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Abstract

The aim of this research is to evaluate the impact of project-based learning (PJBL) on writing skills of laboratory report for
undergraduate female students at school of education in Al-Baha university. The study used a quasi-experimental design for the
experimental and control groups, with a pre- and post-tests. The study sample included 40 female students distributed equally
between the two groups. Learners in the experimental group were taught using the PJBL strategy while their peers in the control
group were taught conventionally. The content analysis tool was employed to assess the writing skills of laboratory report
components which include the introduction, methods and procedures, results and discussions. The Independent Samples T-test
was used to compare the mean scores between the groups and Eta squared (n?) formula was employed to evaluate the
effectiveness level. Post-test results showed that the experimental group significantly outperformed the control group. This
improvement of the experimental group reached the highest level in writing the method and procedures, while remaining at the
intermediate level in writing the introduction, results, and discussion. This suggests that the PJBL strategy was effective in
improving laboratory report writing skills in all three components: the introduction, methods and procedures, and results and
discussion, as well as in the overall score. The effect size (n*= 0.47) indicated the substantial impact of the PJBL strategy in
developing the laboratory writing skills for science students. The study recommended the needs for training programs on
teaching practices and group projects activities that enhance student skills in writing laboratory reports through engaging learners
with the writing process and emphases on sharing newly learned scientific concepts.
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1. Introduction

In chemistry education it is essential to ensure that scien-  knowledge and understanding. Laboratory report writing
tific results are justified and well-presented through scientific requires science students to explain data and interpret ex-
writing strategies [1]. Searching reliable sources such as perimental results by using them as evidence to support their
journal articles, reading and citing references, discussing and ~ reasoning. Writing tasks emphasize communication among
justifying results, helps in deepening science students’ learners while designing assignments that support critical
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thinking skills and encourage scientific discourse and lan-
guage when writing parts of laboratory reports.

Strong writing skills play a crucial role in academic success,
whether in writing assignments, reports, or research proposals.
Outcomes of writing skills provides information about stu-
dent's ability to express ideas, content knowledge, and expe-
riences. According to [2], possessing writing skills has mul-
tiple benefits including: (1) helps students in their learning
and application of knowledge, (2) takes notes and recording
information, (3) makes students' thinking explicit, and (4)
strengthens students' problem-solving skills. Writing skills are
also important due to its diverse applications such as, writing
laboratory reports, exams and in descriptive and quantitative
research. Discipline in writing enhances one's abilities as a
reader and listener. Writing skills enhances students' critical
thinking and promotes validating and preserving of their ideas
through documentation [3].

PJBL is one of the modern teaching strategies that is ap-
propriate for the skills of the twenty-first century and that
activates the centrality of the learner to achieve learning
outcomes through effective communication and sharing of
scientific knowledge [4, 5]. Improving science teacher prac-
tices associated with PJBL among teachers could help reduce
reliance on traditional teaching that aims to retrieve infor-
mation and prepare learners for tests, which is widespread in
many schools, especially in poor areas [6]. Many researchers
have discussed the importance of meaningful learning, such
as the use of PBL strategy, through which the role of the
teacher in providing scientific knowledge is reduced and
learners are encouraged to work collectively and collabora-
tively with the teacher to interpret scientific concepts instead
of waiting for the teacher to present them [7, 8].

When applying PJBL to develop scientific writing, prob-
lems are used as a first step to gather and connect new
knowledge with previous experiences while carrying out
real-world activities. This strategy helps in developing stu-
dents’ skills as it encourages the use of basic skills such as
cooperative learning skills, planning, research, reading, and
social skills that stimulate group decision-making, in addition
to motor skills. This requires a comprehensive educational
approach where student learning environments are designed
to allow students to explore real problems and collaborate to
grasp the scientific concepts related to the experiment, and
implementation of multiple tasks to achieve meaningful
learning [9]. Students are given a challenging yet realistic task
or project, and they are provided with sufficient support to
complete it. In addition, teaching using PJBL encourages
competencies that help the learner become independent, take
responsibility, and develop confidence and enhances analyt-
ical and critical thinking skills. Therefore, this strategy pro-
vides opportunities to engage science students in the process
of comprehensive laboratory report writing [10].

