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Abstract 
Developing students’ ability to solve physics problems remains a major challenge because many learners tend to focus 
on mathematical procedures while experiencing difficulties in interpreting scientific information, constructing solution 
strategies and evaluating their reasoning processes. This study investigated the effectiveness of integrating Scientific 
Reading-Based Authentic Assessment (AA-SR) into Problem-Based Learning (PBL) to enhance students’ physics 
problem-solving skills. A quasi-experimental study with a pretest-posttest control group design was conducted 
involving 57 tenth-grade students at an Islamic senior high school in Indonesia. The experimental group (n = 30) 
experienced PBL integrated with AA-SR through Scientific Reading Task, Authentic Task and Reflection and Feedback 
activities, while the control group (n = 27) received conventional PBL instruction. Data were collected using an essay-
based physics problem-solving test assessing four indicators: understanding problems, planning solutions, carrying out 
solutions and evaluating results. The findings revealed that students who learned through AA-SR-integrated PBL 
achieved significantly higher problem-solving performance than those in the control group (p < 0.001). The greatest 
improvement was observed in understanding problems and planning solutions, indicating that scientific reading and 
authentic assessment activities supported students in developing accurate problem representations and systematic 
reasoning strategies. However, evaluation remained the most challenging aspect, highlighting the need for continuous 
reflective practice. These findings suggest that AA-SR provides an integrated instructional-assessment framework that 
enhances students’ cognitive and metacognitive processes in physics problem solving. 

Keywords: Authentic Assessment, Metacognitive Skills, Problem-based Learning, Scientific Literacy, Scientific 
Reasoning. 
 

Introduction 
Physics education in the twenty-first century is 

expected to develop students’ ability to think 

critically, reason scientifically and solve complex 

problems rather than merely memorize concepts 

and formulas. Problem-solving skills are 

considered fundamental competencies in physics 

learning because they involve the ability to 

understand phenomena, construct appropriate 

representations, select relevant principles, apply 

scientific reasoning and evaluate the validity of 

solutions. Effective physics problem-solving 

requires an integration of conceptual under-

standing, analytical thinking and metacognitive 

regulation, allowing students to connect 

theoretical knowledge with real-world contexts. 

Therefore, modern science instruction needs to 

provide learning experiences that actively engage 

students in interpreting information, developing 

solution strategies and reflecting on their thinking 

processes (1–3). However, actual classroom 

practices indicate that developing students’ 

physics problem-solving skills remains challen-

ging. Many students are still able to perform 

mathematical calculations but experience difficul-

ties in understanding problem situations, 

identifying relevant variables, explaining scientific 

relationships and evaluating whether their 

solutions are reasonable. Students frequently focus 

on obtaining final numerical answers without 

demonstrating systematic reasoning or conceptual 

justification. Similar challenges have been reported 

in previous studies, showing that learners often 

experience obstacles in translating contextual 

problems into scientific representations and tend 

to use formula-based strategies without deeper 

conceptual understanding (4–7). These problems 
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indicate the need for instructional strategies that 

support not only procedural competence but also 

the complete process of scientific problem solving. 

Although various instructional approaches have 

been introduced to improve students’ problem-

solving skills, several limitations remain. Problem-

Based Learning (PBL) has been widely recognized 

as an effective approach for encouraging active 

learning and contextual problem solving; however, 

students may still struggle during the problem 

analysis and reflection stages when adequate 

scaffolding is not provided. Similarly, authentic 

assessment encourages students to engage with 

meaningful tasks, but its implementation often 

focuses primarily on performance evaluation 

rather than supporting the learning process itself. 

Scientific reading strategies have also been shown 

to enhance students’ ability to interpret scientific 

information, yet they are rarely integrated 

systematically into assessment activities. 

Therefore, previous research has generally exami-

ned PBL, authentic assessment and scientific 

reading separately, leaving a gap regarding how 

these components can be integrated into a 

coherent instructional-assessment framework that 

supports all stages of problem solving (6, 8). 

