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Abstract 
Aim: Filipino students registered dismal science results in international assessments like PISA and TIMSS. Enthused 
by this, the present study was aimed to document the effectiveness of inquiry-based physics e-modules on secondary 
school student academic performance in a face-to-face collaborative instruction. 
Methodology: As a developmental study, this research aimed at determining the effectiveness of inquiry-based 
physics e-modules on Grade 10 student academic performance in a face-to-face collaborative learning set-up in three 
different parameters: achievement test, engagement, and classroom discourse quality using a quasi-experimental 
research design and 26 participants in each control (using printed modules) group and experimental group (e-modules). 
Data were collected from the achievement test scores, engagement survey, and audio recordings of whole-class 
sessions. 
Results: Findings show no statistically significant difference in the achievement test scores between the control and 
experimental groups. Conversely, the control group had better overall engagement and cognitive and emotional 
engagement, with statistically significant difference, but inferior classroom discourse quality. The experimental group 
classroom discourse is marked by diverse extended student contributions such as explanation, evaluation, 
argumentation, and justification. 
Conclusion: Given the results, it can be argued that the use of inquiry-based e-module can not only facilitate learning 
of physics concepts, but also ensure deep understanding among students, enabling them in a quality classroom 
discourse. 
Keywords: inquiry-based, e-modules, engagement, classroom discourse 

 
INTRODUCTION 
 
The shift from teacher- to student-centered pedagogy 

Education thrust in recent years shifted from teacher- to student-centered pedagogies because in teacher-
centered learning environment, students play passive roles (Rogers, 1983, as cited in O’Neill & Macmahon, 2005), while 
in student-centered classroom, pedagogies highlights inquiry, making learning meaningful and authentic (Garrett, 
2008). Student-centered pedagogy, which is rooted from the constructivist learning theory and progressive education 
movement (Mascolo, 2009), has emerged as a global reform strategy in Southeast Asian countries, including the 
Philippines (Del Valle, 2021). This education shift was also introduced in the Philippines through the Philippine Republic 
Act No. 10533 or the Enhanced Basic Education Act of 2013 (K to 12 Basic Education Reform), where the Department 
of Education (DepEd) was engaged to develop a curriculum that is learner-centered and shall use pedagogical 
approaches that are constructivist, inquiry-based, reflective, collaborative, and integrative. The K to 12 Basic Education 
Reform was aimed at improving Filipino students’ mathematical and scientific competence (Enderun Colleges, 2022). 
 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1517 
 

Filipino students’ performance 
Despite the national initiative through the K-12 reform, the recent results of the Programme for International 

Student Assessment (PISA) 2022 and the Trends in International Mathematics and Science Study (TIMSS) 2019 show 
results contrary to expectations; Filipino students performed unfavourably in mathematics and in science when 
compared to their counterparts in other participating countries. These results reinforce the need to improve the way 
science is taught in Philippine schools (Sarsale & Langub, 2023) and to address them, efforts are focused in 
implementing inquiry-based learning, a pedagogy identified to be effective for science and mathematics instruction. 
 
The roles of inquiry-based learning and collaborative learning 

Inquiry-based learning (IBL) approach is a student-centered approach that fosters inquiry which is an essential 
part of science education. Its goal is to transform the learners from being passive to being active participants in the 
learning process and to empower both the teacher and the students to maximize the outcomes of the teaching-learning 
process. The students take a greater role and responsibility for their learning by constructing knowledge through the 
different means provided, such as engagement with problems, questions, and other related activities. Collaborative 
learning (CL) is another student-centered approach that involves learners in groups that are working together to 
perform or accomplish tasks, create an output, and find solutions to problems. 
 
Education during the COVID-19 pandemic 

As the shift from teacher-centered to student-centered education progressed, the COVID-19 pandemic 
happened in 2020, affecting the education system greatly. The pandemic abruptly changed the education landscape, 
translating education delivery to online teaching and learning (Dehghan et al., 2022) in a short period of time. Such a 
public health crisis accelerated the integration of technology in education and prompted us to find other ways to deliver 
educational content and one of these is through e-modules. These materials are basically modules in electronic format 
and are used through computers (Astalini et al., 2021). E-modules contain information in different forms like images, 
simulations, video clips, animations, and interactive questions that can support learning (Afriyanti et al., 2021).  
 
Research focus and relevance 

Given the changes brought by the pandemic in the education system, the question arises on the relevance of 
the different digital resources for learning as schools return to face-to-face modality and the thrusts that innovations 
introduced during the pandemic must be utilized. This research is inspired by the efforts to shift from teacher-centered 
to student-centered education, and the need to address the low learning outcomes of students. This study determines 
the effectiveness of inquiry-based e-modules for physics in face-to-face collaborative instruction in students’ academic 
performance in three different parameters: achievement test, engagement, and classroom discourse quality. The 
results of this investigation can provide feasible changes that can be adopted on the infrastructures and materials 
developed at the height of the pandemic so that they can be made more relevant for use in the post-pandemic era in 
the country and in other education systems similar to that of the Philippines. 
 
Conceptual Framework 

The inquiry-based physics e-modules were designed to guide the students in the exploration, understanding, 
and making meaning of different Physics concepts and were used in face-to-face collaborative instruction. This provided 
opportunities for students to engage in sharing and co-constructing knowledge with their peers, enhancing their 
achievement. This kind of set-up also promotes students’ engagement through active involvement in the learning 
process. It also improves classroom discourse quality by fostering meaningful discussions, exchange and evaluation of 
ideas, and questioning. The above discussed ideas were summarized as shown in Figure 1 and it serves as the research 
framework of this study. 
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Figure 1 
Conceptual Framework  

 

Figure 1 illustrates the relationship between the inquiry based e-module, collaborative learning, and student 
academic performance in terms of achievement, engagement, and classroom discourse quality. 
 
Inquiry-based Learning (IBL) 

IBL is the most frequently discussed constructivist teaching approach in a wide body of research and literature 
in science education and is promoted by different education departments and ministries across the world (Bächtold, 
2013), including the Philippines. IBL are teaching and learning strategies that allow students to inquire into the nature 
of a problem or question, which serves as a mechanism to engage them in the learning process (Blessinger & Carfora, 
2015), where they construct knowledge on their own (Aidoo et al., 2022). It is positively associated with students' 
attitudes and motivation towards learning science (Areepattamannil et al., 2020; Baldock & Murphrey, 2020; Ferreira 
et al., 2021). Several studies have shown that IBL is superior to the traditional method in teaching science (Ucar & 
Trundle, 2011; Vlassi & Karaliota, 2013).  

