Asian Journal of Science Education e-ISSN 2715-5641
Vol. 6. No. 1, April (2024) 11 - 25 DOl doi.org/10.248/ajse.v5i2.35480

Asian Journal of Science Education

Journal homepage: https://jurnal.usk.ac.id/AJSE

Effectiveness of Assessment for Learning Instruments in Project-based Physics
Learning to Measure Collaboration and Problem-Solving Skills

Syahnaz Gustianne Dwinda®, Undang Rosidin?, Kartini Herlina®*

123pepartment of Physics Education, University of Lampung, Bandar Lampung — Indonesia

ARTICLE HISTORY. ABSTRACT.

In general, the assessment model used by teachers in teaching
Submited : 22 November 2023 only revolves around summative assessment, thus students
Reviewed : 23 November 2023 cannot use it to identify the strengths and weaknesses of their
Revised : 06 Desember 2023 skills in learning activities. This study aims to determine the
Accepted : 06 March 2024 effectiveness of the Assessment for Learning instrument in
Publication : 25 April 2024 project-based physics learning to measure collaboration and
Avaible Online : 25 April 2024 problem-solving skills. The research design utilizes a pretest-

posttest control group design. The population for this study
KEYS WORDS | includes all second-semester eleventh-grade science students,
Assessment for Learning (AfL), with the sample comprising eleventh-grade science 3 as the
Project Based Learning, experimental group and eleventh-grade science 4 as the control
Collaboration  Skills,  Problem group selected through random sampling technique. The
Solving Skills. instruments used include the Assessment for Learning learning

assessment instrument and assessment to evaluate and improve

CORRESPONDENCE AUTHOR students' collaboration and problem-solving activities. Data
collection techniques involve observation and questionnaire

*E-mail: collection. Data are analyzed using descriptive statistical data

kkartini.herlina@gmail.com analysis and inferential statistics. The hypothesis testing results
of collaboration and problem-solving skills indicate differences
in collaboration and problem-solving skills between the
experimental and control classes in project-based physics
learning. It is concluded that assessment using AfL in project-
based physics learning is effective in measuring collaboration
and nrohlem-snlvina ahilities as it exceeds classical masterv

INTRODUCTION
The state of education in Indonesia has not yielded satisfactory outcomes, as evidenced by indicators
such as the 2015 PISA (Program for International Student Assessment) results score data on literacy
levels, including aspects of reading, mathematics skills, and science skills, which are still at the
bottom of the top 10, namely ranked 62 of the 72 member countries of the Organization for Economic
Cooperation and Development (OECD) so it is necessary to apply skills that support changes in the
world of education to be able to compete and improve students' learning skills, especially in the field
of literacy. 21st-century skills in education consist of 6C, including critical thinking, collaboration,
communication, creativity, citizenship/culture, and character education/connectivity (Miller, 2015).
This 21st-century learning approach is student-centered and adapted to the 21st century learning
paradigm by emphasizing that students have thinking and learning skills, including collaboration and
problem-solving skills.

Collaboration skills have advantages compared to doing work individually because there is an
the effective division of tasks, the integration of diverse information from multiple knowledge
sources, perspectives, and experiences, as well as the enhancement of creativity and the quality of
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solutions through stimulation by other group members (Child & Shaw, 2016). Various empirical
findings indicate that school-age children's critical thinking, problem-solving, communication, and
collaboration skills are still relatively low (Ayu et al., 2018). Therefore, collaboration skKills,
especially in the learning process, need attention so that they become a habit for students in everyday
life and academics. Apart from collaboration skills, another 21st-century skill is problem-solving
skills. Problem-solving skills are fundamental skills that every student needs to have in the hope that
students will become accustomed to solving or dealing with problems given by teachers with various
forms of problems (Mariam et al., 2019). In physics learning, students' solving skills are still
categorized as low because when students are given questions, they often directly use mathematical
equations without carrying out analysis, guess the formulas used, and memorize examples of
previously worked-on questions to then work on other questions (Azizah et al., 2015). Apart from
that, students also experience difficulties if the physics problems they face require equation analysis
so that certain equations are obtained that are appropriate to the conditions of the problem they are
facing (Merisa NS et al., 2020). As a result, students become less able to solve problems and lack the
skills to develop their skills (Suryani et al., 2020). So, there is a need for an assessment method or
model to monitor the development of students' skills, especially collaboration and problem-solving
skills.

