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 Purpose of the study: This study aims to examine the effect of experimental-

based Problem-Based Learning (PBL) on students’ scientific writing and 

presentation skills in a Basic Physics course. 

Methodology: The study employed a quasi-experimental posttest-only control 

group design involving 73 undergraduate students from the Biology Education 

program. Participants were divided into an experimental group receiving 

experimental-based PBL instruction and a control group receiving conventional 
learning. Data were collected using validated rubrics for scientific writing and 

scientific presentation skills. Data analysis was conducted using descriptive 

statistics, independent samples t-tests, One-Way ANOVA, and the Mann–

Whitney U test. 

Main Findings: The results show that students in the experimental group 

achieved significantly higher scientific writing scores (M = 562.97) than those in 

the control group (M = 518.19), with significant differences across most writing 

components (p < 0.05). One-Way ANOVA results indicate a very large effect 
size (Partial Eta Squared = 0.970). In addition, scientific presentation skills were 

significantly higher in the experimental group across all assessed indicators, 

including contribution, collaboration, confidence, content mastery, and 

communication (p = 0.000). 

Novelty/Originality of this study: This study provides empirical evidence that 

experimental-based PBL effectively enhances both scientific writing and 

presentation skills in an interdisciplinary Basic Physics learning context. The 

findings highlight the role of inquiry-oriented and experimental learning in 
strengthening scientific communication skills and offer practical implications for 

improving scientific literacy in higher education. 
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1. INTRODUCTION 

Scientific writing is a fundamental component of academic literacy in higher education, particularly in 

science and education disciplines [1], [2]. Scientific writing serves as the primary medium for communicating 

research findings and academic contributions; therefore, the quality of writing strongly influences the acceptance 

and dissemination of scientific knowledge [3], [4]. However, numerous studies indicate that undergraduate 
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students still experience difficulties in scientific writing, including problems in organizing text structure, using 

appropriate academic language, and mastering relevant scientific content [5]-[7]. These difficulties suggest that 

students’ scientific communication skills remain insufficiently developed. 

For Biology Education students, scientific writing and presentation skills are particularly essential 

because they are required to communicate interdisciplinary scientific knowledge through structured and 

methodologically sound academic texts [8], [9]. In this context, Basic Physics is a crucial foundational course, as 

it provides conceptual understanding of physical principles that support biological phenomena, such as energy 

transfer, waves, electricity, and thermodynamics [10], [11]. Nevertheless, the abstract nature of physics concepts 

often poses challenges for Biology Education students, especially when instruction relies on teacher-centered 

approaches that limit opportunities for active learning and contextual application [12]-[14]. 

Problem-Based Learning (PBL) has been widely recognized as an instructional model that promotes 

active learning, critical thinking, collaboration, and problem-solving skills [15]-[17]. Previous studies report that 

PBL enables students to integrate conceptual understanding with real-world problems, which aligns closely with 

the cognitive demands of scientific writing and scientific presentation [18], [19]. Through problem formulation, 

inquiry, and collaborative discussion, PBL encourages students to engage in scientific reasoning processes that 

are essential for developing academic communication skills [20]-[22]. 

The effectiveness of PBL can be further enhanced when combined with experimental methods. 

Experimental-based learning engages students directly in authentic scientific practices, such as designing 

experiments, controlling variables, collecting empirical data, and interpreting results [23]. Through experimental 

activities, students are trained to write scientific reports in a structured manner, formulate evidence-based 

arguments, and present findings clearly and confidently [24]. Experimental-based PBL has also been shown to 

improve students’ critical thinking, collaboration, and scientific confidence, which are important components of 

scientific communication skills [25], [26]. 

Despite these potential advantages, empirical studies that specifically examine the impact of 

experimental-based Problem-Based Learning on students’ scientific writing and presentation skills remain 

limited, particularly in interdisciplinary learning contexts such as Basic Physics for Biology Education students. 

Most previous research focuses on conceptual understanding and learning outcomes, while academic literacy 

aspects especially scientific writing and presentation receive comparatively less attention. Based on this gap, the 

present study focuses on examining the effect of experimental-based Problem-Based Learning on students’ 

scientific writing skills, identifying the scientific writing components most influenced by this instructional 

approach, and analyzing its effect on students’ scientific presentation skills in Basic Physics learning. In this 

study, scientific writing and scientific presentation skills are conceptualized as complementary dimensions of 

students’ scientific communication competence developed through experimental-based Problem-Based Learning. 