Several studies have provided important 

foundations for addressing this issue. Research on 

PBL has demonstrated positive effects on students’ 

conceptual understanding, reasoning ability and 

higher-order thinking skills when students actively 

construct knowledge through meaningful 

problems (9, 10). Studies on authentic assessment 

have shown that contextual and performance-

based assessment can improve knowledge transfer, 

engagement and students’ ability to apply concepts 

in realistic situations (11, 12). Meanwhile, research 

on scientific reading and science literacy 

emphasizes that students’ ability to analyze 

scientific texts and extract relevant information 

plays an important role in constructing accurate 

problem representations (13, 14). Nevertheless, 

limited studies have explored the integration of 

these three components as a unified model for 

improving physics problem-solving skills. 

To address this limitation, the present study 

proposes the integration of Scientific Reading-

Based Authentic Assessment (AA-SR) into 

Problem-Based Learning. AA-SR is conceptualized 

as an instructional-assessment framework 

consisting of the Scientific Reading Task (SRT), 

Authentic Task (AT) and Reflection and Feedback 

(RF). Scientific Reading Task assists students in 

identifying information and developing an 

understanding of the problem; the Authentic Task 

provides opportunities to apply physics concepts 

in meaningful contexts; and Reflection and 

Feedback encourage students to evaluate their 

reasoning and improve their solutions. Unlike 

conventional assessment practices that mainly 

measure learning outcomes, AA-SR positions 

assessment as an integral part of the learning 

process that continuously supports students’ 

cognitive and metacognitive development. 

Based on the identified research gap, this study 

aims to investigate the effectiveness of integrating 

AA-SR into PBL in enhancing students’ physics 

problem-solving skills. Specifically, this study 

addresses the following research questions:  

(a) Does the implementation of AA-SR integrated 

into PBL significantly improve students’ physics 

problem-solving skills compared with 

conventional PBL?  

(b) Which indicators of problem-solving skills 

show the greatest improvement after the 

implementation of AA-SR? and  

(c) How do the components of AA-SR contribute to 

students’ problem-solving processes?  

It was hypothesized that students who learn 

through AA-SR integrated into PBL would achieve 

significantly higher problem-solving performance 

because the integration of scientific reading, 

authentic tasks and reflective feedback provides 

structured support throughout the problem-

solving process. 
 

Methodology 
His study was designed to evaluate the 

effectiveness of Scientific Reading-Based Authentic 

Assessment (AA-SR) integrated into Problem-

Based Learning (PBL) in enhancing students' 

physics problem-solving skills (15, 16). Problem-

based learning has been shown to have a positive 

effect on students' motivation and physics 

problem-solving skills (17), while authentic 

assessment approaches grounded in scientific 

literacy and reading have been demonstrated to 

support students' scientific cognition (15). A 

quantitative research approach was employed to 

examine the impact of the intervention by 

comparing students' performance before and after 

the learning process, consistent with quasi-
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experimental pretest-posttest designs commonly 

used to evaluate PBL-based interventions (18). The 

methodology was structured to ensure systematic 

implementation, including research design 

selection, participant criteria, learning interven-

tion procedures, implementation consistency, 

instrument development and statistical analysis. 

These methodological procedures were 

established to provide valid evidence regarding the 

contribution of AA-SR in supporting students' 

cognitive and metacognitive processes during 

physics problem solving (18). 

Research Design 
This study employed a quasi-experimental design 

with a pretest-posttest control group approach to 

examine the effectiveness of integrating Scientific 

Reading-Based Authentic Assessment (AA-SR) into 

Problem-Based Learning (PBL) on students’ 

physics problem-solving skills. A quasi-

experimental design was selected because the 

study was conducted in an authentic classroom 

environment where random assignment of 

individual students was not practically possible. 

This design allows researchers to evaluate 

instructional interventions while maintaining the 

natural structure of existing classes (19). 

The experimental group received PBL instruction 

integrated with AA-SR components, while the 

control group received conventional PBL without 

explicit integration of scientific reading-based 

assessment activities. Both groups completed a 

pretest before the intervention and a posttest after 

the intervention to measure changes in physics 

problem-solving performance. The research 

design structure is presented in Table 1. 
 

Table 1: Quasi-Experimental Pretest-Posttest Control Group Design 

Group Pretest Learning Intervention Posttest 

Experimental group Problem-solving test PBL integrated with AA-SR Problem-solving test 

Control group Problem-solving test Conventional PBL Problem-solving test 
 

As shown in Table 1, both groups followed the 

same testing procedures, while the difference was 

located in the instructional treatment. This design 

enabled the comparison of learning outcomes 

between students experiencing AA-SR-based 

learning and those experiencing conventional PBL. 

