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Abstract. Linear motion is one of the basic concepts in
physics, so an assessment that can measure students'
abilities in this material is necessary. The assessments
created by teachers tend to only evaluate students' abilities
in  formula calculations without measuring their
understanding in depth. This research aims to develop
assessments on the topic of linear motion using the evidence-
centered design (ECD) framework. ECD is a framework that
focuses on evidence of students' abilities. ECD consists of
three components: claim, evidence, and task. The process of
developing this assessment uses the research and
development method by following the ADDIE stages:
analysis, design, development, implementation, and

evaluation. Data were collected through interviews with
physics teachers, analyzing teachers’ documents, validating
the assessment, and conducting task trials. The trials were
conducted in two stages: one-to-one trials with one student
and small-scale trials with 10 students. The analysis
techniques included calculating validity using the Aiken
Index, descriptive analysis of student responses in the one-
to-one trial, and small-scale trials. The competencies
measured in the assessment are based on scientific practice,
including using and developing representations, analyzing
and interpreting data, explaining with evidence, and
evaluating information. Each measured competency in the
assessment consists of two essay tasks. The validation
results show that the developed assessment has high validity
with an average Aiken score of 0.97. Teachers can use this
assessment as a reference through stages to develop
assessments that evaluate the achievement of learning
objectives.
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Introduction

Assessment plays a crucial role, especially in physics education. Assessments serve
as a tool to gauge students' comprehension of physics concepts. Additionally, assessments
serve to provide teachers and students with relevant feedback on the collaborative learning
achievements (Kemendikbudristek, 2022). Assessments in physics learning should not only
evaluate students' calculation skills, but also their critical thinking and problem-solving
abilities (Bashooir & Supahar, 2018). Therefore, excellent assessment becomes a necessity
in improving the quality of physics education and equipping students with the skills needed
in the 21st century.

One of the basic and important concepts in physics is the linear motion. Kinematics
of motion, one of the topics in physics education, studies the movement of an object
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without considering the forces causing that motion (Giancoli, 2001). Students'
understanding of kinematics concepts affects almost all concepts in physics and often
becomes a source of errors in the application of more complex physics concepts (Jufriadi
et al., 2023; Poutot & Blandin, 2015). Mastery of kinematic concepts will directly impact
mastery of other physics concepts. A simple example is the relationship between speed
and force in Newtonian mechanics, where misunderstandings in the understanding of speed
can lead to misconceptions about force (Stoen et al., 2020).

Although assessments play a significant role in the learning process, the assessments
given by teachers often do not fully align with the previously established learning
objectives, especially in the subject of kinematics of motion. Assessments often prioritise
calculations and formula usage over the comprehension of concepts. Many students
succeed in calculation problems but still fail to understand the physical meaning of several
kinematic motion concepts, leading to misconceptions (Rahmadani et al., 2023).

An interview with a senior school physics teacher revealed that current assessments
primarily focus on memorizing formulas and simple calculations, failing to assess students'
deep understanding or their ability to apply kinematics concepts in more complex
situations. The analysis of teaching documents further reinforces this finding, revealing
that assessments in several teaching modules used by teachers solely concentrate on
formulas without taking into account the achievement of established learning goals. For
instance, the linear motion questions only require the calculation of speed and acceleration.
This is not enough to assess whether students truly understand the concept of kinematics
or can apply it in everyday life. This issue necessitates an assessment that measures the
achievement of learning objectives and provides clear evidence.

The importance of the concept of kinematics has prompted numerous studies to
investigate and explore learners' understanding and difficulties with the concept (Jufriadi
et al., 2023). However, research on the comprehensive and in-depth design of assessments
remains limited (Bhakti et al., 2023; Pellegrino et al., 2014). For instance, Weisdiyanti &
Juliani's (2023) research concentrates on the general validity, reliability, and differentiation
ability of assessments without delving deeply into their design. Ellianawati et al., (2020)
research reveals that many kinematics assessments still struggle to delve deeply into
students' conceptual understanding. Furthermore, Jufriadi et al. (2023) revealed that
despite the increased use of technology for assessments, a more systematic design is still
necessary to evaluate understanding in kinematics material. Klein et al. (2017) also
uncovered gaps in kinematics assessments, revealing that most assessments solely assess
memory and calculation skills, neglecting to assess deeper abilities that enable the
application of previously acquired knowledge in real-world scenarios. Further research is
necessary to develop assessments that can comprehensively and deeply measure students'
abilities.