The findings of this study are expected to contribute empirical evidence for improving instructional strategies 

aimed at strengthening scientific literacy and interdisciplinary learning in higher education. 

 

 

2. RESEARCH METHOD 

This study employed a quasi-experimental posttest-only control group design to examine the effect of 

experimental-based Problem-Based Learning (PBL) on students’ scientific writing and presentation skills. The 

participants were 73 undergraduate Biology Education students enrolled in a Basic Physics course at a public 

university. Cluster random sampling was applied to four intact classes after homogeneity testing to ensure 

comparable academic characteristics. One class was randomly assigned as the experimental group (n = 37), 

while another class served as the control group (n = 36). 

The experimental group was taught using Problem-Based Learning integrated with experimental 

activities. The instructional process followed standard PBL phases, including problem orientation, problem 

analysis, inquiry planning, investigation, data analysis, and reporting. Students collaboratively solved contextual 

physics problems, designed and conducted experiments, analyzed empirical data, and communicated their 

findings through scientific writing and oral presentations. The instructor acted as a facilitator, guiding students’ 

inquiry and reflection. In contrast, the control group received conventional lecture-based instruction emphasizing 

content delivery, guided discussion, and limited practicum activities without structured inquiry or systematic 

experimental integration. 

Scientific writing skills were assessed using an analytic rubric adapted from the Program Kreativitas 

Mahasiswa Scientific Article Guidelines and Hartfield’s ESL academic writing criteria. The rubric consisted of 

seven indicators: title relevance, abstract completeness, introduction coherence, methodological rigor, clarity of 

results and discussion, conclusion accuracy, and reference quality. Content validity was established through 

expert judgment involving two physics education experts and one educational evaluation expert. Reliability 

testing yielded a Cronbach’s Alpha coefficient of α = 0.87, indicating high internal consistency. 

Scientific presentation skills were measured using a rubric adapted from previous studies on scientific 

communication, covering five indicators: contribution, collaboration, confidence, content mastery, and 
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communication. The instrument demonstrated satisfactory reliability with a Cronbach’s Alpha coefficient of α = 

0.85. Data were analyzed using descriptive and inferential statistics. Independent samples t-tests were employed 

to compare overall scientific writing scores between groups, while One-Way ANOVA was used to examine 

differences across writing components. Because presentation skill data did not meet the normality assumption, 

the Mann–Whitney U test was applied. All statistical analyses were conducted at a significance level of 0.05 

 

 

3. RESULTS AND DISCUSSION 

3.1 Effect of Experimental-Based PBL on Scientific Writing Skills 

Scientific writing data were collected after the completion of the instructional intervention in the Basic 

Physics course. The experimental group was taught using experimental-based Problem-Based Learning (PBL), 

while the control group received conventional lecture-based instruction. Descriptive statistics of students’ 

scientific writing performance are presented in Table 1. 

 

Table 1. Descriptive Statistics of Students’ Scientific Writing Skills 

 Group N Mean Std. Deviation Std. Error Mean 

Scientific Writing 

Skills 

Control 36 518.19 55.769 9.295 

Experimental 37 562.97 25.859 4.251 

 

As shown in Table 1, students in the experimental group achieved a higher mean score (M = 562.97, SD 

= 25.86) than those in the control group (M = 518.19, SD = 55.77). An independent samples t-test indicated a 

statistically significant difference in scientific writing scores between the two groups (p < 0.05), demonstrating 

that experimental-based PBL had a significant effect on students’ scientific writing performance. The results of 

this study indicate that experimental-based Problem-Based Learning (PBL) has a positive effect on students’ 

scientific writing skills in the Basic Physics course. Students who learned through experimental-based PBL 

achieved higher scientific writing scores than those who received conventional instruction. This finding suggests 

that learning activities which combine problem-solving with experimental inquiry support the development of 

students’ academic writing abilities. 

From a learning perspective, PBL emphasizes student-centered activities through problem 

identification, investigation, and collaborative learning. These learning processes are closely related to the 

requirements of scientific writing, which include logical organization, use of evidence, and clear argumentation. 

The integration of experimental activities further strengthens these skills by involving students directly in 

scientific processes such as data collection, observation, and analysis [27]-[29]. This result is consistent with 

previous studies showing that PBL can improve students’ academic and scientific writing performance [30], 

[31]. Through experimental-based PBL, students are encouraged to write based on empirical findings rather than 

descriptive explanations, resulting in more structured and systematic scientific texts. In this context, the present 

study provides empirical evidence that experimental-based PBL is effective in supporting scientific writing 

development in interdisciplinary Basic Physics learning for Biology Education students. 