Although scientific writing is supposed to increase the
depth of understanding among students as they practice
writing about scientific experiments, studies indicate that
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looking at many laboratory reports appears superficial in
which students rely on step-by-step procedures that direct
them to predetermined results. These traditional laboratories
do not provide an opportunity to practice some technical and
writing skills, with little focus on communication and coop-
eration skills among students [11-13] pointed out that as-
sessing extensive laboratory reports can be a time-consuming
task, causing professors and teachers to decrease or remove
the writing requirements in laboratory assignments as they
struggle to manage the grading workload. Additionally, the
conventional approach to laboratory report writing does not
adequately equip students with the skills needed to write a
scientific paper, which typically involves -collaboration
among learners and a peer-review process. Studies also indi-
cated that traditional laboratory reports lack opportunities for
students to fully understand the material, reason their expe-
riences, and become proficient in scientific methods [14, 11].

To overcome students challenges in writing laboratory re-
port, research indicated that students could improve their
writing skills when they participate in project-based experi-
ments with a reasonable timeframe. This helps them to carry
out, analyse, and present findings which enhances their writ-
ing abilities, experimental proficiency, and social skills [3,
11].

Studies have indicated the effectiveness of PJBL in de-
veloping writing skills in English language classes [15, 16].
Using PJBL strategy has had a significant effect on the out-
comes of learners and has enhanced their writing skills in a
collaborative environment.

Other studies, such as [17], have confirmed that PJBL can
be used to build scientific culture among students in science
courses, improving their conceptual understanding and atti-
tudes toward learning science. This is due to the use of re-
al-world problem scenarios to encourage students and engage
them in a collaborative work. This study also emphasized the
positive impact of PJBL on building students' informational
knowledge.

Researchers also studied the effectiveness of PIBL in en-
hancing different types of writing skills among foundation
year students at the Universiti Malaysia Sarawak Foundation
in Science program [11]. Data were collected through
pre-post reports, practical sessions, and student observations.
Students improved their writing skills, with average scores of
84.9% for practical and 84.4%, for scientific writing. The
results also indicated that applying a chemistry PJBL learning
contributes to the development of learners’ social skills.
Therefore, this study recommended implementing group
chemistry projects as one of the learning activities and prac-
tical methods for higher education students.

From this standpoint, this study seeks to answer the fol-
lowing main question: What is the effectiveness of the pro-
ject-based learning strategy in developing laboratory report
writing skills? The following sub-questions emerge from the
main question:

What is the effectiveness of project-based learning in de-
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veloping the skills of writing the introduction of laboratory
reports?

What is the effectiveness of project-based learning in de-
veloping the skills of writing methods and procedures of
laboratory reports?

What is the effectiveness of project-based learning in de-
veloping the skills of writing results and discussion?

2. Literature Review

2.1. Project-Based Learning (PJBL)

PBL can be defined as an educational model that prioritizes
learner-centeredness through discovering scientific knowledge,
asking authentic questions, and completing the required tasks to
achieve the learning goals [18]. It is also known as learning
cooperatively to solve the problems through applying con-
structivist learning theory [19]. PBL is a form of collaborative,
research-based learning that characterized by engaging learners
as they plan, implement, and evaluate a project, solve problems
collaboratively, and compare learning outcomes to develop a
product for a specific audience [20, 5].

Many studies have agreed on some distinctive characteristics
of PJBL strategy, although there is no specific definition for
this strategy. [21] emphasized that these characteristics include
creating a classroom environment that supports collaborative
learning to solve a challenging problem, using scientific inquiry
to solve the questions posed, supporting project selection, crit-
ically evaluating each step, and reflecting on the final project
before presenting it to the public. [22] summarized the most
important features of project-based learning as follows:

1) The centrality of PJBL in the curricula rather than it

being for enrichment only.

2) It focuses on questions that strengthen the basic scien-

tific concepts.

3) Encourages construction of knowledge among learners.

4) Projects are based largely on the efforts and management

of learners.

5) The projects are realistic and different from school pro-

jects.