In general, the assessment model teachers use in learning is limited to summative assessment
(Khoiriah et al., 2020), so students cannot use it to determine the strengths and weaknesses of their
skills in learning activities. Assessment for Learning is used during the learning process to improve
students' cognitive learning outcomes and is very helpful in enhancing students' learning skills
(Karimah et al., 2020). Assessment for Learning (AfL) impacts student learning outcomes and
students are actively involved during the learning process to make learning activities enjoyable
(Mulyana et al., 2021). The old teaching method was carried out with a monotonous learning process
such as listening, taking notes, asking several guestions, and discussing, and the lack of active role of
students tended to result in students becoming passive learners. So, it is necessary to choose the right
method or strategy in teaching so that the learning process can take place effectively and be enjoyable.
The product produced is by inviting students to carry out practical activities that require students to
work actively and increase students' interest in learning physics (Hamid et al., 2023).

Project-based Learning (PBL) is an instructional approach that empowers students to develop
real-life skills. In PBL, students are actively engaged in the learning process, utilizing a variety of
skills to solve authentic problems (Ghosheh Wahbeh et al., 2021). In project-based learning, student
activities are designed to foster curiosity, leading students to explore genuine learning concepts.
Additionally, students are encouraged to organize and plan their learning process, thereby fostering
interest and active participation in learning activities. Collaboration is also encouraged, providing
students with opportunities to think independently and collectively. This approach ensures that the
acquired knowledge is not only easily remembered but also impactful and enduring (Safriana et al.,
2022). The stages of the Project Based Learning learning model used in this research adopt Colley
(2008) with six project-based learning cycles: orientation, identifying and defining projects, planning
projects, implementing projects, documenting and reporting project findings, evaluating and taking
action.

The research objectives consist of 2 objectives, to know the effectiveness of Assessment for
Learning (AfL) assessment instruments in project-based physics learning to measure collaboration
skills and the effectiveness of Assessment for Learning (AfL) assessment instruments in project-based
physics learning in measuring problem-solving skills.

RESEARCH METHODS

Research Approach

This research design uses an experimental design with a pretest-posttest control group design. In this
research design, the observed group will be given a pretest-posttest before and after being given direct
treatment by applying an AfL assessment during the physics learning process using a project-based
learning model by observing collaboration and problem-solving skills.
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Research Participants

The population in this study were all students in 11th-grade Science, even the 2022/2023 academic
year semester at the school where the research took place, namely, Public Senior High School 15
Bandar Lampung. The total population is four classes, with each class having 35 students. Sampling
from the population used a simple random sampling technique, where the sample was determined
based on the advice of the study teacher and according to the needs of the researcher, namely two
classes from the existing population with division into one experimental class, namely 11th-grade
Science 3 and one control class, namely 11th grade Science 4.

Research Instruments
The research instruments used in this research are as follows.

1. Teacher Questionnaire Instrument

This instrument is used when conducting preliminary studies to obtain initial information, which is the
focus of the problems raised in this research. The instruments were given to physics teachers at the
Senior High School, which was used as the research location. The aspects analyzed from this
questionnaire are: (1) learning process and assessment; (2) assessment of students' collaboration
skills; (3) assessment of students' problem-solving skills; (4) the need for instrument implementation.
This instrument consists of 26 statement items with four scales provided, namely always, often,
sometimes, and never, and for the statement of instrument implementation using a scale of strongly
agree, agree, disagree, and strongly disagree.

2. Indicators of Assessment Instrument

Assessment instruments include an instrument for assessing student collaboration skills adapted from
(Franker, 2018) and an instrument for assessing problem-solving skills adapted from (Diawati, 2018),
which has been validated. The following are the instrument indicators used, namely:

a. Collaboration Skills Assessment Instrument
This instrument consists of 11 aspects of collaborative observation, as shown in Table 1.