 

3.2 Effects of Experimental-Based Problem-Based Learning on Scientific Writing Indicators 

Further analysis was conducted to examine differences across individual scientific writing components. 

The results of the independent samples t-test revealed statistically significant differences between the 

experimental and control groups in the abstract, introduction, research method, results and discussion, and 

reference list components (p < 0.05). No statistically significant difference was found in the conclusion 

component (p > 0.05). One-Way ANOVA analysis indicated significant differences among scientific writing 

indicators within each group. The experimental group demonstrated a very large effect size (Partial Eta Squared 

= 0.970), while the control group showed a smaller effect size (Partial Eta Squared = 0.886). Figure 1 presents 

the percentage comparison of scientific writing performance between the experimental and control groups across 

all indicators. 
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Figure 1. Comparison of Scientific Writing Skill Percentages between Experimental and Control Groups across 

Indicators 

 

Figure 1 shows that the experimental group obtained higher percentage scores in almost all scientific 

writing indicators compared to the control group. Both groups demonstrated similar performance in the title 

component. The largest differences were observed in the methodology and results and discussion components, 

whereas the smallest difference occurred in the conclusion component. The substantial improvement in the 

methodology section indicates that experimental-based PBL effectively supports students’ ability to describe 

experimental procedures, identify variables, and explain data collection processes. Through repeated engagement 

in hands-on experiments, students become more familiar with scientific procedures and are better able to 

articulate them in written form. Similarly, improvement in the results and discussion section reflects students’ 

enhanced ability to interpret empirical data and relate findings to scientific concepts. 

In contrast, the absence of significant differences in the conclusion component suggests that 

synthesizing research findings into concise and integrative conclusions remains a challenging skill for students in 

both groups. Writing conclusions requires higher-order cognitive processes, such as abstraction and synthesis, 

which may not be sufficiently developed through inquiry-based learning alone. This finding indicates the need 

for explicit instructional support and guided reflection activities to strengthen students’ conclusion-writing skills 

within experimental-based PBL. 

Further analysis of scientific writing components shows that experimental-based PBL had a stronger 

influence on the abstract, introduction, methodology, and results and discussion sections. Improvement in the 

abstract and introduction indicates that students were better able to formulate research objectives and present 

relevant theoretical backgrounds. This improvement may be related to the problem orientation stage of PBL, 

which requires students to clearly define learning problems and research purposes. The largest differences were 

found in the methodology and results and discussion components. Students in the experimental group showed 

better ability to describe experimental procedures, identify variables, and explain data analysis results. They 

were also more capable of interpreting findings and linking them to scientific concepts. This finding supports 

inquiry-based learning theory, which emphasizes learning through direct involvement in scientific investigation. 

However, no significant difference was found in the conclusion component. This result indicates that drawing 

concise and integrative conclusions remains a challenging aspect of scientific writing for students in both 

learning groups. Writing conclusions requires higher-order synthesis skills, which may need explicit instruction 

and guided practice beyond inquiry-based learning activities. 

The results of this study indicate that experimental-based Problem-Based Learning (PBL) has a 

significant effect on most components of students’ scientific writing skills, particularly in the abstract, 

introduction, methodology, and results and discussion sections [32], [33]. This finding is consistent with 

previous studies by Gillis and Winarta and Kirom , which reported that PBL effectively improves the quality of 

students’ scientific writing through active engagement in problem solving and research processes [34]-[37]. 

Improvements in the abstract and introduction suggest that students became more capable of formulating 

research objectives and presenting relevant theoretical backgrounds. This supports the findings of Susanti [4], 

who emphasized the close relationship between PBL, critical thinking, and students’ ability to construct 

scientific arguments. The largest differences were observed in the methodology and results and discussion 

sections, where students in the experimental group demonstrated better skills in describing experimental 

procedures, analyzing data, and interpreting findings, in line with inquiry-based learning theory [38]. 

However, no significant difference was found in the conclusion section, indicating that synthesizing 

research findings into concise and integrative conclusions remains a challenge for students in both groups. This 

result is consistent with previous studies [24][39], which suggest that conclusion writing requires higher-order 

synthesis skills that may require explicit instruction and guided practice beyond inquiry-based PBL activities. 
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3.3 Scientific Presentation Skills in Experimental-Based Problem-Based Learning 

Students’ scientific presentation skills were also assessed following the instructional intervention. 

Descriptive statistics for presentation skills in the experimental and control groups are presented in Table 2. 

