assisted electronic portfolio assessment that explicitly integrates critical thinking indicators, a transparent rubric,
and continuous feedback on measurement materials. As the product has only been developed and has not yet
been validated or implemented in the classroom, the primary contribution of this study at this stage lies in
identifying and substantiating this need, rather than in demonstrating improved learning outcomes. Further
research is recommended to validate the instrument with experts, trial it with students, and examine its
effectiveness in supporting critical thinking skills through to the Disseminate stage.
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