One of the solutions related to assessment issues is using evidence-centered design
(ECD). According to Mislevy et al. (2003), ECD is a systematic approach to designing
assessments that focus on concrete evidence of learners' abilities. In ECD, assessments
are designed to collect relevant evidence about students' abilities, so that they can show
students' level of understanding (Bechard et al., 2019; Miftiolu & Sahin, 2024).
Additionally, Haris et al. (2019) revealed that ECD not only assesses understanding in
depth but also provides important information to teachers about learners' progress in
achieving learning objectives. According to Sirait (2024), one of the advantages of ECD is
that evidence of the achievement of learning objectives and learning outcomes has been
identified since the planning stage, making it easier for teachers to measure students'
abilities. In line with this, Bechard et al. (2019) state that ECD helps educators design more
structured and systematic assessments, allowing for a more accurate evaluation of
students' abilities. In designing assessments using ECD, it is important to involve the three
main components: claim, evidence, and task (Mislevy & Haertel, 2007; Newton et al.,
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2021; Steinkuehler, 2011). The established learning objectives establish a connection with
the claims, which represent statements about the competencies under measurement. The
data collected to support the claim is known as evidence, and it encompasses the
knowledge, skills, and abilities necessary to achieve the learning objectives. The questions
are designed to motivate learners to make connections between the claim and the available
evidence, and to delve deeper into their understanding. Therefore, it is crucial to
incorporate these three components into the design of assessments using ECD to
effectively evaluate students' learning achievements (Mislevy et al., 2012).

In formulating learning objectives that are components of claims in ECD, it is
important to integrate them with elements of scientific practice (SP). SP is an approach
that emphasizes the direct involvement of learners in the scientific process (Lager &
Lavonen, 2023; Laverty et al., 2016). In the context of assessment, integrating SP allows
learners to engage directly in the scientific process, which not only tests their knowledge
but also their ability to think critically and solve problems (Duschl & Bybee, 2014).
Integrating SP in assessment provides learners with the opportunity to demonstrate their
understanding of physics concepts through practical application, in line with the principles
of assessment using ECD (Pellegrino et al., 2016). Thus, this research aims to develop a
linear motion assessment using ECD to measure the achievement of learning objectives.

Methods

This research employs the research and development method in conjunction with the
ADDIE development model, which encompasses the phases of analysis, design,
development, implementation, and evaluation (Branch, 2009). The ultimate goal is to
produce a linear motion assessment using ECD. This method involves a qualitative
approach to analyze needs and a quantitative approach to measure the validity of the
developed assessment. This research has only progressed to the development stage
develop, resulting in a valid assessment that can be used to evaluate the achievement of
learning objectives in motion kinematics. Figure 1 shows the steps in the development of
a linear motion assessment using ECD.

This development commences with an analysis phase that encompasses gap analysis,
material analysis, curriculum analysis, and needs analysis with the aim of designing
assessments that are both relevant and effective. The gap analysis shows that physics
assessments generally focus on the use of formulas and calculations without measuring
students' conceptual understanding in depth. The student analysis adjusts the assessment
to the characteristics of 11th-grade high school students, while the content analysis
establishes linear motion as the main concept in this assessment. The curriculum analysis
ensures that the assessment aligns with the merdeka curriculum, supporting the
achievement of deep competencies.