 

Table 2. Descriptive Statistics of Scientific Presentation Skills 

 
Group N Mean Std. Deviation 

Std. Error 

Mean 

Presentation Skills 
Control 36 14.19 0.525 0.087 

Experimental 37 19.38 0.492 0.081 

 

As shown in Table 2, the experimental group achieved a higher mean score (M = 19.38, SD = 0.49) 

than the control group (M = 14.19, SD = 0.53). Because the data did not meet the normality assumption, a 

Mann–Whitney U test was conducted to compare presentation skills between groups. The results of the Mann–

Whitney U test indicated statistically significant differences between the experimental and control groups across 

all presentation skill indicators, including contribution, collaboration, confidence, content mastery, and 

communication (p = 0.000). Figure 2 presents the comparison of scientific presentation skills between the two 

groups. 

 

 
Figure 2. Comparison of Scientific Presentation Skills Between the Experimental and Control Groups 

 

Overall, the results indicate that students who participated in experimental-based PBL demonstrated 

higher scientific presentation performance than those who received conventional instruction. These findings 

indicate that experimental-based PBL significantly enhances students’ scientific presentation performance. The 

collaborative nature of PBL encourages active participation and shared responsibility during experimental work, 

which contributes to higher levels of engagement and confidence. Presenting findings derived from self-

conducted experiments allows students to communicate scientific ideas more clearly and convincingly, as their 

understanding is grounded in direct experience rather than passive learning. 

Furthermore, the improvement in presentation skills complements the development of scientific writing 

skills, as both forms of scientific communication require clarity of thought, logical organization, and mastery of 

scientific content. The findings also show that experimental-based PBL positively affects students’ scientific 

presentation skills. Students in the experimental group performed better than those in the control group across all 

presentation indicators, including contribution, collaboration, confidence, content mastery, and communication 

[40]. These results can be explained by the collaborative and inquiry-based nature of PBL. Group experimental 

activities encourage students to actively participate, work collaboratively, and take responsibility for presenting 

their findings. Presenting results obtained from their own experimental work helps students develop better 

understanding of the content and increases their confidence in communicating scientific ideas [41]-[43]. This 

finding is in line with previous studies reporting that PBL supports the development of scientific communication 

and presentation skills by promoting active learning and critical thinking. The improvement in presentation skills 

also supports the development of scientific writing, as both skills are closely related in scientific communication 

[44]-[46]. 

 

3.4 Overall Impacts of Experimental-Based Problem-Based Learning on Scientific Communication Skills 

The findings of this study indicate that experimental-based Problem-Based Learning (PBL) has a 

positive overall impact on students’ scientific communication skills, particularly in scientific writing and 

scientific presentation. From a learning theory perspective, this result is consistent with constructivist theory, 
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which emphasizes knowledge construction through active engagement and meaningful experiences. Through 

problem identification, experimentation, and reflection, students actively construct scientific understanding, 

which supports the development of coherent, evidence-based scientific writing. In addition, inquiry-based 

learning theory explains the significant improvement in methodology and results and discussion sections, as 

students directly engage in data collection, analysis, and interpretation [47], [48]. The collaborative learning 

theory further supports these findings, as group-based problem solving and presentation activities enhance 

students’ ability to articulate ideas clearly, organize arguments logically, and communicate scientific concepts 

confidently in both written and oral forms [49]. 

Despite these positive impacts, the findings also suggest that higher-order synthesis skills, particularly 

in writing scientific conclusions, remain challenging for students. Writing effective conclusions requires 

advanced cognitive processes such as abstraction and synthesis, which may not be fully developed through 

inquiry-based activities alone [50]. Moreover, this study has several limitations, including the use of a posttest-

only design and data collection from a single institution. Therefore, future research is recommended to involve 

larger and more diverse samples across multiple institutions and to apply longitudinal research designs to 

examine the long-term development of students’ scientific writing and presentation skills, especially higher-

order synthesis abilities such as scientific conclusion writing. 

 

 

4. CONCLUSION 

The results of this study indicate that Problem-Based Learning integrated with experimental activities 

effectively enhances students’ scientific writing and presentation skills in Basic Physics learning. Students who 

participated in experimental-based PBL demonstrated more structured scientific writing and stronger 

presentation performance than those who received conventional instruction. The integration of problem-solving 

and experimental inquiry supports empirical reasoning and scientific communication development. Overall, 

experimental-based PBL provides a strong pedagogical basis for improving scientific literacy in higher education 

and may be applied in broader learning contexts. Future studies are recommended to involve larger and more 

diverse samples to further validate these findings. 
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