Table 1. Aspects of observing students' collaboration skills

No. CoIIAaEF?;;tlon Observation Aspect %
(@) ) ®) (4)
1. Focusontasksand 1.Students focus on the task and do the part that needs to be done
participation. yourself.
2. Students provide ideas and efforts within the group and provide
encouragement and support for the efforts of others in the
group.
2.  Dependency 3. Students discuss and complete group work on time.
between members 4. Students could follow up on assigned tasks, not depend on
and others when carrying out tasks, and be responsible for tasks that
responsibilities are distributed equally.
3 Listen, ask 5. Students can listen, interact, discuss, and ask questions well to
questions, and fellow group members during discussions and help the group
discuss achieve project goals.
4. Find out and share 6. Students collect reference information and share and develop
information. ideas that can be useful when participating in group discussions
to achieve project goals.
5. Solutionto 7. Students actively seek and suggest solutions to problems in the
problem group.
6. Teamwork 8. Students can work together to make the necessary agreements

within the group to achieve project goals.
9. Students have a positive attitude towards other people's tasks
and work
10. Students make equal contributions to the project by completing
group assignments
11. Students always carry out their assigned roles in the group and
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Collaboration . Score
No. Aspect Observation Aspect 32 10
(@) ) @) (4)
provide knowledge, opinions, and skills that are shared within
the group

(Franker, 2018)

This instrument is used to measure students' collaboration skills in the experimental class during the
learning process in project-based physics learning (Assessment for Learning), and to measure
students' collaboration skills in the control class after the end of the learning process (Assessment of
Learning).

b. Problem-Solving Skills Assessment Instrument
This instrument consists of 5 items on the problem-solving skills aspect, which are then divided into
11 observation aspects as in Table 2

Table 2. Aspects of observing problem-solving skills

Problem-Solving Score

No. Aspects Observation Aspect 7 3 2 1
(1) ) ®) (4)
1. Contribute to 1. Students can write relevant and varied problem formulations
formulating project ~ 2.Students can write a formulation of an idea relevant to the
problems and ideas project objectives
2. Actively discuss 3. Students can describe tool modification procedures, correct
project design. concepts, and relevant ones.
4. Students can detail a list of materials and tools in appropriate
quantities and adequate and relevant materials.
5. Students can draw equipment designs using concepts
correctly.
3 Understand the 6. Students can explain the function of each tool component
function and 7. Students can explain the working principles of each tool
principles of the tool component
8. Student capable explains the principle of operation of the
tool in the design
4. Work together to 9. Students capable of assembling tools in a compact and
assemble tools attractive way
creatively.
5. Skills to solve 10. Student capable test to prove that the tool can work

problems by testing 11. Students can test to prove that tool design is easy to do
tools and evaluating
work

(Diawati et al., 2018 )

This instrument measures students' problem-solving skills in the experimental class during the
learning process in project-based physics learning (Assessment for Learning) and students' problem-
solving skills in the control class after the learning process (Assessment of Learning).

Data Collection

The data collection technique in this research uses quantitative descriptive methods.
Descriptive, namely by conducting observations at the research location school and teacher
questionnaires collected to obtain information, then the researcher explains the situation under study.
Meanwhile, quantitative analysis is used to measure data using research instruments. The
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questionnaire used to collect information was a teacher questionnaire that was submitted when
conducting a preliminary study.

This teacher questionnaire consists of 26 statement items with four scale options for 24
statements, namely: (1) very often, (2) often, (3) sometimes, and (4) never. Meanwhile, two other
statements regarding the implementation of the instruments studied used four scales, namely: (1)
strongly agree, (2) agree, (3) disagree, and (4) strongly disagree. Observations of students were
carried out using an Assessment for Learning (AfL) instrument for the experimental class and an
assessment of learning (AoL) for the control class. This assessment instrument has a special function:
measuring students' collaboration and problem-solving skills during treatment using PjBL.