The design stage aims to formulate the specifications of the upcoming assessment.
The steps include defining assessment goals, determining the shape and number of
assessments, designing the components involved in assessments development, and writing
an assessment. Establishing assessment objectives is necessary in this research to ensure
alignment with learning needs and the achievement of learning goals. Learning objectives
are formulated based on SP which refers to science competencies (Saribas & Ceyhan, 2015;
Windschilt, 2018). Next, determining the form and number of assessments. The total of
questions as 8 items in essay form. Establishing the components of the assessment as a
guideline is crucial when designing assessments (Henderson, 2024). The three ECD
components of this assessment are claims, evidence, and task. Claims consist of: (1)
learning outcomes that align with the achievements in the Merdeka Curriculum, specifically
for high school physics subjects regarding linear motion, (2) learning objectives derived
from the learning outcomes and using the SP approach. SP focuses on science
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competencies that emphasize the scientific process experienced by students (Lager &
Lavonen, 2023). The evidence component includes: (1) knowledge, skills, and abilities that
students must possess to achieve learning objectives, (2) evidence, which is an important
element in this assessment and shows that students have achieved the learning objectives.
Task consist of three components: (1) characteristics of the task, dictate the structure,
focus, and use of the questions in a specific context, (2) questions are designed to measure
learning objectives, and (3) scoring guidelines are used to assess and grade students' work
or performance using established criteria.

Analyze |

Gap Analysis Material Analysis Curriculuwm Analysis

¥

* Needs Analysis -

Design

Determining the Shape and
Humber of Assessments

Defining Assessment Gozls ! &

Designing the Components
L Involved in Assessment -
Development

l

Writing an Assessment
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Validicy Test — One-to-one Test ] Small-scale Test

Fte*.ri.ﬁim
i
ASSESSMENT OF LINEAR MOTION

Figure 1. The flow of development of linear motion assessment using ECD

The final step in the design phase is to create the assessment itself. The assessment
is made based on the components that have been created previously. By following these
steps, a structured assessment can be designed to effectively evaluate students'
understanding of linear motion.

In the development stage, it involves assessment validation, one-to-one testing,
small-scale trials, and revisions. Three physics education lecturers and three physics
teachers validated the assessment using a validation sheet, which also included
suggestions and input for improvement. The determination of validity value is carried out
using the Aiken index (Aiken, 1985), which can be calculated using the following formula:

=%; s=r-lg (1)

Following the validation stage, the assessment was revised based on the validators'
suggestions and feedback. Next, one-to-one testing of the assessment is conducted to
evaluate participants' responses to the developed version. Based on the results of the one-
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to-one trial, further revisions are made. The next stage is a small-scale trial involving 10
students. The results of this small-scale trial were then used to make the final revisions to
the assessment.

Results and Discussion

Analysis Stage

In this stage, include gap analysis, material analysis, curriculum analysis, and needs
analysis. The gap analysis aims to identify constraints in the learning assessment. Data
was obtained through interviews with three high school physics teachers. Based on the
interviews, all three expressed that the assessments they conducted tended to focus on
memorization and the use of formulas, making them less capable of measuring the
achievement of learning objectives. The teacher said, "I usually create assessments
without considering the learning objectives I have set beforehand. This could potentially
be an oversight in my assessment creation process. Furthermore, I possess limited
knowledge on how to develop effective assessments that accurately gauge the attainment
of learning objectives.” The module analysis further supports this finding, revealing that
teachers have not yet fully designed their assessments to measure learning objectives. The
ACER, UNESCO Institute for Statistics (2017) study underscores the significance of crafting
unambiguous learning assessments that are in line with educational objectives,
emphasizing the enhancement of learning and teaching outcomes instead of solely
assessing memorization or limited understanding.