Participants and Research Setting 
The participants consisted of 57 tenth-grade 

students from MAS Arrisalah Padang, Indonesia. 

The experimental group consisted of 30 students, 

while the control group consisted of 27 students. 

The selection of participants was conducted using 

purposive sampling based on the availability of 

comparable classes and similarity of academic 

characteristics before the intervention (20). 

The inclusion criteria for participation were:  

(a) students enrolled in tenth-grade physics 

classes,  

(b) students who participated in all learning 

sessions and  

(c) students who completed both pretest and 

posttest assessments.  

Students were excluded when they:  

(a) did not complete one of the assessment stages, 

(b) were absent during the intervention process, or 

(c) withdrew from participation.  

To provide a clearer description of the research 

sample, the demographic characteristics of 

participants are presented in Table 2. 

 

Table 2: Demographic Characteristics of Research Participants 

Characteristics Experimental Group (n = 30) Control Group (n = 27) 

Grade level Grade X Grade X 

Mean age 15 15 

Male students 30 27 

Female students 0 0 

School type Islamic senior high school Islamic senior high school 

Physics topic Newton’s Laws Newton’s Laws 

Characteristics Experimental Group (n = 30) Control Group (n = 27) 
 

Table 2 indicates that both groups shared similar 

educational characteristics, including grade level, 

school context and physics learning content. This  

 

similarity was considered important to minimize 

potential differences caused by participant 

characteristics rather than instructional 

intervention. 
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Learning Intervention and 

Implementation Fidelity 
The intervention was conducted on Newton’s Laws 

topics through structured learning sessions. The 

AA-SR framework consisted of three main 

components: Scientific Reading Task (SRT), 

Authentic Task (AT) and Reflection and Feedback 

(RF). These components were embedded into the 

stages of PBL to support students’ problem-solving 

processes from understanding problems to 

evaluating solutions (21). 

The integration between AA-SR components, PBL 

stages and targeted problem-solving processes is 

presented in Table 3. 

 

Table 3: Integration of AA-SR Components Within Problem-Based Learning 

PBL Stage AA-SR Component Learning Activity Problem-Solving 

Indicator 

Problem orientation Scientific Reading Task Reading and identifying 

scientific information 

from contextual problems 

Understanding the 

problem 

Organizing learning 

activities 

Scientific Reading Task Determining relevant 

concepts and variables 

Understanding and 

planning 

Guiding investigation Authentic Task Applying physics concepts 

in authentic situations 

Planning and carrying out 

solutions 

Developing solutions Authentic Task Constructing explanations 

and solutions 

Carrying out solutions 

Evaluation Reflection and Feedback Reviewing reasoning and 

receiving feedback 

Evaluating results 

 

Table 3 illustrates that AA-SR was designed as an 

integrated instructional-assessment process 

rather than a separate evaluation activity. Each 

component provided specific support for different 

stages of students’ problem-solving development. 

To ensure consistency of implementation, both 

experimental and control groups were taught by 

the same physics teacher. The teacher followed 

standardized lesson plans prepared before the 

intervention. An implementation observation 

checklist was used during each learning session to 

ensure that the AA-SR components were 

consistently applied in the experimental group and 

that both groups received comparable 

instructional duration and learning materials (22). 

Research Instrument 
Students’ physics problem-solving skills were 

measured using an essay-based test developed 

based on problem-solving indicators adapted from 

Po lya’s framework (23). Essay assessment was 

selected because it allows evaluation of students’ 

reasoning processes rather than only final 

answers. The test focused on Newton’s Laws and 

assessed four indicators: understanding the 

problem, planning the solution, carrying out the 

solution and evaluating the result. 

Each item was assessed using an analytical scoring 

rubric. The operational definitions of problem-

solving indicators are presented in Table 4. 

 

Table 4: Operational Definitions of Physics Problem-Solving Indicators 

Indicator Description 

Understanding the problem Ability to identify known information, unknown variables and relevant concepts 

Planning the solution Ability to determine strategies and select appropriate physics principles 

Carrying out the solution Ability to apply concepts and complete problem-solving procedures accurately 

Evaluating the result Ability to verify answers and justify solution accuracy 
 

Table 4 shows that the assessment focused on the 

complete problem-solving process, including 

cognitive and reflective aspects required in physics 

reasoning. 