There are existing instructional models that can be employed in IBL. The 5E model is the most mainstreamed 
in both the inquiry approach and STEM education (Ünlü & Dökme, 2022). It is a five-phase instructional framework 
including engaging, exploring, explaining, extending, and evaluation (Kaçan & Şahin, 2017). Each phase has its role to 
help the teacher organize a coherent instructional procedure and to help the students have a better understanding of 
scientific knowledge, skills, and attitudes (Grau et al., 2021).  

Despite IBL’s potential and the fact that Filipino teachers generally view it positively (Garcia et al., 2024), its 
implementation faced several challenges in Philippine classrooms such as the availability of materials and the time-
consuming nature of IBL (Gutierez, 2015). 
 
e-Modules 

e-Modules are instructional materials that contain multimedia tools such as audio and video in addition to 
texts and images that are facilitated by ICT tools such as computers (Delita et al., 2022). One of the most common 
media formats of e-modules are pdf and flipbook formats. There is substantial research on the use of e-modules in 
online set-up where it was found to enhance students’ learning outcomes (Misbah et al., 2021; Istuningsih et al., 2018) 
and critical thinking skills (Sujanem et al., 2020). 
 
Collaborative Learning (CL) 

CL is a range of instructional approaches to small group learning (Yang, 2023) which involves the shared 
effort of the students and teachers (Smith et al., 1992 as cited in Rumiantsev et al., 2023) to resolve problems or 
discuss concepts. Social interactions, social presence, and social media use are some factors affecting students' 
performance in CL (Qureshi et al, 2021). CL is found to promote social interaction, which results in better social 
presence and more active learning (Qureshi et al., 2021), academic achievement (Gokhale, 1995), student engagement 
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(Warsah et al., 2021), and motivation (Loes, 2022). CL can also be facilitated with technology. Computer-supported 
collaborative learning has been part of different teaching and learning models. It can be designed to facilitate high-
level cognitive achievement in both online and classroom learning environments (Järvelä et al., 2023). 
 
Student Academic Performance 

There are different terms that are used synonymously to refer to this construct which includes “school 
readiness”, “academic achievement” and “school performance” (Lamas, 2015). Since there is no consensus on the 
definition of academic performance, it is measured using different yardsticks. The most common way that has become 
the standard is the grade point average (Al Matalka & Al Dwakat, 2022) and scores in achievement tests and 
examinations (Said et al., 2018). These tests are intended to measure the students’ degree of learning in a specific 
subject or content area (Elliott, 2017; Groth-Marnat, 2019).  

Although academic performance is usually assessed using standardized metrics, it is also important to look at 
other critical elements like engagement. It is used to recognize what students are feeling, doing, and thinking about 
during the learning process (Zepke, 2018, as cited in Li and Xue, 2023). Hofkens and Ruzek (2019) argued that 
engagement is not a student’s characteristics but rather the degree or quality of his/her involvement in various school 
activities, and it is malleable. Engagement is also multidimensional and consists of three interrelated but distinct 
domains: cognitive, behavioral, and emotional (Fredricks et al., 2004, as cited in Wang et al., 2016). In addition, Wang 
et al. (2016) argued that a social dimension should be added in measuring student engagement. 

In addition to engagement, classroom discourse quality has a crucial role in the learning experience. It refers 
to all the talking that happens in the classroom or any educational setting (Jocuns, 2012).  According to Kaya et al. 
(2016), classroom discourse comes as a triadic dialogue and may follow patterns such as question-answer-evaluation, 
initiation-response-evaluation, and initiation-response-follow up. Zastavker et al. (2013) argued that discourse analysis 
is a helpful tool to understand a classroom’s culture that includes interaction of students and teachers which will 
ultimately help teachers to provide more effective learning opportunities for their students. According to Hardman 
(2019), a high frequency of extended student contributions is an indicator of a high-quality classroom discourse. 
 
Objectives 

While there is a substantial body of literature that explores the potential of the two student-centered 
approaches, IBL and CL, much of these have studied them separately. In addition, the majority of research on these 
two approaches was done in either online or onsite classroom settings, with less research on the integration of the two 
approaches. Moreover, the majority of the research in e-modules was either done in online or hybrid learning set-ups 
and there is limited research on the integration of e-modules in a face-to-face collaborative set-up. This study fills these 
gaps by exploring the effectiveness of the integration of inquiry-based Physics e-modules in face-to-face collaborative 
instruction on secondary school student academic performance.  

Specifically, this study sought to address the following questions: 
1. What is the performance of the control and experimental groups during and after the implementation of the 

treatment for Grade 10 Physics content in terms of the parameters listed below? 
a. achievement test 
b. engagement 
c. classroom discourse quality 

2. Is there a significant difference in the achievement test scores of the control and experimental groups after 
the implementation of the treatment? 

3. Are there marked differences in student engagement and classroom discourse quality of the control and 
experimental groups during the implementation of the treatment? 

 
Hypothesis 

1. There is no significant difference in the achievement test scores of the control and experimental groups after 
the implementation of the treatment. 

2. There are no marked differences in the student engagement and classroom discourse quality of the control 
and experimental groups during the implementation of the treatment. 
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METHODS 
 
Research Design 

As a developmental study, this research aimed to determine the effectiveness of inquiry-based physics e-
modules for secondary school in a face-to-face collaborative learning set-up, using a quasi-experimental research 
design.  

Developmental research deals with new educational models, procedures, and tools, their effectiveness, and 
efficiency in addressing problems in the field of education. As part of this, developmental research identifies findings 
that are context-specific and recognize its relevance to other contexts of teaching and learning (Richey et al., 2004). 
Being a developmental study, this research explored the integration of two student-centered approaches – IBL and CL 
– using e-modules in a face-to-face collaborative physics instruction and determined their effectiveness on student 
academic performance, filling the gap in the existing literature showing that their integration has not been widely 
explored. 

Quasi-experimental research tests the causal hypothesis (White & Sabarwal, 2014) and mimics experimental 
conditions in which some subjects or participants are exposed to a treatment and others are not (Gopalan et al., 2020). 
Unlike a true experimental design which makes use of randomized participants to form research groups, in quasi-
experimental designs, participants were not selected and assigned in the experimental and control groups because 
such assignment is not practical and may incur ethical considerations (APA Dictionary of Psychology, n.d.).  
 