The analysis of materials plays a vital role in the development of linear motion.
Kinematics assessments involve a deep understanding of basic concepts related to the
movement of objects, such as position, velocity, acceleration, and the relationships
between linear motion variables. The purpose of these assessments is to gauge students'
proficiency in applying kinematic principles in practical situations, such as resolving issues
involving distance, time, and speed calculations. The material also encompasses an
understanding of both uniform linear motion and uniformly accelerated linear motion
(GLBB). Using the SP, this assessment aims to measure not only students' knowledge but
also their ability to apply the knowledge they already possess (Crawford & Capps, 2018).
Furthermore, curriculum analysis is conducted to align the assessment with the merdeka
curriculum, which establishes learning outcomes such as comprehending one-dimensional
and two-dimensional motion concepts and vector analysis. Thus, this assessment is
relevant to the established learning outcomes.

Finally, a needs analysis is conducted to ensure the assessment supports concept-
based learning, not just rote memorization and formula application. The analysis was
conducted to identify the required product type, taking into account the findings from gap,
material, and curriculum analyses. Based on the analysis results, teachers require an
assessment to guide them in measuring the achievement of learning objectives.

Design Stage

The design phase is the second stage in this research, which aims to develop
assessment specifications. The steps taken at this stage include (1) defining assessments
goals; (2) determining the shape and number of assessments; (3) designing the
components involved in assessment development; and (4) writing an assessment. This
stage is designed to ensure that the assessment not only adheres to quality standards but
also aligns with learning needs. The following section will explain how these steps, with a
systematic approach, support teachers in creating instruments that effectively evaluate
various aspects of learning.

First, defining assessment goals. Teachers can use this assessment as a guide to
create effective instruments that evaluate students' understanding of linear motion and
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optimally measure the achievement of learning objectives. The finding that high-quality
questions, like HOTS questions, can enhance students' critical and creative thinking
abilities, including in understanding kinematics concepts, highlights the importance of
effective assessment (Yuliantaningrum & Sunarti, 2020). Good questions must also be
valid, relevant to the material, and allow for an in-depth evaluation of students' problem-
solving skills (Arifin 2016; Yuliantaningrum & Sunarti, 2020).

Second, determining the shape and number of assessments. The shape of the
questions used is essay questions because this type allows students to develop a deeper
understanding, present arguments in a structured manner, and demonstrate critical and
analytical thinking skills (Brookhart, 2010). In addition, this format allows teachers to
evaluate the thinking process of students, not just the final result, thereby providing a
more comprehensive insight into their conceptual understanding (Santrock, 2011). The
number of questions is designed to be 8 questions that can be completed in 60 minutes.
This number takes into account the cognitive load of the students and the complexity of
the questions, ensuring that students have enough time to read, understand, and answer
each question well (Arikunto, 2012).

Third, designing the components involved in assessment development. The
assessment of linear motion is designed based on the components of evidence-centered
design (ECD), which include claim, evidence, and task. The claims include components
such as learning outcomes and learning objectives. Linear motion learning outcomes are
the same as phase F learning outcomes for grade 11. They require students to understand
one-dimensional and two-dimensional motion concepts and use vectors in their analysis.
SP structure the learning objectives, encompassing seven main components to develop
scientific competence. The focus on using and developing representations; analyzing and
interpreting data; explaining with evidence, and evaluating information. The evidence
component includes the knowledge, skills, and abilities that students must possess to
achieve the learning objectives, with an important element being evidence that
demonstrates success in achieving those objectives. The task component was designed to
measure learning achievements. This component consists of question characteristics,
questions, and scoring guidelines to ensure accurate evaluation.

The final step in this design phase is writing an assessment that aligns with the
intended learning objectives. Each component of the assessment is carefully designed to
measure students' understanding of the taught concepts, ensuring that their responses
accurately reflect their level of competency. This step is crucial in determining whether
students have successfully grasped the material and can apply their knowledge in
meaningful ways. A well-structured assessment not only evaluates students' ability to recall
information but also gauges their capacity to using and developing models, analyzing and
interpreting data, explaining with evidence, and evaluating information critically.
Additionally, the assessment can help educators identify students' learning difficulties,
allowing for instructional strategies to be adjusted to enhance their understanding. Thus,
assessment functions not only as an evaluation tool but also as an integral part of the
continuous learning process. Table 1 provides an example of an assessment framework
specifically designed to evaluate students' ability to assess and interpret information
effectively, demonstrating their level of competency in this area.