Data Analysis 
The collected data were analyzed using descriptive 

and inferential statistics. Descriptive analysis 

included mean scores and standard deviations to 

describe students’ performance before and after 

the intervention. Learning improvement was 

analyzed using normalized gain (N-gain) to 

determine the magnitude of improvement in each 

problem-solving indicator. Before hypothesis 

testing, assumption tests were conducted, 

including normality and homogeneity analyses. An 

independent-samples t-test was used to compare 

posttest scores between the experimental and 
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control groups. This analysis was selected because 

preliminary pretest results indicated comparable 

initial abilities between groups, allowing post-

intervention differences to be evaluated based on 

learning outcomes. Similar approaches have been 

applied in educational intervention studies 

involving equivalent pretest-posttest comparison 

groups (24). In addition, Cohen’s d effect size was 

calculated to determine the practical significance 

of the AA-SR intervention. The analysis focused not 

only on overall scores but also on each problem-

solving indicator to identify which aspects 

benefited most from the intervention. 
 

Results 
The results section presents the empirical 

evidence regarding the effectiveness of Scientific 

Reading-Based Authentic Assessment (AA-SR) 

integrated into Problem-Based Learning (PBL) in 

improving students’ physics problem-solving 

skills. The analysis focuses on students’ initial 

abilities before intervention, differences in 

learning outcomes after intervention, improve-

ment across problem-solving indicators and 

changes in students’ written reasoning processes. 

Initial Students’ Problem-Solving 

Ability Before Intervention 
Before implementing the learning intervention, a 

pretest was administered to both experimental and 

control groups to examine students’ initial physics 

problem-solving abilities. This analysis was 

important to ensure that both groups had 

comparable baseline abilities before receiving 

different instructional treatments. The comparison 

of pretest scores between the experimental and 

control groups is presented in Table 5. 

 

Table 5: Pretest Comparison of Students’ Physics Problem-Solving Skills Before Intervention 

Group N Mean Standard Deviation Category 

Experimental Group 30 57.08  4.55 Low 

Control Group 27 51.34  4.88 Low 

Note: N= Number of Participants 
 

The results presented in Table 5 indicate that both 

groups demonstrated relatively similar initial 

problem-solving abilities before the intervention. 

Students in both groups experienced difficulties in 

interpreting physics problems, determining 

appropriate solution strategies and evaluating 

their answers. These findings suggest that the 

experimental and control groups started from 

comparable learning conditions, allowing further 

analysis of the instructional effect of AA-SR 

integration. 

Effect of AA-SR on Students’ Physics 

Problem-Solving Performance 
After the intervention, differences in students’ 

problem-solving performance were observed 

between the experimental and control groups. The 

posttest results were analyzed based on four 

problem-solving indicators: understanding the 

problem, planning the solution, carrying out the 

solution and evaluating the result. The comparison 

of posttest performance between the two groups is 

presented in Table 6. 
 

Table 6: Comparison of Posttest Scores Across Problem-Solving Indicators 

Indicator Experimental Group (M ± SD) Control Group (M ± SD) 

Understanding the Problem 90.63 ± 4.82 61.84 ± 6.25 

Planning the Solution 87.66 ± 4.63 58.82 ± 6.01 

Carrying Out the Solution 88.73 ± 4.56 59.63 ± 6.12 

Evaluation 71.83 ± 4.61 52.46 ± 6.28 

Overall Score 84.71 ± 4.66 58.19 ± 6.17 
 

The results in Table 6 demonstrate that students 

who learned through AA-SR integrated with PBL 

achieved higher scores across all problem-solving 

indicators compared with students who 

experienced conventional PBL. The most notice-

able improvement occurred in the understanding 

and planning indicators, suggesting that the 

Scientific Reading Task component helped 

students analyze problem situations and organize 

relevant information before attempting mathe-

matical solutions. 