In science learning [23] indicated that PJBL projects are
grounded on key ideas including “active construction”, “sit-
uated learning”, “social interactions”, and “cognitive tools”
[24] discussed three stages to be followed during PJBL in-
cluding implementation, planning and report writing. In the
planning stage, the project topic is determined, questions are
asked activities are pre-examined before scheduling of PJBL.
[25] confirmed that PJBL is based on student-centered
learning approach by engaging learners in group work to
solve open-ended problems using five steps that include:
analyzing the problem, defining goals, collecting resources,
and summarizing ideas before reflecting on problem- solving
experiences.

Studies such as [26] summarized three main phases each
has sub-steps explaining the implementation of PBL. In the
identification phase, the aim is to help students to recognize
the problem. In the exploration phase a deeper understanding
is developed by searching for information and generating
possible solutions through collaborative discussions to choose
the most suitable response and discuss it between groups and
instructor. In the final phase, the agreed upon solution is de-
termined, incorporating the knowledge gained during the
process. Throughout the entire procedure, interaction between
individuals, peers, and instructors is required.
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Figure 1. Phases of PBL (Liu& Pasztor, 2022).

Other researchers discussed the principles of PJBL, which
include: 1) the active construction of real projects, 2) engag-

13

ing learners through deep questions within real contexts, 3)
actively engage learners in collaborative work, and 4) using
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cognitive tools [27].

Active construction involves the use of representations that
derived from the process of knowledge construction (e.g.,
computational models), support students through stimulating
their thinking during hands-on activities. The concept of ac-
tive construction is rooted in the constructivist theory, which
emphasizes that the effectiveness of students’ learning is
closely linked to their previous experiences and that previous
knowledge plays an important role in assimilating new con-
cepts. The learner links these concepts with their prior
knowledge and reaches a stage of equilibration through cog-
nitive conflict and problem solving. During the learning
process, ideas and experiences must be shared. Scientific
research is also important in the process of building
knowledge of scientific phenomena.

The importance of cognitive tools lies in the fact that they
help to gather ideas and information, encourage learners to
design models that define the different roles, and expand the
classroom discussion about scientific phenomena, their causes,
and the factors influencing them. Throughout this process, the
importance of cooperation and the exchange of ideas is em-
phasized within scientific practices, which involve discus-
sions through the sharing of questions, offering scientific
explanations with supporting evidence, and collecting data
through scientific research.

2.2. Scientific Writing

Previous studies have confirmed that scientific writing
plays a vital role in science education, particularly in devel-
oping metacognitive skills such as critical and analytical
thinking, which contribute to achieving the goals of con-
structivist theory and meaningful learning [28].

Some studies have also highlighted the importance of cer-
tain types of scientific writing, especially those that enhance
communication and scientific discourse in developing con-
ceptual understanding of fundamental science concepts in
school laboratories. This type of writing provides learners
with opportunities to collect and document data while con-
ducting experiments, allowing them to construct evi-
dence-based interpretations while recording the scientific
concepts related to the experiment's results [29].

The implementation of the Scientific Writing Heuristic
(SWH) in writing a laboratory report is regarded as one of the
most effective methods for involving students in in-
quiry-based scientific activities [30]. This approach encour-
ages students to ask testable questions, design and conduct
experiments, identify key findings in the collected data, pro-
vide evidence-based scientific explanations, and reflect on the
inquiry learning process [31].

Based on educational contexts and the active participation
in collaborative work among learners, three types of scientific
writing have been developed [32, 33]. The first type, "writing
to learn," focuses on using educational contexts to effectively
apply scientific writing rather than concentrating on theoret-
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ical knowledge in specialized scientific fields. In "writing for
learning," students discuss their knowledge of the subject
using various activities, including deep debates and explain-
ing supporting ideas of specific scientific writing, claims, and
theories. In the third type, "writing to learn through learning to
write," the two types are combined by applying scientific
writing while studying related concepts.

Research also discussed the importance of writing labora-
tory reports that include peer review, where each pair or group
is required to evaluate only one report [13]. Students gain
value not only from receiving feedback on their own work but
also from the process of critically reviewing the work of their
peers. The use of peer review demonstrates how it can im-
prove students' writing without taking up much time for the
teacher. Additionally, peer review can increase task comple-
tion, enhance content discussion, encourage the use of ap-
propriate scientific terminology, and provide students with a
better understanding of how science operates in the real
world.