Table 1. Example of linear motion assessment components using ECD

Scientific Practice Evaluating Information

Learning Outcomes Students are able to understand the concept of one-dimensional and
two-dimensional motion along with the use of vectors and their
analysis.

Learning Objective Using ticker timer results based on experimental data, students can

evaluate information about the acceleration of toy cars in a linear
motion experiment.
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Knowledge, Skills, and e Understanding the concept of acceleration.
Abilities e The ability to analyze data from ticker timers is available.
e Ability to evaluate information.
Evidence e Students are able to correctly distinguish between constant,
variable, or zero acceleration.
e Students are able to write down the provided information by
distinguishing between true and false information.
Characteristics of the Given information about the concept of acceleration, students are
Task able to evaluate it.

In evaluating students understanding of the materials, assessment components were
designed to measure question characteristics that are crucial. The formulation of each
question must reflect the intended competencies for measurement, for example, in
information evaluation. Therefore, to effectively achieve the measurement objectives, it is
crucial to link each type of question with the appropriate assessment characteristics. A
good question is not only a test of knowledge but also the students' ability to think critically
and solve problems in depth. Figure 2 is an example of a question to assess students'
ability to evaluate information.

Rudy and Rika have just conducted 3 experiments related to linear motion using toy
cars and a ticker timer. Here are the three recorded results of the object's trajectory
on the ticker timer tape.

a)

b)

c)

Based on the three experimental results presented above, Rudy and Rika discussed

the acceleration of the toy car.

Rudy: "From our experiment results, I think the acceleration in picture (a) is positive
because the points are getting farther apart, meaning the cbject's speed is
increasing. In picture (b)), since the distance between the points is always the
same, it means the acceleration is constant. In contrast, picture (c) displayvs a
negative acceleration, as the object slows down as the distance increases.”

Rika: I agree with yvour explanation for images (a) and (c), but I disagree with your
explanation for image (b). In my view, the acceleration in picture B is not
constant but rather zero.”

Rudy: "Why do vou think that?"

Rika: " The object's speed remains constant if the distance along the path remains
the same.” If the object's speed remains constant, its acceleration is actually
zero, not constant.”

Rudy: Oh, do yvou mean that when speed is constant, acceleration is zero?"

Rika: "Exactly. Acceleration only occurs if there is a change in speed, whether it
increases or decreases.”

In your opinion, who is right in this discussion, Rudy or Rika? Explain vour reasoning
using the concept of acceleration!

Figure 2. Example of question for evaluating information

Designing a scoring guide for each student answer is necessary after creating the
assessment. When creating scoring guidelines, it's crucial to clearly list each component of
evidence gathered during the assessment process. This evidence includes all results
obtained by students through the tasks or exams they undertake, which demonstrate their
understanding and ability to apply the concepts learned. The scoring guidelines should
demonstrate the objective measurement of each aspect of learning, including material
understanding, analytical ability, and concept application. By linking evidence components
with scoring criteria, assessments can provide relevant and accurate feedback, as well as
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a clear picture of students' achievement of learning objectives. Table 2 is an example of a
scoring guideline based on evidence.

Table 2. Rubric for scoring students answer in evaluating information competency.

No Evidence Assessment Indicator Maximum
Score
1 Students are able to Students are able to clearly differentiate between 3
correctly distinguish constant, changing, and zero acceleration based on
between constant, ticker timer data.
changing, or zero Students are able to distinguish most og it correctly, 2
acceleration. but there are minor mistakes.
The students are only able to correctly distinguish
one part.
Students cannot distinguish correctly. 0
2 Students are able to Students are able to write down the provided 3
write  down the information by distinguishing between true and false
provided information.
information by Students can analyze information partially correctly, 2
distinguishing but there are errors in the explanation or the
between true and explanation is incomplete.
false information. . .
e Students can analyze inaccurate or incomplete 1
information
e There is no analysis or the analysis is completely 0
wrong.
3 Students are ableto e Students are able to draw conclusions clearly and 3
write the conclusion accurately.
correctly. e The conclusion provided is partially correct, but there 2
are errors in reasoning or it is insufficiently supported
by adequate information.
e The conclusion provided is inaccurate or not relevant 1
to the available information.
e No conclusion is provided or the conclusion is 0

completely wrong.