Population and Sampling 

The research participants were from two intact classes of Grade 10 of a private school located in an urban 
area. Before the start of the school year, the school assigned the students to their respective classes based on their 
general average from the previous school year, ensuring heterogeneity, each with students of varying levels of 
proficiency. Hence, random assignment to control and experimental groups was not possible. They were in the same 
age bracket of 15-16 years. They were exposed to the same curriculum aligned with the K-12 curriculum prescribed 
by the Philippine Department of Education that emphasizes student-centered approaches like IBL and CL, attending 50 
minutes of Science class, five times a week. To further equate the control and experimental groups, proximity matching 
was done using the general averages of the students in Science and Math from the previous school year. Matching 
methods attempt to closely mimic the ideal conditions of randomized experiments by using observational data (Stuart 
& Rubin, 2008).“Proximity” refers to the similarity or closeness on the general averages of the students in Science and 
Math from the previous school year between the two groups. This was done to ensure comparability between the two 
groups, since random assignment was not feasible. However, this only matched the samples in the variables that are 
considered and measured in the process, and may reduce the sample size, limiting the generalizability. 

Out of the 40 individuals from each class, 26 matches occurred (12 male, 14 female) and were considered as 
the participants of the study. The other students who were unmatched remained in the group, but their data in the 
research variables were pruned during the data analysis. The participants in both the control and experimental groups 
worked in collaborative groups with three members during the implementation of the treatment. 
 
Instrument 
  There were a total of seven inquiry-based e-modules (IBeM) and seven printed modules (PM), both containing 
the same set of physics topics from Science 10 such as electromagnetism, electromagnetic spectrum, reflection and 
refraction of light. Both types of modules underwent peer-review and validation by five high school science teachers. 
The IBeM, containing materials, resources, and learning activities in the form of texts, images, video clips, simulations, 
and other online tools, were used by the experimental group in face-to-face collaborative setup during their Science 
period, through Google Classroom. Each collaborative group used one computer to access its IBeM. The researcher 
removed their access after each class session. On the other hand, one copy of the PM, which did not have multimedia 
materials, but contents and resources were in the form of text and images, was provided to each collaborative group 
in the control group during their Science period and was collected after each class session.  

Each module included a series of activities that followed the 5E Model. During the Engage phase, the students’ 
interests were stimulated by providing background information like historical accounts, real-life scenarios, 
demonstrations presented in multimedia elements (videos, simulations, and images) in the IBeM, and through text and 
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images in the PM. Thought-provoking questions were posed to activate curiosity and introduce the topic. In the Explore 
phase, concepts were introduced and tackled through simulations, hands-on, and reading activities. The experimental 
group explored the lessons using interactive multimedia in the IBeM, while the control group used the information and 
procedures presented in the PM. The students were guided to observe and make predictions. During the Explain phase, 
students made meaning of their observations, guided by the questions in both the IBeM and PM. The experimental 
group answered through the digital document embedded in the IBeM, while the control group directly wrote on the 
PM. Thereafter, researcher-facilitated discussions were done to help students construct concepts and identify 
misconceptions. In the Elaborate phase, both the IBeM and PM provided additional tasks, like critical thinking, 
investigation, and hands-on activities, to reinforce the concept or transfer them to a new context. Afterwards, 
researcher-facilitated discussions were employed to deepen the understanding and rectify misconceptions. Lastly, in 
the Evaluate phase, short quizzes were provided to assess student conceptual understanding. The IBeM provided 
immediate feedback through Google Forms, where students submitted their responses. On the other hand, the 
researcher reviewed the answers with the class for the control group. 

Achievement was measured by a test composed of researcher-made, fifty-objective type items that covered 
Physics topics in Grade 10 Science. The whole tool was content validated by three teachers with Master’s Degrees in 
science teaching.  

Engagement was determined using The Math and Science Engagement Scale developed by Wang et al. 
(2016), which is composed of thirty-three, five-point Likert Scale items, measuring four domains of engagement such 
as cognitive, behavioral, social, and emotional. The framework developed by Hardman (2019) guided the analysis of 
classroom discourse quality. It provides a description and code for each type of student talk move done. It also provides 
an example for each as a guide in coding. The framework classified the student talk moves to four main types: closed 
student questions (CSQ), open student questions (OSQ), brief student contributions (BSC), and extended student 
contributions (ESC). Hardman (2019) further classified ESC to different acts such as expand/add, connect, explain, 
rephrase, recount, evaluate, argue, justify, speculate, imagine, challenge, and shift position. 
 
Data Collection 

Before data collection, the researchers secured approval from the school administration and obtained informed 
consent from the students to administer the research instruments. The achievement test was administered to both the 
control and experimental groups after the eight-week implementation of the treatment.  

The engagement surveys were administered to both the control and experimental groups at the end of each 
week during the eight-week implementation. The positively worded items used the following Likert scale: strongly 
disagree (1), disagree (2), neither (3), agree (4), strongly agree (5), while the negatively worded items used the 
reverse scale: strongly disagree (5), disagree (4), neither (3), agree (2), strongly agree (1).  

For classroom discourse quality, all the audio recordings of each class session were transcribed and coded 
using the framework of Hardman (2019) then, the frequency of each type of student talk move during each topic of 
the module was recorded. 
 
Treatment of Data 
    The weighted average/arithmetic mean was used to analyze the data from the achievement test and the 
engagement surveys for both the control and experimental groups. The weekly averages from the engagement survey 
for each domain were summarized to calculate the mean for each domain throughout the implementation. The overall 
engagement was calculated from the mean of all the domains of engagement. The mean ratings for student 
engagement are classified based on Table 1. 
Table 1 
Likert Scale Interpretations for Student Engagement 

Mean Rating Interpretation 
4.21 – 5.00 Very High Engagement 
3.41 – 4.20 High Engagement 
2.61 – 3.40 Moderate Engagement 
1.81 – 2.60 Low Engagement 
1.00 – 1.80 Very Low Engagement 
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An independent t-Test was used to determine if there was a significant difference in the weighted 

average/mean of the achievement test scores of the control and experimental groups. The same statistical analysis 
was used to determine if there were marked differences in the engagement, including its four domains, between the 
two groups. Such differences were significant if the p-value was less than the 0.05 level of significance. 

Cohen’s d was used to determine the magnitude of the difference between the two groups in terms of the 
achievement test and engagement, including its four domains. Values of 0.2, 0.5, and 0.8 represent small, medium, 
and large effect sizes, respectively. 

Classroom discourse quality was analyzed by recording, categorizing, and counting the frequency of the 
different types of student talk moves, then expressing each type as a percentage of the total talk moves made. Marked 
differences in classroom discourse quality were determined by comparing the frequency of each type of student talk 
move between the two groups, with higher frequencies of extended student contributions indicating greater 
differences. 
 
Ethical Considerations 
  The participants were informed about the nature of the study, its duration, and any potential benefits or risks. 
Participation of students from the two Grade 10 sections was voluntary with the full consent of their parents or 
guardians. They had the right to withdraw at any point during the conduct of the study. To ensure confidentiality, all 
the individual data from the participants that were collected through the instruments in this study and the class audio 
recordings are accessible only to the researcher.  
 