3. Research Methodology

3.1. Study Approach

The study adopted a quasi-experimental method with a
design involving control and experimental groups, along with
pre- and post-tests. The content of laboratory reports submit-
ted by students in both groups was analyzed. The experi-
mental group was taught using PJBL strategy, while the stu-
dents in the control group were taught traditionally. Subse-
quently, the laboratory reports submitted by both groups were
analyzed.

3.2. Sample

The study population consisted of female students in the
School Laboratory program at Al-Baha University, totaling
105 students. Given that the population is divided into
teaching groups, two groups (experimental and control) were
randomly selected, each consisting of 20 students.

3.3. Study Tool

A content analysis rubric was developed for evaluating the
laboratory reports based on the criteria outlined in the School
Laboratory program description. The rubric included 14
evaluative indicators that should be present in a clear, specific,
and distinguished experimental report. These indicators were
distributed as follows: 4 indicators for the introduction, 5
indicators for describing the method and procedures of the
experiment, and 5 indicators for describing and discussing the
results.

The scoring based on a three-tier criterion for the presence
of the indicators (high, medium, low). An indicator received a
"high" rating (3 points) if it was formulated comprehensively
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and fully met the requirements. A "medium" rating (2 points)
was given if the formulation was good but had some short-
comings or did not fully meet the specified requirements. A
"low" rating (1 point) was assigned if the indicator was poorly
written and did not present the required data clearly. Thus, the
total score on the card ranged from 14 to 42 points, and the
mean scores ranged from 1 to 3. The level of proficiency in
writing laboratory reports was assessed based on the follow-
ing criteria:

High: mean score (2.34 - 3).

Moderate: mean score (1.67 - 2.33).

Low: mean score (1 - 1.66).

3.4. Validity

The content analysis rubric was presented to a panel of 8
experts in science education from Saudi universities. They
provided feedback on the specified indicators, assessing their

adequacy, comprehensiveness, and ability to ensure report
quality. Any suggested modifications regarding wording,
additions, or deletions were considered. A 75% agreement
rate among the experts was required for modifications, as per
Lawshe's criteria. After reviewing the experts' amendments, it
was found that they agreed on the comprehensiveness and
adequacy of the indicators, with some wording adjustments
considered as evidence of content validity for the rubric.

3.5. Reliability

The reliability of the content analysis rubric was verified
through agreement between analysts using Cooper's formula.
The researcher and a colleague analyzed laboratory reports
from a sample of four students (not included in the main study
sample) and calculated the percentage of agreement between
their analyses. The results are detailed below:

Table 1. Reliability Analysis Using Cooper's Formula.

Section Indicators Agree Disagree % Reliability
Introduction From general to specific 4 0 100%  1.00
Contains the objectives of the experiment 4 0 100%  1.00
Contains the importance of the experiment 3 1 75% 0.75
Contains the questions of the experiment 3 1 75% 0.75
Reliability 14 2 87.5% 0.88
Method and Procedures  Provides a brief description of the methods and procedures 3 1 75% 0.75
Includes all materials used in the experiment 4 0 100%  1.00
Writes the steps of the experiment in sufficient details 3 1 75% 0.75
Avoids details that prevent the reader from following the procedure 3 1 75% 0.75
Avoids writing results prematurely 4 0 100%  1.00
Reliability 17 3 85% 0.85
Results and discussion Presents all results in logical order according to the experiment 3 | 759 0.75
steps
Includes necessary clarifications (tables, graphs, figures) 3 1 75% 0.75
Links results to the objectives of the experiment 3 1 75% 0.75
Conclusions are clear and based on the results of the experiment 3 1 75% 0.75
Hypotheses are discussed, analyzed, addressed 4 0 100%  1.00
Reliability 16 4 80% 0.80
Overall 47 9 83.9% 0.84

Table 1 shows that the reliability coefficients of the indi-
cators ranged between (0.75-1.00), while the reliability coef-
ficients for the three dimensions ranged between (0.80-0.88).
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The overall reliability for the analysts' agreement was (0.84),
which are acceptable coefficients and confirm the stability of
the rubric.
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3.6. Equivalence of the Groups

The content analysis rubric was utilized beforehand to
correct the reports of both the control and experimental

groups to ensure their equivalence in writing laboratory re-
ports. The results were compared, and differences were cal-
culated using the independent samples "t" test. The following
table illustrates the results:

Table 2. T-test for groups' equivalence in the pre-test of laboratory report writing.