To provide a clearer visualization of students’ 

performance differences across problem-solving 

indicators, the comparison between the 

experimental and control groups is presented in 

Figure 1. 
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Figure 1: Comparison of Posttest Scores Across Physics Problem-solving Indicators  

Between Experimental and Control Groups 
 

Figure 1 shows that the experimental group 

consistently outperformed the control group in all 

indicators. The difference was particularly evident 

in the early stages of problem solving, where 

students were required to understand information 

and develop solution strategies. This finding 

indicates that AA-SR supports not only final 

performance but also the thinking processes 

required to solve physics problems systematically. 

Statistical Effect of AA-SR 

Implementation 
To determine whether the observed difference 

between groups was statistically significant, an 

independent-samples t-test was conducted. The 

statistical comparison of students’ posttest scores 

is presented in Table 7. 

 

Table 7: Independent-samples T-test Results for Students’ Problem-solving Performance 

Variable Experimental 

Group (M ± SD) 

Control Group 

(M ± SD) 

t-test df p-value Cohen’s d 

Problem-solving skills 84.71 ± 4.66 58.19 ± 6.17 18.42 55 <0.001 4.88 

Note: df = Degree of Freedom 
 

As shown in Table 7, the independent-samples t-

test revealed a significant difference between the 

experimental and control groups. The results 

indicate that students who experienced AA-SR 

integrated into PBL achieved significantly higher 

physics problem-solving performance. Further-

more, the effect size analysis showed a very large 

effect (Cohen’s d = 4.88), suggesting that the 

integration of scientific reading, authentic tasks 

and reflective feedback provided substantial 

support for students’ problem-solving develop-

ment. 

Improvement of Problem-solving 

Indicators Based on N-Gain Analysis 
In addition to comparing final achievement scores, 

N-gain analysis was conducted to assess the 

magnitude of improvement for each problem-

solving indicator. The comparison of students’ 

improvement between the experimental and 

control groups is presented in Table 8. 
 

Table 8: Comparison of N-Gain Scores Across Problem-solving Indicators 

Indicator Experimental Group Category Control Group Category 

Understanding the Problem 0.86 High 0.11 Low 

Planning the Solution 0.79 High 0.07 Low 

Carrying Out the Solution 0.61 Moderate 0.11 Low 

Evaluation 0.44 Moderate 0.23 Low 
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The results presented in Table 8 show that the AA-

SR intervention produced greater improvement 

across all problem-solving indicators. The greatest 

improvement occurred in understanding the 

problem, indicating that scientific reading 

activities effectively supported students in 

identifying information, interpreting contexts and 

recognizing relevant physics principles. 

The comparison of N-gain scores between 

experimental and control groups is illustrated in 

Figure 2. 

 

 
Figure 2: Comparison of N-Gain Scores Between Experimental and Control Groups  

Across Problem-solving Indicators 
 

Figure 2 confirms that AA-SR produced stronger 

learning improvement than conventional PBL. The 

integration of the Scientific Reading Task and the 

Authentic Task particularly enhanced students’ 

ability to understand and plan solutions. However, 

the evaluation indicator showed relatively lower 

improvement, suggesting that developing 

reflective and metacognitive skills requires 

continuous practice and longer learning 

experiences. 

Analysis of Students’ Problem-solving 

Responses 
To obtain deeper insight into how AA-SR 

influenced students’ reasoning processes, stu-

dents’ written responses before and after the 

intervention were analyzed. The comparison of 

students’ problem-solving characteristics is 

presented in Table 9. 

 

Table 9: Comparison of Students’ Written Responses Before and After AA-SR Implementation 

Indicator Before AA-SR After AA-SR 

Understanding Limited identification of 

information 

Complete identification of variables and 

concepts 

Planning Unclear strategy selection Structured solution planning 

Execution Formula-based calculation without 

explanation 

Concept-based and systematic calculation 

Evaluation Minimal verification Logical justification and reflection 
 

The qualitative evidence presented in Table 9 

supports the quantitative findings by showing 

improvements in students’ reasoning processes. 

Before AA-SR implementation, students tended to 

focus directly on calculations without analyzing the 

problem context. After participating in AA-SR-

based learning, students demonstrated more 

structured reasoning by identifying relevant 

information, selecting appropriate concepts, 

explaining solution steps and evaluating their 

answers. Overall, these findings demonstrate that 

AA-SR integrated into PBL improves physics 

problem-solving skills by strengthening both 

cognitive processes, such as understanding and 
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applying concepts and metacognitive processes, 

such as monitoring and evaluating solutions. 
 