The assessment indicator items contained in the instrument for collaboration skills are
composed of 6 items. They are divided into 11 aspects of observation, while problem-solving skills
comprise 5 aspects of assessment and are divided into 11 observation aspect items with assessment
option categories that can be translated, and this instrument has been validated.

Data Analysis

This research uses two data analysis techniques: descriptive statistical data analysis and inferential
statistics. Descriptive statistical analysis describes or depicts data obtained by researchers in the field.
In contrast, inferential analysis is a form of quantitative data analysis that analyzes the sample data
obtained and then draws conclusions through statistical formulas.

1. Descriptive Statistical Data Analysis

Descriptive statistical data analysis determines the data's characteristics, including calculating the
average value, median, variant value, lowest value, and highest value. This analysis was carried out to
determine classical completeness and individual completeness from the experimental class. The
teaching and learning process is effective if > 85%students have completed the specified individual
learning mastery in the class. Learning completion is adjusted to the school where the research
occurred, namely 15 Senior High School Bandar Lampung, with an individual completion score of
75.00. The percentage of classical completeness can be calculated using the following formula.

_ XTotal of students complete

0,
XTotal of students * 100%

Information:
P = Percentage of classical completion

2. Inferential Statistical Data Analysis

a. Kolmogorov-Smirnov Normality Test

The principle of the Kolmogorov-Smirnov test is to compare the normal distribution of the data to be
tested with the standard normal distribution so that it is known whether the data is normally
distributed. The Kolmogorov-Smirnov test was carried out using SPSS 26.0 software. The basis for
drawing conclusions can be done by comparing Asymp. Sig. or significance with the commonly used
significance level, namely @ = 0,05. The guidelines for concluding this test are in Table 5.

Table 3. Normality test criteria

Criteria Description Interpretation
a < 0,05  Asymp. Sig. or significance less or equal to 0.05 Data is not normally distributed
a > 0,05 Asymp. Sig. or significance more than 0.05 Data is normally distributed

(Nasrum, 2018)

b. Homogeneity Test
The homogeneity test in this study used IBM SPSS 26.0 software. Suppose the data test results
obtained are homogeneous. In that case, the data can be subjected to parametric statistical hypothesis
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testing. Still, if the data obtained is not homogeneous, parametric tests cannot be carried out but non-

parametric tests. The homogeneity test results can be interpreted by looking at the following

significance values.

a) If the sig value. < 0,05, then it is said that the variants of two or more population groups are not
homogeneous.

b) If the sig value. > 0,05, then it is said that the variants of two or more population groups are not
homogeneous.

c. N-Gain Score Test

The normalized gain test (N-Gain) is conducted to assess the improvement in students' cognitive
learning outcomes following treatment. This improvement is measured by comparing the pretest and
posttest scores obtained by students. N-Gain is calculated by comparing the actual gain score, which
is the difference between pretest and posttest scores, with the maximum possible gain score that a
student can achieve. The research results were tested using normalized gain values, namely the
comparison between the actual average growth and the maximum possible average growth, namely
with the formula (Sugiyono, 2014).

. Post test score — Pre test score
N — Gain =

100 — Pre Test score
The N-Gain value criteria with progress categories are as follows:

Table 4. N-Gain score category

N-Gain Score Category
N — Gain = 0,70 High
0,70> N — Gain > 0,3 Medium
N — Gain < 0,3 Low

The categories for obtaining an interpretation of Ngain's effectiveness in percent are stated as follows
in Table 5.

Table 5. Categories of interpretation of N-Gain effectiveness (%)

Percentage (%) Interpretation
<40 Ineffective
40 -55 Less effective
56 — 75 Effective enough
> 76 Effective

d. Independent Sample T-Test

The independent sample t-test is a comparative test or difference test to determine whether there is a
significant difference in the mean between two independent groups. The two independent groups in
question are unpaired or the data sources come from two subjects. Decision-making from Independent
Sample T-test data testing, namely:

a) If sig. > 0.05 then Hy is accepted and Hj is rejected

b) If sig. < 0.05 then Hy is rejected and Hj is accepted

3. Hypothesis test

Hypothesis testing is carried out through the Independent Sample T-Test if the data being tested is
normally distributed and homogeneous. This test aims to prove that there is a difference in the average
score of collaboration and problem-solving skills of students who are given certain
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treatment. This test will be carried out using IBM SPSS 26.0 software. The hypothesis that will be
tested is as follows.