The assessment of learning objectives achievement reflects the principle that
evaluation should be holistic and encompass various dimensions of understanding,
including the depth of concepts and the analytical abilities of the learners (Brookhart,
2013). With a clear scale, educators can identify areas that need improvement by students,
in accordance with the Kemendikbud (2017) guidelines, which emphasize the importance
of assessment in supporting meaningful learning. Furthermore, this approach emphasizes
the significance of logical reasoning, which can enhance the attainment of learning
objectives as delineated (Arends, 2012).

Development Stage

This stage represents the third phase of the assessment validation process. The initial
step in this stage is to validate the assessment both quantitatively and
qualitatively. According to Sudijono (2016), content validity serves as an objective
parameter, ensuring the accuracy of the assessment's created content, which aims to
measure learning objectives. Three panel validators from high school physics teachers
conduct the first stage of content validity, while three expert validators from physics
education lecturers conduct the second stage. This assessment to be validated so that it
can be used as an effective measuring tool (Sirait et al., 2023a).
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Based on the validation results, the validator provided several suggestions regarding
the developed assessment. The panel validator suggested improvements in the use and
selection of diction, both in the narrative and the question instructions, to make them
clearer and easier to understand. The word "situation" is recommended to be replaced with
"condition" to make the language more familiar. Additionally, the use of double questions,
such as "when and where," should be avoided. It is advisable to separate those questions
into two different instructions so that learners can focus more on answering without
confusion. Expert validators also provided several inputs to refine the assessment. First,
the context of the questions needs to be designed in such a way that the position of the
objects is clearly explained, so that students can accurately understand the relationship
between position, distance, and time. Second, the statements on knowledge, skills, and
abilities must be aligned with the correct concepts, especially in distinguishing between
distance and position, to prevent misunderstandings. Third, vector symbols need to be
written consistently according to scientific notation rules, such as adding arrows to vector
symbols. Lastly, it is recommended to include visual illustrations such as sketches, graphs,
or tables to support the presentation of the questions and to make it easier for students to
analyze the available information.

In the validation process, interviews were conducted with several physics teachers
who served as panel validators in the development of this assessment. In their responses
to this assessment instrument, they highlighted the novelty of reviewing the expected
evidence from the students. This makes the assessment process more focused on what
students are able to present, in accordance with the abilities, knowledge, and skills derived
from the learning objectives. The teacher also expressed appreciation for the use of ECD,
stating, "ECD is an approach that I believe is highly recommended for developing
kinematics assessment instruments because it allows for assessment designs that focus on
gathering evidence of students' abilities." This approach can assess students' abilities in
depth by integrating various types of questions, such as problem-solving and reflection,
which encompass aspects of conceptual understanding and its application in real-life
situations. Additionally, the teacher assesses that the components of SP, such as
developing representations, analyzing data, and evaluating information, are highly relevant
to kinematics material and appropriate for the abilities of 11t-grade students. Overall, the
teacher believes this assessment has great potential to uncover in-depth evidence about
students' abilities in achieving the established learning objectives.

In addition to receiving improvement suggestions, the validators also assessed the
content of the assessment. The scores obtained from the validators were then analyzed
using the Aiken index on the aspects of content, construction, and language. The
calculation results for the content aspect yielded an average Aiken index of 0.98,
categorized as very good. This score indicates that the tested material aligns with the
learning objectives and the chosen concepts. Next, the calculation results for the
construction aspect yielded an average score of 0.98, categorized as very good. This result
demonstrates the concise and clear structure of the created assessment. Then, the
calculation results for the language aspect yielded an average Aiken index of 0.95,
categorized as very good. This score demonstrates the assessment's use of proper and
correct grammar. Based on these three aspects, the overall average Aiken index is 0.97,
categorized as very good. Table 3 shows the content validity scores for each question.