 
RESULTS and DISCUSSION 
 
Achievement Test 
  The achievement test results of the control and experimental groups are shown in Table 2. Notably, the control 
group had a higher mean (37.08) than the experimental group (33.92). The control and experimental group’s mean, 
74.16% and 67.84% of the highest possible score, are above the school’s standard passing score of 60%, suggesting 
that the use of IBeM or PM in face-to-face collaborative instruction effectively delivered the Physics content of the 
Science 10 Curriculum. The p-value obtained from the independent t-test conducted was 0.15, indicating no significant 
difference, since it is greater than 0.05 confidence level. The Cohen’s d value of 0.410 suggests a small-to-medium 
effect size, indicating that while the control group had higher achievement test score, the difference was not large. 
 
Table 2 
Mean of the Achievement Test of the Control and the Experimental Group 

Group Mean Standard 
Deviation 

p Value Cohen’s d 

Control 37.08 5.41 0.150 0.410 
Experimental 33.92 9.47   

 
The results indicate that the IBeM and the PM used in face-to-face collaborative instruction had roughly the 

same effect on achievement test scores, despite being in different formats. This finding appears consistent with 
previous studies, that found no difference between print and digital learning materials in terms of knowledge acquisition 
(Donkor, 2010), learning proficiency (Quiroz et al., 2015), learning independence (Utami & Saefudin, 2018), and 
reading comprehension and retention (Porion et al., 2015; Taylor, 2011). This implies that the choice of material to 
use is not an issue of which is more effective, but rather of availability in the school and, perhaps, student preference. 
 
Engagement 

Engagement reflects the level of involvement of the students in the learning process including what they are 
thinking, doing, and feeling. The overall engagement rating shown in Table 3 was calculated by averaging the mean 
of the engagement scores across the four domains.  
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Table 3 
Overall Mean of the Engagement of the Control and Experimental Groups 

Group Mean Standard 
Deviation 

Interpretation p-Value Cohen’s d 

Control 3.95 0.44 High 
Engagement 

0.028 0.283 

Experimental 3.84 0.33 High 
Engagement 

  

 
Both groups demonstrated high levels of engagement during the implementation of the treatment, with the 

control group having a higher mean (3.95) than the experimental group (3.84). This difference was statistically 
significant (p=0.028) with small to medium effect size (Cohen’s d = 0.283). This result implies that using either the 
IBeM or the PM in face-to-face collaborative instruction is effective in fostering high levels of engagement, although 
the PM may have slightly fostered higher engagement outcomes. This could be attributed to the more tactile and 
traditional nature of the printed module, which allowed the students to make annotations and note-taking (Pálsdóttir, 
2019), which might have helped maintain the engagement of the control group.  

The tool used to assess the student engagement consists of four distinct domains. Cognitive engagement 
pertains to strategies for deep learning, self-regulation, and comprehension (Bond & Bergdahl, 2023). Behavioral 
engagement describes the extent of students’ participation in the classroom activities (Gregory et al., 2013). Emotional 
engagement pertains to the feelings students experience in response to their learning activities (Li et al., 2024). Lastly, 
social engagement pertains to students' constructive interactions (Bond & Bergdahl, 2023). Engagement in each 
domain was calculated by averaging the weekly scores of each domain throughout the eight-week implementation 
period. Table 4 presents the mean ratings for each engagement domain of the control and experimental groups and 
their interpretation. 
 
Table 4 
Mean of Engagement per Domain of the Control and the Experimental Group 

Domain Control SD Interpretation Experimental SD Interpretation p- 
Value 

Cohen’s 
d 

Cognitive 3.88 0.54 High 
Engagement 

3.76 0.40 High 
Engagement 

0.006 0.253 

Behavioral 3.93 0.41 High 
Engagement 

3.84 0.38 High 
Engagement 

0.059 0.228 

Emotional 3.93 0.57 High 
Engagement 

3.76 0.46 High 
Engagement 

0.026 0.328 

Social 4.06 0.46 High 
Engagement 

4.01 0.43 High 
Engagement 

0.345 0.112 

Note: SD=Standard deviation 
 

The control group scored highest in the social domain (4.06), followed by the behavioral and emotional 
domains (both 3.93), while the cognitive domain (3.88) had the lowest mean. Additionally, the experimental group 
scored highest in the social domain (4.01), followed by the behavioral domain (3.83), then the cognitive and emotional 
domains (both 3.76). Since both groups demonstrated high engagement across all domains, this suggests that both 
the IBeM and PM in face-to-face collaborative instruction are effective in promoting student engagement.  

Analysis shows a significant difference in the levels of cognitive (p=0.006) and emotional (p=0.026) 
engagement of the two groups. Cohen’s d values of 0.253 and 0.328, respectively, indicate small-to-medium effect 
sizes. These results indicate that while both the IBeM and the PM used in face-to-face collaborative instruction fostered 
high engagement, the latter was more effective in these domains, with a modest effect. Conversely, the p-values for 
the behavioral (p=0.059) and social (p=0.345) domains suggest no significant difference in these domains of 
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engagement between the two groups, with Cohen’s d values of 0.228, suggesting small-to-medium effect size, and 
0.112, suggesting very small effect. These indicate that the IBeM and the PM used in face-to-face collaborative 
instruction are equally effective in these domains. 
 
Classroom Discourse Quality 

The classroom discourse quality was determined by analyzing and coding all the talk moves made by students 
in the control and experimental groups during the whole-class sessions. Student talk moves were mainly classified into 
four types: closed student questions (CSQ), which are closed/procedural questions; open student questions (OSQ), 
which are open/authentic questions; brief student contributions (BSC), which are brief/pre-specified information 
without development; and extended student contributions (ESC), which are non-specific information and thinking that 
are developed to some extent (Hardman, 2019). Table 5 summarizes the distribution of the different talk moves 
throughout the implementation, expressed as percentage. 
 