Variable Group M
Introduction Control 1.25
Experimental 1.20
Method and Procedures Control 1.35
Experimental 1.55
Results and discussion Control 1.15
Experimental 1.20
Overall Control 1.25
Experimental 1.32

Table 2 shows that T-values for the differences between the
means of the control and experimental groups in the pre-test
were not statistically significant in the three domains (intro-
duction, methods and procedures, results and discussion) and
in the overall score, as the significance levels were greater
than (0.05). This shows that the two groups were equivalent in
their pre-test laboratory report writing skills.

3.7. The Training Programs

A teaching program has been developed for the Lab Logs
and Reports course for students in the School Laboratory
Diploma. The program focuses on implementing the Pro-
ject-Based Learning (PBL) strategy in writing lab reports.
Students are divided into five collaborative groups, each
consisting of four members. The main goal is to develop
skills in writing lab reports, specifically in the areas of In-
troduction, Method and Procedures, and Results and Dis-
cussion.

The program spans 16 teaching hours over eight weeks,
with two hours per week. It is structured in five phases. First,
students are introduced to the project and plan the experi-
ments for their reports. Three key chemistry topics are se-
lected: acid-base reactions (measuring pH and determining
acid/base concentration), testing strong and weak acids, and
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SD F T-test P
0.444 38 0.370 0.714
0.410

0.489 38 -1.265 0.214
0.510

0.366 38 -0.406 0.687
0.410

0.388 38 -0.548 0.587
0.382

analyzing solution concentration through precipitation reac-
tions. Second, students are trained on how to write scientifi-
cally, covering each section of the lab report—Introduction,
method and procedures, and results and discussion. The fourth
phase involves evaluating and discussing the lab reports
submitted by each group, followed by feedback. Finally,
students receive guidance on improving their reports before
final submission. This program aims to provide students with
the skills to write scientifically accurate lab reports while
enhancing their understanding of experimental methods
through the PBL approach.

4. Results

4.1. Effectiveness of PJBL in Writing
Introduction of Laboratory Report

To examine the effectiveness of the PJBL strategy in
developing laboratory report introduction writing skills,
post-test scores for the control and experimental groups
on writing laboratory report introductions were calculated.
The mean scores were then compared using an Inde-
pendent Samples T-test. The following Table 3 shows the
results:
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Table 3. Post-test results in laboratory report introduction writing skills.

Variable  Group M SD F T-Test P-value
Methods  Control 1.55 0.510 38 -3.15 0.000
Experimental 2.20 0.768

**Statistically significant at the (0.01) level.

Table 3 shows a significant statistical difference between  provement, increasing from a mean score of 1.25 in the
the average scores of the control and experimental groups in ~ pre-test to 1.55 in the post-test, remaining within the low level
the introduction writing of laboratory reports (T=.-3.15, P=  and just below the medium level.

0.003). The difference favors the experimental group, which Therefore, a statistically significant difference at the (0.01)
had the higher mean score (M=2.20) in comparison to the level confirms the improvement of experimental group that
control group (M=1.55). This suggests that the experimental =~ was taught using the PJBL strategy. To assess the effect size of
group showed a moderate improvement in their ability to  the teaching strategy on this difference as an indicator of
write introductions, with the mean score ranging from 1.67 to effectiveness, the Eta Square (n?) formula was used, as shown
just below 2.34, which is close to a high level of performance. in the following Table 4.

In contrast, the control group experienced only a slight im-

Table 4. Eta squared (n?) of PJBL on laboratory report writing introduction skills.

Independent Tool Dependent T-value F n? Effect-Size

PJBL Content rubric Lab Introduction  -3.15 38 0.21 Large

Table 4 shows an effect size of (0.21), indicating a large effect since it exceeds the (0.14) which defined for significant effect
size [34]. This implies that 21% of the overall variance in the skills required for writing laboratory report introductions can be
attributed to the use of project-based learning strategies.