Table 3. The Result of Expert’s Validation

Scientific Practice Question Number Score Category Remarks
Using and Developing Models 1 0.97 Very High Valid
2 0.96 Very High Valid
Analyzing and Interpreting Data 3 0.97 Very High Valid
4 0.98 Very High Valid
Explaining with Evidence 5 0.98 Very High Valid
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6 0.98 Very High Valid
Evaluating Information 7 0.97 Very High Valid
8 0.98 Very High Valid

The content validity results show that all items have a very high validity value, with
an average of 0.97 and a score range between 0.96 and 0.98. All assessment items are
declared valid and fall into the "very high" category (Aiken, 1985). High content validity
indicates that the assessment items are significantly relevant to the learning objectives
being measured, and this aligns with the principle of validity in assessment design, which
emphasizes the match between the assessment and the expected competencies (Sirait et
al., 2023; Widodo, et al., 2021). With very high validity, this assessment can be relied
upon to measure students' ability to understand kinematics concepts accurately.

After going through the validation and revision process, the revised assessment was
then tested in a one-to-one trial with one student within 60 minutes. The purpose of this
trial is to evaluate students' responses to the questions that have been prepared, as well
as to assess the adequacy of the time allocated for completing all the questions (Sugiyono,
2017). According to Apriyani et al. (2020), one-to-one testing is very important for
identifying potential issues that may arise in the assessment, including question
comprehension and the allocated working time. The trial results show that students can
understand the questions well, but some questions are still considered complicated,
especially those that require deeper analysis or lengthy calculations. This is due to the still
insufficient understanding of linear motion. In terms of time, students feel that 60 minutes
is sufficient to complete the assessment.

Based on the results of the one-to-one trial and student response questionnaires, this
assessment is deemed suitable for a small-scale trial involving 10 eleventh-grade students.
The purpose of this small-scale trial is to re-evaluate the effectiveness of the questions and
the time required to complete them under more representative conditions (Sirait &
Oktavianty, 2021). After the trial, students were given a questionnaire focusing on clarity
of instructions, the use of terms in the questions, the clarity of the questions, and aspects
of time adequacy. Clarity of instructions refers to the extent to which the directions in the
questions can be well understood by students, so they do not encounter difficulties in
following the solution steps. The use of terms in the questions assesses whether the terms
used are in accordance with the concepts that have been learned and do not cause
confusion. The clarity of the questions relates to how the questions are designed to be
unambiguous and easily understood. The aspect of time adequacy refers to the extent to
which the given time is sufficient to complete all the questions without rushing or running
out of time.

The survey results indicate that students stated that the instructions in the questions
were clear, the terms used were easy to understand, and the questions were presented
well without ambiguities that could hinder comprehension. However, in terms of time
adequacy, the survey results provided after the small-scale trial showed that 9 out of 10
students felt that the 60 minutes given was sufficient to complete all the questions. They
feel that they can work on the questions carefully within the available time. However, one
student expressed that the given time was not sufficient because some questions took
longer to understand and complete well. The level of difficulty of the questions and the
speed of each student in completing them can affect the differences in students'
perceptions of the sufficiency of time. In addition to receiving feedback from students
regarding the assessment that has been prepared, teachers also gain an overview of their
answers. Through those answers, the teacher can analyze the extent to which the
established learning objectives have been achieved. As an example, Table 4 shows the
average scores obtained from a small-scale trial.
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Table 4. Analysis of the scores obtained from the results of a small-scale trial

s . Question Average Maximum Score obtained
Scientific Practice

Number Score Score (%)