Table 5 
Overall Percentage Distribution of Student Talk Move 

Student Talk Move  Control Experimental 
Closed Student Question (CSQ) 16.47 17.44 
Open Student Question (OSQ) 4.07 4.09 
Brief Student Question (BSC) 51.82 46.57 

Extended Student Contribution (ESC) 27.37 31.89 
 

The majority of student questions in both the control and experimental groups were CSQ, which means they 
sought more procedural clarifications and asked questions that needed factual responses from the teacher. The 
experimental group had a marginally higher percentage of CSQ (17.44%) than the control group (16.74%). This 
indicates that the IBeM used in face-to-face collaborative instruction slightly increases the tendency to ask more CSQ 
compared to the PM. Moreover, the frequencies of OSQ in both groups were nearly identical and were rare in both the 
control (4.07%) and the experimental group (4.09%). The very small difference suggests that both the IBeM and the 
PM used in face-to-face collaborative instruction did not encourage the students to generate open and authentic 
questions. It is also important to note that both the control and experimental groups asked fewer OSQ compared to 
CSQ suggesting that both the IBeM and the PM used in face-to-face collaborative instruction have the same effect on 
the type and quality of questions asked by the students. These findings echo previous research highlighting the 
challenges of fostering high-quality, open student questions in the classroom. Almeida (2012) underlines that only a 
few students spontaneously ask questions, and even fewer ask open and high-level questions. Likewise, Chin and 
Brown (2002) found that the majority of student questions during science learning were basic information questions, 
and very few questions focusing on curiosity, extension of ideas, prediction, and knowledge discrepancies. According 
to Mahmud (2015) students tend to ask questions due to factors such as curiosity induced by learning materials, 
underscoring their role in motivating the students to ask questions. Therefore, it is important to design lessons that 
appeal to students’ interests, pose challenges, and show real-life connections which will foster curiosity leading to more 
open student questions.  The marginal difference between the control and experimental groups indicates that, despite 
the innovative features, both the IBeM and PM used in face-to-face collaborative instruction do not differ significantly 
in fostering open student questions, a critical aspect in fostering deeper learning. This result underscores the challenge 
of stimulating higher-order questioning as presented by the previous studies. 

It is also shown that the majority of student contributions in both the control and experimental groups were 
BSC. However, it is important to note that the control group had a higher percentage of BSC (51.82%) compared to 
the experimental group (46.57%). Conversely, the experimental group’s percentage of ESC (31.89%) was higher than 
the control group (27.37%). This indicates that the students' talks in the experimental group were more extended and 
more profound discourse. All these findings signify that the IBEM used in face-to-face collaborative instruction 
stimulated the students more to take part extensively in in-depth and meaningful discussions. According to Murphy et 
al. (2009, as cited in Murphy et al., 2018), discussion in the classroom is an effective way to promote critical-analytic 
thinking and epistemic cognition about texts, aligning with the goals of IBL where students actively construct knowledge 
through meaningful discourse. Additionally, the results also echo literature indicating that digital resources promote 
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high-quality classroom interactions. For instance, Haleem et al., (2022) stated that digital tools and resources contribute 
to setting up a better classroom atmosphere and a more compelling teaching-learning process. In addition, ICF 
Consulting Services Ltd. (2015) emphasized that the effective use of digital tools and resources can enhance the speed 
and depth of learning mathematics and science, writing, comprehension, listening, and speaking skills. 

ESC is further classified into different acts or subtypes. Table 6 summarizes the distribution of the subtypes 
of ESC made by the students in the control and experimental groups throughout the implementation, expressed as 
percentage. 

 
Table 6  
Overall Percentage Distribution of ESC 

Subtypes of ESC Control Experimental 
Student expand/add (SE/Add) 3.17 1.51 

Student connect (SCon) 0 1.81 
Student explain/analyse (SE/Ana) 51.13 37.65 

Student rephrase (SRep) 1.81 3.92 
Student recount (SRec) 6.33 9.64 
Student evaluate (SEval) 5.43 12.35 

Student argue (SArg) 8.14 6.93 
Student justify (SJus) 10.41 12.65 

Student speculate (SSpec) 8.60 9.34 
Student imagine (SImag) 1.36 1.20 
Student challenge (SChal) 1.36 3.01 

Student shift position (SSP) 2.26 0 
 

SE/Ana is the most common type of ESC in both the control (51.13%) and experimental groups (37.65%). 
However, it is more common in the control group. The greatest difference between the two groups is marked in this 
type of ESC. This demonstrates that the control group's talks were primarily explanations and assertions and that they 
employed a more limited form of ESC. On the other hand, the ESC made by the experimental group was more diverse, 
making ranges of talk other than SE/Ana. This indicates that they engaged in more evaluation, justification, and 
speculation during the implementation of the modules.  

The percentages of SE/Add, SE/Ana, SArg, SImag, and SSP were higher in the control group. The data 
indicates that while there were other ESCs made by the control group, the PM used in face-to-face collaborative 
instruction primarily fostered understanding and explaining among the students. Conversely, the percentages of SCon, 
SRep, SRec, SEval, SJus, SSpec, and SChal were higher in the experimental group. This implies that the IBeM used in 
face-to-face collaborative instruction promoted a greater degree of critical and evaluative discourse. Additionally, it 
fostered rephrasing and recounting, demonstrating a focus on introspection and information clarification. These findings 
underscore the potential of using IBeM in face-to-face collaborative instruction to foster more profound, evaluative, 
and argumentative discourse among students, which is essential for productive and high-quality classroom discourse 
(Aghekyan & Kerrigan, 2021; Soysal, 2019). Although using the IBeM or PM in face-to-face collaborative instruction 
promoted student participation in classroom discourse, the IBeM was more effective in fostering extensive 
contributions, critical thinking, and evaluation. These highlight the significance of digital learning materials in enhancing 
the science discourse skills of the students (Morokhova, 2022). 
 
Implications 

The findings of this study provide insights into the use of IBeM and PM for physics in face-to-face collaborative 
instruction.The lack of a significant difference in the achievement test scores between the two groups indicates that 
both the IBeM and PM used in face-to-face collaborative instruction can be effective in teaching Physics concepts. On 
the other hand, the marked differences in the levels of engagement and classroom discourse quality shows that the 
two materials may serve different purposes. 

This study reveals a nuanced relationship between the use of IBeM and PM in face-to-face collaborative 
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instruction. Although there was no significant difference in the achievement test scores of students who used the IBeM 
to those who used the PM, this offers the critical insight and takeaway that both types of modules can yield comparable 
academic outcomes. This implies that the choice to use IBeM and/or PM in face-to-face collaborative instructions should 
take into account contextual conditions and factors such as access to technology and financial resources. In areas 
where availability of digital resources and access to the internet are limited, the PM may be the more practical 
alternative, as they do not require computer use and internet connectivity. Conversely, areas or schools that are 
equipped with better access to computer resources and reliable internet can use the IBeM in face-to-face collaborative 
instruction, which, although may result in varying degrees of student engagement, promotes deeper and extensive 
classroom discourse. This study also reveals that while the use of the PM in face-to-face collaborative instructions 
fostered higher engagement, this did not translate into a statistically significant higher score on the achievement test. 
On the other hand, the use of IBeM in face-to-face collaborative instruction, although fostered lower engagement, 
stimulated more profound and critical discourse on complex ideas, promoting higher-order thinking among students. 