Discussion 
The findings of this study demonstrate that 

integrating Scientific Reading-Based Authentic 

Assessment (AA-SR) into Problem-Based Learning 

(PBL) significantly improves students’ physics 

problem-solving skills compared with conven-

tional PBL. These results answer the first research 

question by confirming that students who 

experienced AA-SR showed higher performance 

because the learning process provided structured 

support from understanding problems to 

evaluating solutions. The effectiveness of this 

approach can be explained by the alignment 

between problem-oriented learning activities and 

assessment processes that continuously guide 

students’ reasoning. Previous studies have 

emphasized that successful physics problem 

solving depends not only on conceptual knowledge 

but also on students’ ability to construct 

representations, select appropriate strategies and 

monitor their thinking processes (2). Therefore, 

embedding assessment within learning activities 

allows students to receive continuous support 

during each stage of problem solving rather than 

only receiving evaluation after learning has ended. 

The improvement found in the experimental group 

indicates that AA-SR strengthens the implemen-

tation of PBL by addressing several challenges 

commonly found in problem-based environments. 

Although PBL encourages inquiry and active 

knowledge construction, students may experience 

difficulties when they are required to solve 

complex problems without sufficient scaffolding. 

The integration of the Scientific Reading Task, the 

Authentic Task and Reflection and Feedback 

provides a systematic pathway that helps students 

analyze information, apply concepts and evaluate 

their solutions. This finding extends previous 

research showing that PBL becomes more effective 

when supported by structured guidance that helps 

students organize knowledge and regulate their 

learning processes (1, 9). Thus, AA-SR contributes 

by transforming assessment from a separate 

measurement activity into an active component of 

the learning process. 

The second research question focused on 

identifying which problem-solving indicators 

showed the greatest improvement after AA-SR 

implementation. The results showed that the 

greatest improvement occurred in the 

understanding-the-problem indicator. This finding 

suggests that the Scientific Reading Task 

component successfully helped students interpret 

problem contexts, recognize important 

information and connect scientific concepts before 

attempting calculations. In physics learning, 

difficulties often emerge because students fail to 

develop accurate problem representations rather 

than because they lack mathematical ability. 

Scientific reading activities encourage learners to 

slow down the problem-solving process, analyze 

information critically and construct meaningful 

relationships between concepts and evidence. This 

interpretation is consistent with previous studies 

indicating that scientific literacy and reading-

based strategies improve students’ ability to 

comprehend scientific information and develop 

stronger conceptual representations (13, 14). 

The improvement in planning and carrying out 

solutions further indicates that Authentic Task 

plays an important role in bridging conceptual 

understanding and practical application. Through 

authentic activities, students are encouraged to 

apply Newtonian concepts in meaningful 

situations instead of memorizing equations 

without understanding their relevance. This 

process supports the development of strategic 

thinking because students must determine 

appropriate principles, organize solution steps and 

justify their reasoning. Previous studies have 

shown that authentic assessment promotes deeper 

learning by connecting classroom knowledge with 

real-world contexts and encouraging students to 

demonstrate higher-order thinking skills (11, 12). 

Therefore, the combination of authentic 

assessment and PBL provides students with 

opportunities to transform theoretical knowledge 

into applicable problem-solving strategies. 

Although all indicators improved after the 

intervention, the evaluation indicator remained 

the most challenging aspect for students. This 

result supports the initial hypothesis that 

evaluation and reflective reasoning require longer 

learning experiences because they involve 

metacognitive processes such as monitoring, 

checking and judging the quality of one’s own 

thinking. Students may successfully understand 

concepts and perform calculations, but still 

struggle to critically evaluate whether their 
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answers are scientifically reasonable. Previous 

research has shown that self-evaluation and 

metacognitive regulation develop gradually 

through repeated feedback opportunities and 

explicit reflective practices (25, 26). Therefore, 

although the Reflection and Feedback component 

of AA-SR contributed positively, longer 

implementation periods may be required to 

maximize students’ evaluative abilities. 