Using and Developing Models 1 9.9 12 82.5
2 8.6 12 71.6

Analyzing and Interpreting Data 3 6.6 9 62.2
4 7.9 9 87.7

Explaining with Evidence 5 10.6 12 81.5
6 8.7 12 72.5

Evaluating Information 7 8.3 9 92.2
8 8.2 9 91.1

Based on the Table 4, the evaluating information skill achieved the highest result,
with question number 7 reaching 92.2%. This indicates that students have a very strong
ability to assess and interpret information critically and draw accurate conclusions based
on the given data. On the other hand, the analyzing and interpreting data skill in question
number 3 obtained the lowest percentage, 62.2%, suggesting that students still struggle
with effectively analyzing and interpreting data. This difference highlights the need for
improvement in data analysis skills, while the ability to evaluate information is already
quite strong.

This finding is also reflected in the overall achievement of learning objectives, which
is categorized into three levels based on the total score obtained. Students with high scores
(80-100%) are considered to have successfully achieved the learning objectives,
demonstrating a strong understanding, accurate answers across all indicators, and well-
structured reasoning. Those with moderate scores (50-79%) have sufficiently met the
learning objectives, showing a basic understanding, though some weaknesses remain in
analysis or reasoning. Meanwhile, students with low scores (0-49%) have not yet achieved
the learning objectives, as their answers still contain significant conceptual errors,
inaccurate analyses, and reasoning that does not fully support their understanding.

Besides score analysis from the small-scale trial, data on students' ability to answer
questions was also collected, as shown in Table 5.

Table 5. Number of students based on their ability to answer the questions
Value Range

Question Number High Moderate Low
(80-100%) (50-79%) (0-49%)
1 7 3 0
2 2 8 0
3 1 7 2
4 7 3 0
5 8 2 0
6 5 4 1
7 8 2 0
8 8 2 0

Based on the Table 5, the highest achievement of learning objectives is seen in
questions 5, 7, and 8, with 8 students falling into the high category (80-100%), indicating
a strong understanding. Conversely, question 3 has 2 students in the low category (0-
49%), suggesting difficulties in analysis. The majority of students are in the moderate
category (50-79%), especially in questions 2 and 3, indicating a sufficient understanding
but with some shortcomings in analysis. Overall, the achievement of learning objectives is

Hulu et al.: Development of Linear Motion Assessment Using...... | 59



fairly good, but there is a need to strengthen concepts in questions requiring deeper
analysis.

After the trial of the questions, an intriguing finding was that the students wrote very
clear answers and provided supporting evidence. The development of linear motion
assessments using the ECD approach helps students focus on how to present evidence
when answering, making their responses more directed and easier to understand. These
findings indicate that the ECD approach can make assessments more more valid in
measuring students' understanding.

This assessment is only at the development stage and has not yet reached the testing
phase for a wider scale. It is hoped that this assessment can serve as a useful reference
for teachers in designing and developing more effective assessments. The assessment
developed aims to provide clear and structured guidance in evaluating students'
understanding while also facilitating a more in-depth evaluation of abilities and skills
relevant to learning objectives. Thus, teachers can more easily assess students' learning
outcomes and adjust appropriate teaching strategies.

Conclusion

This research successfully developed a straight-line motion kinematics assessment
based on ECD to improve the quality of physics learning evaluation. This assessment is
designed using the ADDIE approach, which includes the stages of analysis, design, and
development to comprehensively measure students' conceptual understanding. The
validation results show a very high level of validity with an average Aiken index score of
0.97, while the assessment trial indicates that this instrument is suitable for evaluating the
achievement of learning objectives and exploring students' deep understanding. With these
results, this ECD-based assessment can serve as an appropriate instrument to measure
the achievement of learning objectives more accurately. In addition, this assessment can
serve as a reference for teachers in developing more structured, relevant evaluations that
align with 21st-century skills. This research has only reached the development stage, so
further studies are needed to test the effectiveness of the assessment in various learning
contexts, evaluate its implementation in the classroom, and analyze its impact on students'
understanding and achievement of learning objectives.
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