From a practical viewpoint, this study emphasizes the broader implications of availability of learning resources 
in educational environments. The PM, although effective in fostering and maintaining higher levels of student 
engagement, incurs extra financial expenses for physical materials such as paper and ink added to the costs tied to 
printing, reproduction, and delivery. In contrast, IBeM provides a more economical option, especially in settings where 
there is an abundance of access to digital and computer resources, offering considerable benefits in fostering critical 
thinking and in-depth classroom discourse. In addition, educators can restructure the instructional materials and 
learning modules developed for online and distance learning during the pandemic following IBL strategies such as the 
5E learning model. The modules can be in the form of e- or printed modules depending on the needs. For example, 
IBeM may be developed for topics and content that will need in-depth discussions among the learners and with the 
teacher, on the other hand, PM may be developed for topics and content that will need high student engagement. 
  Moreover, this study also sheds light on the role of different learning materials – digital or print – in the 
context of post-pandemic education. With the rapid integration of online and digital learning resources such as e-
modules due to the pandemic, this study shows that printed learning materials, such as printed modules, still have an 
important role in the classroom, particularly in fostering engagement in a face-to-face collaborative learning 
environment. On the other hand, leveraging the strengths of IBeM in face-to-face collaborative instruction will help 
create a classroom atmosphere that fosters high-quality student talk, where students are taking an active role in their 
learning. Moving forward, teachers should be mindful in using the IBeM and/or the PM in collaborative learning set-up 
and employ diverse learning materials, combining the strengths of both materials in a way that they will complement, 
rather than replacing one with the other. Similarly, teachers should look into ways to enhance and optimize the 
integration of both the IBeM and the PM in blended learning, especially in situations where access to resources is not 
consistently available. By employing an approach that is more flexible and resource-conscious, we can set up equitable 
and efficient learning environments for the students that will foster a more meaningful and holistic learning experience 
which will be essential for their success in an ever-changing 21st century. 
 
Conclusion 

The effectiveness of the Physics IBeM on secondary school student academic performance in a face-to-face 
collaborative instruction varies across three parameters. The lack of a significant difference in the achievement test 
scores (p=0.150) shows that both the IBeM and PM are equally effective in facilitating learning of physics concepts. 
The PM resulted in higher overall engagement (p=0.028) and cognitive (p=0.006) and emotional (p=0.026) 
engagement domains, while the IBeM fostered better classroom discourse quality, marked diverse extended student 
contributions such as explanation, evaluation, argumentation, and justification. To conclude, it can be argued that 
based on the context and findings of this study, the IBeM used in face-to-face collaborative instruction is effective in 
facilitating the learning and understanding physics concepts which enable students to participate in a quality classroom 
discourse. This highlighted the need for a more balanced approach in using the IBeM and/or PM in face-to-face 
collaborative learning set-up, combining the strengths of both materials in a way that complement, rather than replace, 
one with the other.   

There are limitations that must be acknowledged. First, all participants were from one grade level in one 
school resulting in a small sample size which may affect the generalizability of the findings of this study. In addition, 
the implementation of the treatment was done within eight weeks, hence limited topic coverage which may affect the 
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validity of the findings. With these limitations, future researchers could include replication studies on a larger population 
and sample size may be conducted. For example, the modules could be implemented at different grade levels in 
secondary school to cover more competencies in high school science hence allowing more data to be analyzed. In 
addition, exploring the long-term effects of the modules by extending their implementation period would be valuable. 
These actions would increase the reliability of the study and make it more conclusive. Moreover, the effectiveness of 
the modules in individual learning set-up in terms of the same parameter in this study may be explored. Furthermore, 
the effectiveness of the modules in terms of other metrics of student academic performance, such as motivation and 
metacognition among others, could be explored.  
 

REFERENCES 
 
Afriyanti, M., Suyatna, A., & Viyanti. (2021). Design of e-modules to stimulate HOTS on static fluid materials with the 

STEM approach. Journal of Physics, 1788(1), 012032. https://doi.org/10.1088/1742-6596/1788/1/012032 
 
Aghekyan, R., & Kerrigan, J. (2021). Why is the quality of discourse important and how to cultivate an effective learning 

environment in STEM classrooms? Advance. https://doi.org/10.31124/advance.13641539.v1 
 
Aidoo, N. B., Anthony-Krueger, C., Gyampoh, A. O., Tsyawo, N. J., & Quansah, F. (2022). A mixed-method approach 

to investigate the effect of flipped inquiry-based learning on chemistry students learning. European Journal of 
Science and Mathematics Education, 10(4), 507–518. https://doi.org/10.30935/scimath/12339 

 
Al Matalka, M., & Al Dwakat, M. (2022). The academic performance challenges of students in terms of obtaining the 

cumulative average required from donors to continuing study. Journal of Positive School Psychology, 6(8), 8494-
8502. https://journalppw.com/index.php/jpsp/article/view/11335/7318 

 
Almeida, P. A. (2012). Can I ask a question? the importance of classroom questioning. Procedia - Social and Behavioral 

Sciences, 31, 634–638. https://doi.org/10.1016/j.sbspro.2011.12.116 
 
APA Dictionary of Psychology. (n.d.). Quasi-experimental design.  https://dictionary.apa.org/quasi-experimental-design 
 
Areepattamannil, S., Cairns, D., & Dickson, M. (2020). Teacher-directed versus inquiry-based science instruction: 

investigating links to adolescent students’ science dispositions across 66 countries. Journal of Science Teacher 
Education, 31(6), 675–704. https://doi.org/10.1080/1046560x.2020.1753309 

 
Astalini, A., Darmaji, D., Kurniawan, D. A., & Ramadhanti, A. (2021). Students’ perceptions of the e-module in 

mathematics and physics based on gender differences. Journal of Education Research and Evaluation, 5(4), 
587. https://doi.org/10.23887/jere.v5i4.35369 

 
Bächtold, M. (2013). What do students “construct” according to constructivism in science education? Research in 

Science Education, 43(6), 2477–2496. https://doi.org/10.1007/s11165-013-9369-7 
 
Baldock, K. D., & Murphrey, T. P. (2020). Secondary students’ perceptions of inquiry-based learning in the agriculture 

classroom. Journal of Agricultural Education, 61(1). https://doi.org/10.5032/jae.2020.01235 
 
Blessinger, P., & Carfora, J. (2015). Inquiry-based learning for multidisciplinary programs: a conceptual and practical 

resource for educators. In Innovations in higher education teaching and learning. Emerald Publishing Limited. 
https://doi.org/10.1108/s2055-364120153  