Regarding the third research question, the findings 

reveal that AA-SR contributes to students’ 

problem-solving processes by creating an 

integrated learning cycle consisting of 

interpretation, application and reflection. The 

Scientific Reading Task helps students construct 

initial understanding, the Authentic Task supports 

the application of knowledge and Reflection and 

Feedback encourage students to reconsider and 

improve their solutions. This integrated 

mechanism represents the main theoretical 

contribution of the study because previous 

research has commonly investigated scientific 

reading, authentic assessment and PBL separately. 

By combining these components, AA-SR provides a 

more comprehensive framework that supports 

both cognitive and metacognitive dimensions of 

problem solving. This perspective aligns with 

current developments in assessment research, 

emphasizing that assessment should support 

learning development rather than merely measure 

final achievement (2, 3, 27). 

From a practical perspective, the AA-SR framework 

offers an alternative instructional approach for 

physics teachers who aim to develop students’ 

reasoning abilities. The findings suggest that 

students need structured opportunities to read 

scientific problems, engage with authentic contexts 

and reflect on their thinking processes. However, 

several limitations should be acknowledged. The 

study involved 57 students from a specific 

educational setting, which may limit the 

generalizability of the findings to broader 

populations. In addition, the intervention was 

conducted within a limited period; therefore, 

future research should involve larger and more 

diverse samples, longer implementation periods 

and different physics topics to examine the 

consistency of AA-SR effectiveness. Future studies 

may also explore the integration of AA-SR with 

digital learning environments to support adaptive 

feedback and students’ independent learning 

processes (9, 28–30). 
 

Conclusion 
This study investigated the effectiveness of 

integrating Scientific Reading-Based Authentic 

Assessment (AA-SR) into Problem-Based Learning 

(PBL) to enhance students’ physics problem-

solving skills. The findings provide empirical 

evidence that students who learned through AA-

SR-integrated PBL achieved significantly better 

problem-solving performance than students who 

experienced conventional PBL. These results 

confirm that the integration of scientific reading 

activities, authentic learning tasks and reflective 

feedback provides meaningful support for 

students throughout the problem-solving process, 

from understanding scientific information to 

evaluating the validity of their solutions.The 

results further demonstrate that AA-SR produced 

different levels of improvement across problem-

solving indicators. The greatest improvement was 

found in understanding the problem, indicating 

that the Scientific Reading Task effectively 

supported students in identifying relevant 

information, interpreting problem contexts and 

constructing accurate conceptual representations. 

Improvements were also observed in planning and 

carrying out solutions, suggesting that Authentic 

Task activities helped students transform 

conceptual understanding into systematic 

problem-solving strategies. However, evaluation 

remained the most challenging indicator, showing 

that reflective and metacognitive abilities require 

continuous practice and longer learning 

experiences. 

The main contribution of this study lies in the 

conceptualization and empirical examination of 

AA-SR as an integrated instructional-assessment 

framework within PBL. Unlike conventional 

approaches that separate learning activities and 

assessment practices, AA-SR positions assessment 

as an active component of learning that facilitates 

cognitive processing, application of knowledge and 

reflective thinking. Therefore, this study expands 

existing perspectives on assessment-based 

learning by demonstrating how scientific reading, 

authentic assessment and feedback mechanisms 

can be combined to strengthen physics problem-

solving skills. From a practical perspective, the AA-

SR framework provides an alternative strategy for 
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physics teachers to design learning environments 

that emphasize reasoning processes rather than 

only final answers. Teachers can integrate 

structured scientific reading activities, contextual 

problem tasks and reflective feedback to help 

students develop deeper conceptual 

understanding and more systematic approaches to 

solving physics problems.  

Despite these contributions, several limitations 

should be acknowledged. The study involved a 

relatively limited number of participants from a 

specific educational context, which may influence 

the generalizability of the findings. Furthermore, 

the intervention was conducted within a limited 

instructional period, which may not fully capture 

the long-term development of students’ reflective 

and evaluative abilities. Future research is 

recommended to examine the effectiveness of AA-

SR with larger and more diverse student 

populations, different educational levels and 

various physics topics. Longitudinal studies are 

also needed to explore how continuous exposure to 

AA-SR influences students’ metacognitive 

development and long-term problem-solving 

performance. Further investigations integrating 

AA-SR with digital learning technologies may 

provide additional insights into adaptive and 

personalized approaches for supporting science 

learning. 
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