1) Variable hypothesis Y ( collaboration skills students )

Ho : There is no difference in students' collaboration skills in experimental classes that use the
Assessment for Learning (AfL) instrument and classes that use Assessment of Learning (AoL)
for project-based physical learning.

H;: There is a difference in students' collaboration skills in experimental classes that use the
Assessment for Learning (AfL) instrument and classes that use Assessment of Learning (AoL)
for project-based physical learning.

2) Variable hypothesis Y, (problem-solving skills students )

Ho: There is no difference in students' collaboration skills in experimental classes that use the
Assessment for Learning (AfL) instrument and classes that use Assessment of Learning (AoL)
for project-based physical learning.

H.: There is a difference in students' collaboration skills in experimental classes that use the
Assessment for Learning (AfL) instrument and classes that use Assessment of Learning (AoL)
for project-based physical learning.

According to (Reni et al., 2021), decision-making criteria are based on skills values for a two-sided

test, namely:

a) If the sig value. or significance < 0,05 then Hy is rejected and H; is accepted.

b) If the sig wvalue. or significance > 0,05 then H, is accepted and H; is rejected.

RESULTS AND DISCUSSION

Results Data

1) Descriptive Data Results
This research uses non-test techniques, namely by observation. The following is a descriptive data
analysis of the research results, which can be seen in Table 6 and Table 7.

Table 6. Descriptive data of collaboration skills results

Parameter Experimental Class Control Class
Average 81.12 75.14
Median 81.8 75.00
Variance 91.85 78.66
Std. Deviation 9.58 8.87
Lowest Value 54.54 60.00
The highest score 100.00 90.00

Table 6 shows that the average collaboration skills score for the experimental class is greater
than the average result for the control class. Meanwhile, the standard deviation of the experimental
class is greater than that of the control class.

Table 7. Descriptive data of problem solving skills results

Parameter Experimental Class Control Class
Average 80.32 73.93
Median 79.54 75.00
Variance 53.14 86.13
Std. Deviation 7.29 9.28
Lowest Value 59.09 56.25
The highest score 97.73 93.75

Table 10 shows that the average results of the assessment of problem-solving skills in the
experimental class are greater than those in the control class. Meanwhile, the standard deviation of the
experimental class is smaller than that of the control class.
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2) Normality Test Results
The normality test results for experimental and control class data can be seen in Table 8 and Table 9.

Table 8. Collaboration skills normality test results

Class Sig. Information
Experiment 0.055 Normally distributed
Control 0.052 Normally distributed

Table 8 shows that the collaboration skills scores in the experimental and control classes are
normally distributed, where the Sig. of the experimental class and control class have a value of
> 0,05. Both data meet the requirements for the Independent Sample T-Test.

Table 9 . Normality test results for problem solving skills

Class Sig. Information
Experiment 0.200 Normally distributed
Control 0.057 Normally distributed

Table 9 shows that the normality test scores for problem solving skills in the experimental and control
classes are normally distributed, where the Sig. > 0,05. Both data meet the requirements for the
Independent Sample T-test.

3) Homogeneity Test Results
The homogeneity test results on the students' collaboration skills scores can be seen in Table 10 and
problem-solving skills in Table 11.

Table 10. Collaboration skills homogeneity test results
Levene Statistics dfl df2 Sig. Interpretation
0.095 1 68 0.759 Homogeneous

In Table 10, the Sig value is shown. The homogeneity test results in the experimental class and
control class > 0,05 were 0.759, so it can be said that the data is homogeneous. The Independent
Sample T-Test can be carried out because the data is normally distributed and homogeneous.