4.2. Effectiveness of PJBL in Writing Methods and Procedures of Laboratory Report

Table 5. Post-test results in laboratory report methods and procedures writing skills.

Variable Group M SD F T-Test P-value
Methods Control 2.15 0.366 38 -4.13 0.000
Experimental 2.70 0.470

**Statistically significant at the (0.01) level.

To address this question, the means and standard deviations of ~ ference in favor of the experimental group, which achieved a
the post-test scores for the methods and procedures of laboratory ~ higher mean score (M=2.70) at a high level, compared to the
reports were calculated for both the control and experimental ~ control group, which had a mean score of M=2.15, placing it at a
groups. The mean scores were then compared using an inde-  medium level. This statistically significant difference at the (0.01)
pendent samples T-test. The results are presented in Table 5. level confirms the positive impact of the project-based learning

Table 5 indicates a statistically significant difference between  strategy on the experimental group’s performance. To evaluate
the mean scores of the control and experimental groups in the  the effect size of the teaching strategy and its effectiveness, the
writing laboratory report method and procedures (T= -4.13, P= Eta Square () formula was applied, with the results presented in
0.000). An analysis of the mean scores revealed a notable dif-  the following Table 6.
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Table 6. Eta squared (1) of PJBL on laboratory report writing method and procedure skills.

Independent Tool Dependent T-value F n? Effect size
PJBL Content rubric Method and Procedures -4.13 38 0.31 Large
Table 6 shows that the effect size value is (0.31), which To answer this question, the mean and standard deviation of
indicates a large effect size. This value suggests that ap- the post-test scores for the results and discussion of the la-

proximately 31% of the total variance in laboratory report boratory reports were calculated for both the control and

writing skills related to the method and procedures can be  experimental groups. An independent samples t-test was then

explained by the use of the PJBL strategy. used to compare the mean scores. The results are shown be-
low in Table 7.

4.3. Effectiveness of PJBL in Writing Results

and Discussions of Laboratory Report

Table 7. Post-test results in laboratory report results and discussions writing skills.

Variable Group M SD F T P-value
Results discussion Control 1.50 0.513 38 -4.40 0.000 **
Experimental 2.05 0.224

**Statistically significant at the (0.01) level.

The results in Table 7 show a statistically significant differ- mance of the experimental group. To evaluate the effect size of
ence between the mean scores of the control and experimental ~ the PJBL strategy on this difference, the Eta Squared (n?) for-
groups in the writing and discussion results (T= -4.40, P=  mula was applied. The results are displayed in Table 8 below.
0.000). The difference favors the experimental group with a As shown in Table 8, the effect size value is (0.34), in-

higher mean score (M= 2.05) at a moderate level of improve- dicating a large effect. This indicates that 34% of the
ment, compared to the control group, which scored a mean of ~ overall variation in results and discussion laboratory report
only (M = 1.50) at a low level. This difference, found to be  writing skills can be explained by the use of the pro-
statistically significant at the 0.01 level, validates the positive  ject-based learning strategy.

effect of the project-based learning approach on the perfor-

Table 8. Eta squared (n?) of PJBL learning strategy on laboratory report writing result and discussion skills.
Ind-pendent Tool Dep-ndent T-value F n? Effect size

PIBL Content rubric Results discussion -4.40 38 0.34 Large

scores for both the control and experimental groups were

4.4. Effectiveness of the PJBL in the Overall calculated using the laboratory report writing skills as-

.. . sessment. The means were compared using an Independent
Writing Skills of Laboratory Report Samples T-Test. The results are presented in Table 9:

The mean scores and standard deviations of the post-test
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Table 9. Post-test results in overall laboratory report writing skills.