 
Bond, M., & Bergdahl, N. (2023). Student engagement in open, distance, and digital education. In Handbook of Open, 

Distance and Digital Education (pp. 1309–1324). https://doi.org/10.1007/978-981-19-2080-6_79 
 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1528 
 

Chin, C., & Brown, D. E. (2002). Student-generated questions: A meaningful aspect of learning in science. International 
Journal of Science Education, 24(5), 521–549. https://doi.org/10.1080/09500690110095249 

 
Dehghan, H., Esmaeili, S. V., Paridokht, F., Javadzade, N., & Jalali, M. (2022). Assessing the students’ readiness for e-

learning during the covid-19 pandemic: A case study. Heliyon, 8(8), e10219. 
https://doi.org/10.1016/j.heliyon.2022.e10219 

 
Del Valle, J. L. (2021). A rough sail for learner-centred education as a global reform policy in the Philippines. Pedagogy 

Culture and Society, 31(1), 109–128. https://doi.org/10.1080/14681366.2021.1887330 
 
Delita, F., Berutu, N., & Nofrion. (2022). Online learning: The effects of using e-modules on self-efficacy, motivation 

and learning outcomes. Turkish Online Journal of Distance Education, 23(4). 
https://files.eric.ed.gov/fulltext/EJ1365038.pdf 

 
Donkor, F. (2010). The comparative instructional effectiveness of print-based and video-based instructional materials 

for teaching practical skills at a distance. The International Review of Research in Open and Distributed Learning, 
11(1), 96. https://doi.org/10.19173/irrodl.v11i1.792 

 
Elliott, S. N. (2017). Achievement tests. Elsevier eBooks. Elsevier BV. https://doi.org/10.1016/b978-0-12-809324-

5.05457-2 
 
Enderun Colleges. (2022). K to 12 | Enderun Colleges. https://www.enderuncolleges.com/k-12 
 
Ferreira, D. M., Sentanin, F. C., Parra, K. N., Bonini, V. M. N., De Castro, M., & Kasseboehmer, A. C. (2021). 

Implementation of inquiry-based science in the classroom and its repercussion on the motivation to learn 
chemistry. Journal of Chemical Education, 99(2), 578–591. https://doi.org/10.1021/acs.jchemed.1c00287 

 
Garcia, G., Manalo, J., & Caballes, D. (2024). Collaborative insights into improving inquiry-based science teaching: A 

comparative study of Filipino teachers and international educators. Science International, 6, 733–740. 
https://sci-int.com/pdf/638710003771171789.pdf 

 
Garrett, T. (2008). Student-centered and teacher-centered classroom management: A case study of three elementary 

teachers. The Journal of Classroom Interaction, 43(1), 34–47. http://files.eric.ed.gov/fulltext/EJ829018.pdf 
 
Gokhale, A. A. (1995). Collaborative learning enhances critical thinking. Journal of Technology Education, 7(1). 

https://doi.org/10.21061/jte.v7i1.a.2 
 
Gopalan, M., Rosinger, K. O., & Ahn, J. B. (2020). Use of quasi-experimental research designs in education research: 

Growth, promise, and challenges. Review of Research in Education, 44(1), 218–243. 
https://doi.org/10.3102/0091732x20903302 

 
Grau, F. G. I., Valls, C., Piqué, N., & Ruiz-Martín, H. (2021). The long-term effects of introducing the 5e model of 

instruction on students’ conceptual learning. International Journal of Science Education, 43(9), 1441–1458. 
https://doi.org/10.1080/09500693.2021.1918354 

 
Gregory, A., Allen, J. P., Mikami, A. Y., Hafen, C. A., & Pianta, R. C. (2013). Effects of a professional development 

program on behavioral engagement of students in middle and high school. Psychology in the Schools, 51(2), 
143–163. https://doi.org/10.1002/pits.21741 

 
Groth-Marnat, G. (2019). Handbook of psychological assessment. Elsevier eBooks. Elsevier BV. 

https://doi.org/10.1016/c2014-0-01970-3 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1529 
 

 
Gutierez, S. B. (2015). Collaborative professional learning through lesson study: Identifying the challenges of inquiry-

based teaching. Issues in Educational Research, 25(2), 118–134. 
https://search.informit.org/doi/10.3316/informit.376688277371502 

 
Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). Understanding the role of digital technologies in education: 

A review. Sustainable Operations and Computers, 3, 275–285. https://doi.org/10.1016/j.susoc.2022.05.004 
 
Hardman, J. (2019). Analysing student talk moves in whole-class teaching. Routledge eBooks (pp. 152–166). 

https://doi.org/10.4324/9780429441677-14 
 
Hofkens, T., & Ruzek, E. A. (2019). Measuring Student Engagement to Inform Effective Interventions in Schools. 

Elsevier eBooks (pp. 309–324). Elsevier BV. https://doi.org/10.1016/b978-0-12-813413-9.00021-8 
 
ICF Consulting Services Ltd. (2015). Literature Review on the Impact of Digital Technology on Learning and Teaching. 

Edinburgh; The Scottish Government. https://www.gov.scot/publications/literature-review-impact-digital-
technology-learning-teaching/ 

 
Istuningsih, W., Baedhowi, B., & Sangka, K. B. (2018). The effectiveness of scientific approach using e-module based 

on learning cycle 7e to improve students’ learning outcome. International Journal of Educational Research 
Review, 3(3), 75–85. https://doi.org/10.24331/ijere.449313 

 
Järvelä, S., Häkkinen, P., & Näykki, P. (2023). Computer supported collaborative learning. Elsevier EBooks, 588–592. 

https://doi.org/10.1016/b978-0-12-818630-5.14076-x 
 
Jocuns, A. (2012). Classroom discourse. The Encyclopedia of Applied Linguistics. 

https://doi.org/10.1002/9781405198431.wbeal0134 
 
Johnson, J.W. (2013). A comparison study of the use of paper versus digital textbooks by undergraduate students. All-

Inclusive List of Electronic Theses and Dissertations. 2673. https://scholars.indianastate.edu/etds/2673 
 
Kaçan, S. D., & Şahin, F. (2017). Levels of prospective science teachers’ ability to structure the 5E model. SHS Web of 

Conferences, 37, 01039. https://doi.org/10.1051/shsconf/20173701039 
 
Kaya, G., Şardağ, M., Cakmakci, G., Doğan, N. Ö., Irez, S., & Yalaki, Y. (2016). Discourse patterns and communicative 

approaches for teaching nature of science. Eğitim Ve Bilim, 41(185). https://doi.org/10.15390/eb.2016.4852 
 