Table 11. Results of the homogeneity test for problem solving skills
Levene Statistics dfl df2 Sig. Interpretation
3,072 1 68 0.084 Homogeneous

Table 11 shows that the Sig. The results of the homogeneity test of problem-solving skills in
the experimental and control classes > 0,05 were 0.084, so it can be said that the data is
homogeneous. The Independent Sample T-test can be carried out because the data is normally
distributed and homogeneous.

4) Hypothesis Test Results
Test results can be seen in Table 12.

Table 12. Independent sample t-test results for collaboration skills

Class N Mean S.D T Sig (2-tailed) Interpretation
Experiment 35 81.1166 9.58378 2707 0.009 There is a diff
Control 35 751429  8.86879 : ere s a ditierence.

Table 12 shows the results of the Independent Sample T-test Sig value. (2-tailed) < 0,05 then
Ho is rejected and Hj is accepted. Decision-making means that there are differences in students'



19 Dwinda, S. G., Rosidin, U., Herlina, K

collaboration skills in the experimental class, which uses the AfL instrument, and in the control class,
which uses AoL for project-based physics learning.

Table 13. Independent sample t-test results for problem-solving skills

Class N Mean S.D Q Sig (2-tailed) Interpretation
Experiment 35 80.3211 7.29001 . .
Control 35 73.9286 9.28086 3,205 0.002 There is a difference.

Table 13 shows the results of the Independent Sample T-test Sig value. (2-tailed) < 0,05 then
Ho is rejected and H; is accepted. Decision making means that there are differences in students'
problem-solving skills in the experimental class, which uses the AfL instrument, and in the control
class, which uses AoL for project-based physics learning.

5) N-Gain Test Results

The N-Gain test results were carried out on the Pre-test and Post-test results using SPSS 26.0
software. This test was carried out to determine the increase in students' cognitive learning outcomes
after being given treatment. Data from the N-Gain test results can be seen in Table 14.

Table 14. Pretest and posttest n-gain test results
Mean Pre-  Mean Post- Mean Maks. Min. N-

Class test test N-gain N-gain gain it gl sl
Experiment 54,51 86,23 70.20 93.94 59.62 Effective enough
Control 51,1 74,31 45.56 62.69 13.51 Less effective

Table 14 shows that the average N-Gain in the experimental class is 70.20%, categorized as
high and declared quite effective according to the category of N-Gain effectiveness interpretation,
while in the control class, the average N-Gain value is 45.56%. Moderate category and interpreted as
less effective.

The average N-Gain data is interpreted to mean that learning activities using assessment for
learning have a quite effective impact compared to assessment of learning, which is less effective.
Project-based learning and assessment systems during the learning process impact measurable student
learning outcomes and increase students' problem-solving skills.

Class Classical Completeness Result
Class Classical Completeness can be seen in Table 15

Table 15. Class classical completeness

The number The complete The number of Classical
Skills Class number of students is
of students ; completeness
students incomplete
Collaboration  Experiment 35 30 5 85.71%
Control 35 19 16 54.29%
Solution to Experiment 35 32 3 91.43%
problem Control 35 21 14 60%

Table 15 shows the classical completion of the collaboration and problem-solving skills scores
of students in the experimental and control classes. The experimental class obtained collaboration and
problem-solving skills scores that exceeded classical completeness, where in collaboration, 30 out of
35 students completed the score with a percentage of 85.71% and 32 out of 35 students completed the
problem-solving skills with a percentage of 91.43%.
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Discussion

1) Collaboration Skills

During the project-based physics learning process, observations were made of the learning outcomes
of students' collaboration skills,,andwere ationresearch resultsts show that classical completeness in
the application of assessment using the AfL instrument in the experimental class has exceeded the
minimum classical learning criteria, namely 85%. So it can be said that the At is considered
effectivinilearningearning. This result is in line with the research results of Oyinloye & Imenda
(2019), which state, which state that the application of AfL in teaching and learning activities is
considered effective. The achievement of classical completion of students' collaboration skills can be
seen in Figure 1 below.