Variable Group M SD F T P-value
Overall Skills Control 1.73 0.335 38 -5.84 0.000
Experimental 2.32 0.296

**Statistically significant at the 0.01 level.

Table 9 shows a statistically significant difference between showed improvement in their laboratory writing skills to a
the mean scores of the experimental and control groups on the moderate level, with mean scores ranging from 1.67 to just
overall laboratory report writing skills assessment, with a  below 2.34. However, the experimental group notably out-
T-value of -5.84 and a significance level of 0.000, which is  performed the control group, achieving mean scores at the
statistically significant at the 0.01 level. Overall, it is evident ~ higher end of the moderate proficiency level. To assess the
that the experimental group performed better, as their mean = magnitude of the effect of the strategy used, the Eta squared
score was higher (M=2.32) while the control group obtained a  (1?) formula was applied. The results are shown in the Table
mean score of only (M=1.73). This indicates that both groups 10.

Table 10. Eta squared (%) of PJBL on overall laboratory report writing skills.

Independent Tool Dependent T-value F n? Effect size
PJBL Content rubric Results discussion -5.84 38 0.47 Large
Table 10 shows that the effect size (n?) for overall labora- These findings align with the study by [35], which sug-

tory report writing skills was 0.47, which indicates a large  gested that PJBL is an effective strategy for improving stu-
effect. This suggests that 47% of the total variance in labor- dents' writing skills. PIBL allows students to refine their ideas,
atory report writing skills can be explained by the use of the compose well-structured texts, and construct grammatically

PJBL strategy. This substantial effect size highlights the sig- correct sentences. It also encourages critical thinking and the
nificant improvement in laboratory report writing skills, con- exchange and development of ideas with peers.
firming the effectiveness of this educational strategy. Additionally, the informational aspects of the PJBL strategy

contribute to its effectiveness in improving laboratory report
writing skills. By encouraging students to research and or-
ganize information efficiently, PJBL enhances their ability to
produce accurate and detailed scientific reports. Furthermore,
PJBL is inherently motivational, increasing students' enthu-
siasm for deeper learning and sparking their interest in scien-
tific subjects. This aligns with the work of [36], who noted
that PBL is an effective method for enhancing writing skills,
as it equips students with a range of skills that directly influ-
ence the quality of their scientific writing. These include
information gathering, conceptual knowledge acquisition,
problem-solving, peer collaboration, and the practical appli-
cation of knowledge—all of which significantly improve
students' writing abilities and form the foundation for devel-
oping specialized writing skills for laboratory reports.
Moreover, the PJBL strategy is specifically tailored to ad-
dress students' needs and the challenges they face when
writing laboratory reports. This focus on student needs is one
of the key strengths of this strategy, as the PJBL projects are
designed to be closely aligned with students' learning needs,
deepening their understanding of the targeted skills and

5. Discussion and Conclusion

The findings indicated that the experimental group, which
was taught using the PJBL strategy, outperformed the control
group in terms of overall laboratory report writing skills, as
well as in each subskill (introduction, methods and procedures,
and results and discussion). These outcomes can be attributed
to several factors, with the most significant being the nature of
the PJBL approach, which promotes active learning, encour-
ages students to actively engage in the learning process, and
facilitates a deeper understanding and integration of experi-
ments. This hands-on approach helps students apply theoret-
ical knowledge in practical settings, resulting in more focused,
clearer, and more precise report writing. Moreover, working
on group projects fosters collaboration, allowing students to
exchange ideas and experiences, which in turn enhances their
various skills, including writing. This is achieved through
collaborative notes and feedback related to the experiments
conducted within the group.
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providing opportunities for practice. Students are given the
autonomy to take the lead in the learning process, within a
supportive environment that encourages creative and critical
thinking, the application of practical skills, learning from
others, and exchanging ideas. This has contributed to im-
provements in students' vocabulary, writing skills, and overall
performance in laboratory report writing.

These results are consistent with findings from other stud-
ies [3, 11] which also emphasize the importance of PJBL in
enhancing laboratory report writing skills. These studies
supported the effectiveness of PJBL in improving students'
ability not only deepens students' scientific knowledge but
also fosters better opportunities for interaction and scientific
thinking during the collaborative writing process. Further
research should focus on investigating the practices of
open-inquiry laboratory tasks such as PJBL projects to write
science laboratory reports. In these projects, science students
take on the responsibility of exploring the processes involved
in designing and conducting experiments, and subsequently
write laboratory reports based on the data they collect and
write their own explanations. This enables them to conduct,
analyze, and present results, which improves their writing
skills, experimental expertise, and social abilities.
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