» 100,00%

(@)

©

5 5

o 5000% 85.71%

Q 54,29%
2 0,00%

o Experiment Control

Class

Figure 1. Achievement of classical completion of collaboration skills

Figure 1 shows that classical completeness in the collaboration skills of the experimental class
has far exceeded the minimum completeness and is more significant than classical completeness in
the control class. This difference can occur because during the learning process, AfL places more
emphasis on the use of feedback in learning activities used by students to find out the potential of
each student in facing their learning. Supported by Mumpuni & Ramli (2018), who stated that
feedback in assessment activities is essential because students and teachers can use it to improve the
quality of learning.

The results of the hypothesis test on students' collaboration skills through the Independent
Sample T-test show a value of Sig. (2-tailed ) is 0.009 < 0,05, then H, is rejected and H; is accepted.
Decision-making based on these values shows that there are differences in students' collaboration
skills between classes that use the AfL instrument and classes that use the AoL instrument when
learning project-based physics. Integrating project-based physics learning methods with AfL will
make the assessment process of collaboration skills more effective. This is supported by Setiawati et
al. (2019), who stated that forms of formative assessment, including presentation assignments,
projects, and quizzes, are a form of assessment for the learning process.

The collaboration skills assessment consists of 11 sub-indicators with varying assessment
results indicating various levels of student skills. The AfL assessment results for each experimental
class sub-indicator can be seen in Figure 2 below.

100,00%
80,00%
) ) 0 0, 94%
§ 60,00% 76%76%91/078%90A)77%75%76% 78% 79%
c 40,00%
© 20,00%
2 0,00%
%) ™ o A S Q
§ QQ&\QQC}%QGC‘;’)‘QQQ QQ‘\%Q@ Q@ Qe» Qea&o,@cl‘\ 06‘\\
S S
W S S S

Assessment aspect

Figure 2. Percentage graph of collaboration AfL assessment results
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Figure 2 shows the percentage of AfL assessment results on experimental class collaboration
skills. It can be seen that the average collaboration skills of students is highest in assessment sub-
indicator number 9, namely 94%, which means that 94% of students have a positive attitude about
assignments and work. Other people, while the lowest percentage is the assessment in the 7th sub-
indicator of 75%, which means that 75% of students are actively looking for and suggesting solutions
to problems. The percentage produced in the AfL results is relatively large, which proves that there is
good collaboration in the experimental class, in line with research by Care et al. (2016), which states
that paying attention to perspectives and respecting other people's understanding can create better
team coordination between members.

The AoL collaboration skills assessment consists of 5 indicators with varying assessment
results indicating various levels of student skills. The AoL assessment results for each experimental
class sub-indicator can be seen in Figure 3 below.

95,00%

90,00%

85,00% 91% _—
80,00%

75,00%

70,00% 76% 76% 78%

65,00%

Pass percentage

Aspectl Aspect 2 Aspect3 Aspect4 Aspect5
Assessment aspect

Figure 3. Percentage Graph of Collaboration AoL Assessment Results

Figure 3 shows the results of the AoL assessment for collaboration skills in the control class. It
can be seen that the highest average collaboration skills of students is in assessment sub-indicator
number 4, namely 89% with the assessment of students listening to opinions and helping others, while
the lowest percentage is assessment in sub-indicator number 5 it was 57% with assessment of students
looking for various sources and recording information.

2) Problem-Solving Skills

Observations of problem-solving skills were carried out simultaneously with collaborative
observations, that is, during the learning process, the results were analyzed descriptively. The research
results show that classical completeness in the use of the AfL instrument in the experimental class has
exceeded the minimum criteria for classical learning completeness. The achievement of classical
completeness in problem-solving skills can be seen in Figure 5.

100,00%
80,00%
60,00%
40,00% 91.43%
20,00%
0,00%

60,00%

Pass Percentage

Experiment Control
Class

Figure 4. Achievement of classical completion of problem-solving skills

Figure 4 shows that classical completeness in the problem-solving skills of the experimental
class exceeds the minimum completeness and is greater than classical completeness in the control
class. This difference occurs because, during the learning process, AfL places greater emphasis on
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the use of feedback and is directed at being able to solve the problems faced by gaining new
understandings through searching for information and discussions to come up with solutions in the
learning activities used by students so that they can find out their potential in facing learning in line
with Purnamasari & Setiawan (2019), who stated that problem-solving is the first step for students to
develop new ideas in building new knowledge and developing new mathematical skills. Such a
process can stimulate students to find solutions from various points of view.

The hypothesis test results on students' problem-solving skills carried out through the
Independent Sample T-test showed Sig. (2-tailed) is 0.002 < 0,05, then Hy is rejected and H; is
accepted. Decision-making based on these values shows differences in students' problem-solving
skills between classes that use the AfL instrument and classes that use the AoL instrument when
learning project-based physics.

The assessment of problem-solving skills consists of 11 assessment sub-indicators with
assessment results showing various levels of students' skills. The AfL and AoL assessment results for
each experimental class sub-indicator can be seen in Figure 5.

120,00%
2 100,00%
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60,00% 0, 0/, 750 0} 0,
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Figure 5. Percentage graph of problem solving AfL assessment results

Figure 5 shows the percentage of AfL assessment results on experimental class problem-
solving skills. It can be seen that the average problem solving skills of students is highest in
assessment sub-indicator number 10, namely 98%, which means that 98% of students are able to test
to prove that the tool can function, while the lowest percentage was the assessment in the 7 sub-
indicator of 65%, which means that 65% of students were able to explain the working principles of
each tool component.

The use of AfL to measure problem solving skills is considered effective, as can be seen in
Figure 5 which shows the percentage of each observation indicator which is quite good overall. This
assertion is consistent with the findings of Makrufi et al. (2018), who argue that the enhancement of
students' problem-solving skills is intricately linked to the various stages of the project-based learning
model. By incorporating projects into the learning process, students are encouraged to engage in
reflective thinking. Moreover, project-based learning mandates the utilization of all senses by students
to explore concepts, under the guidance of teachers who facilitate active involvement throughout the
learning stages. The direct engagement of students in constructing concepts leads to a deeper
understanding and mastery of the concepts.
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Figure 6. Percentage graph of AoL problem solving assessment results
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Figure 6 shows the results of the AoL assessment for problem-solving skills in the control class.
It can be seen that the average problem-solving skills of students is highest in assessment sub-
indicator number 1, namely 86%, with the assessment of students being able to understand the
problem by identifying the variables asked completely. While the lowest percentage is the assessment
in sub-indicator number 4 of 64% with students' assessment of checking the answers and correctness
of the concept.

The results of this research show that using AfL in learning in experimental classes is more
effective because students receive direction in the learning stages and feel that every activity carried
out will be assessed with assessment points that must be met to achieve satisfactory results in
learning. This is in line with research conducted by Oyinloye and Imenda (2019), which shows that
assessment for learning is effective in teaching and learning activities. Students' active involvement in
learning significantly influences student learning outcomes. This is corroborated by Mulyana et al.
(2021), who assert that the implementation of Assessment for Learning (AfL) not only enhances
student learning outcomes but also fosters a sense of engagement among students throughout the
learning process, thereby making learning activities more enjoyable.

CONCLUSION

Using the Assessment for Learning (AfL) instrument in project-based physics learning effectively
measures students' collaboration and problem-solving skills. The results of the hypothesis test show
differences in students' collaboration and problem-solving skills between the experimental class and
the control class, which can be seen through the Sig (2-tailed) value with a value of <0.05. Classical
completion in the experimental class was 85.71%, while problem-solving reached 91.43%.

Teachers should use AfL to measure students' collaboration and problem-solving skills in
physics learning so that assessments can be more effective. The use of AfL can be integrated with
learning methods, one of which is the project-based learning method. This is because at each stage of
the project-based learning method, students are required to be more active in collaborating and
problem-solving when compiling, planning, and implementing projects. So that every learning
activity can be monitored well and teachers can carry out assessments more easily and effectively
through AfL. The weakness of this research is that when researchers carry out the assessment process
manually, it would be better if the assessment was carried out digitally because it makes it easier for
teachers to carry out the assessment process themselves.
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