Lamas, H. A. (2015). School performance. Propósitos Y Representaciones, 3(1), 351–386. 

https://doi.org/10.20511/pyr2015.v3n1.74 
 
Li, J., & Xue, E. (2023). Dynamic interaction between student learning behaviour and learning environment: Meta-

analysis of student engagement and its influencing factors. Behavioral Sciences, 13(1), 59. 
https://doi.org/10.3390/bs13010059 

 
Loes, C. N. (2022). The effect of collaborative learning on academic motivation. Teaching & Learning Inquiry: The 

ISSOTL Journal, 10. https://doi.org/10.20343/teachlearninqu.10.4 
 
Mahmud, M. (2015). Questioning powers of the students in the class. Journal of Language Teaching and Research, 

6(1), 111. https://doi.org/10.17507/jltr.0601.13 
 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1530 
 

Mascolo, M. F. (2009). Beyond student-centered and teacher-centered pedagogy: Teaching and learning as guided 
participation.  Pedagogy and the Human Sciences, 1 (1), 3-27. 
https://scholarworks.merrimack.edu/phs/vol1/iss1/6 

 
Misbah, M., Khairunnisa, Y., Amrita, P. D., Dewantara, D., Mahtari, S., Syahidi, K., Muhammad, N. S., Prahani, B. K., 

& Deta, U. A. (2021). The effectiveness of introduction to nuclear physics e-module as a teaching material 
during covid-19 pandemic. Journal of Physics, 1760(1), 012052. https://doi.org/10.1088/1742-
6596/1760/1/012052 

 
Morokhova, O. (2022). Learning scientific discourse using digital educational resources when teaching English as a 

foreign language at a university. ТЕНДЕНЦИИ РАЗВИТИЯ НАУКИ И ОБРАЗОВАНИЯ, 90(2), 23–26. 
https://doi.org/10.18411/trnio-10-2022-55 

 
Murphy, P. K., Greene, J. A., Firetto, C. M., Hendrick, B. D., Li, M., Montalbano, C., & Wei, L. (2018). Quality talk: 

Developing students’ discourse to promote high-level comprehension. American Educational Research Journal, 
55(5), 1113–1160. https://doi.org/10.3102/0002831218771303 

 
O’Neill, G., & Macmahon, T. (2005). Student-centered Learning: What does it mean for students and lecturers. 

Emerging Issues in the Practice of University Learning and Teaching. 
https://www.ucd.ie/teaching/t4media/student_centered_learning.pdf 

 
Pálsdóttir, Á. (2019). Advantages and disadvantages of printed and electronic study material: perspectives of university 

students. Information Research, 24. https://www.informationr.net/ir/24-2/paper828.html 
 
Porion, A., Aparicio, X., Megalakaki, O., Robert, A., & Baccino, T. (2015). The impact of paper-based versus 

computerized presentation on text comprehension and memorization. Computers in Human Behavior, 54, 569–
576. https://doi.org/10.1016/j.chb.2015.08.002 

 
Quiroz, S. A., Lintag, V. B., & Carpio, R. M. (2015). Comparative effects of printed and computer-assisted forms of 

modular instruction. International Journal of Sciences: Basic and Applied Research, 23(2), 138–146. 
https://gssrr.org/index.php/JournalOfBasicAndApplied/article/view/4093 

 
Qureshi, M. I., Khaskheli, A., Qureshi, J. A., Raza, S. A., & Yousufi, S. Q. (2021). Factors affecting students’ learning 

performance through collaborative learning and engagement. Interactive Learning Environments, 1–21. 
https://doi.org/10.1080/10494820.2021.1884886 

 
Richey, R. C., Klein, J. D., & Nelson, W. A. (2004). Developmental Research: Studies of Instructional Design and 

Development. In D. H. Jonassen (Ed.), Handbook of research on educational communications and technology 
(2nd ed., pp. 1099–1130). Lawrence Erlbaum Associates Publishers. 
https://www.researchgate.net/publication/263963734_Developmental_research 

 
Rumiantsev, T., Van Der Rijst, R., & Admiraal, W. (2023). A systematic literature review of collaborative learning in 

conservatoire education. Social Sciences & Humanities Open, 8(1), 100683. 
https://doi.org/10.1016/j.ssaho.2023.100683 

 
Said, M. A., Idris, M., & Hussain, S. (2018). Relationship between social behaviour and academic performance of 

students at secondary level in Khyber Pakhtunkhwa. Pakistan Journal of Distance and Online Learning, 4(1), 
153–170. http://files.eric.ed.gov/fulltext/EJ1267252.pdf 

 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1531 
 

Sarsale, J. S., & Langub, M. K. C. (2023). Effects of student-centered learning approaches towards interest in science. 
Journal of Research Policy & Practice of Teachers & Teacher Education, 13(2), 73–85. 
https://doi.org/10.37134/jrpptte.vol13.2.5.2023 

 
Soysal, Y. (2019). Indicators of Productive Classroom Talk and Supporting Discourse Moves: A Systematic Review for 

Effective Science Teaching. Academy Journal of Educational Sciences, 114–137. 
https://doi.org/10.31805/acjes.642246 

 
Stuart, E. A., & Rubin, D. B. (2008). Best practices in quasi–experimental designs: Matching methods for causal 

inference. In SAGE Publications, Inc. eBooks (pp. 155–176). https://doi.org/10.4135/9781412995627.d14 
 
Sujanem, R., Suwindra, I. N. P., & Suswandi, I. (2020). The effectiveness of problem-based interactive physics e-

module on high school students’ critical thinking. Journal of Physics Conference Series, 1503(1), 012025. 
https://doi.org/10.1088/1742-6596/1503/1/012025 

 
Taylor, A. K. (2011). Students learn equally well from digital as from paperbound texts. Teaching of Psychology, 38(4), 

278–281. https://doi.org/10.1177/0098628311421330 
 
Ucar, S., & Trundle, K. C. (2011). Conducting guided inquiry in science classes using authentic, archived, web-based 

data. Computers &Amp; Education, 57(2), 1571–1582. https://doi.org/10.1016/j.compedu.2011.02.007 
 
 
Ünlü, Z. K., & Dökme, İ. (2022). A systematic review of 5e model in science education: proposing a skill-based STEM 

instructional model within the 21-st century skills. International Journal of Science Education, 44(13), 2110–
2130. https://doi.org/10.1080/09500693.2022.2114031 

 
Utami, N. W., & Saefudin, A. A. (2018). Comparative study of learning using e-learning and printed materials on 

independent learning and creativity. Journal of Physics. Conference Series, 954, 012004. 
https://doi.org/10.1088/1742-6596/954/1/012004 

 
Vlassi, M., & Karaliota, A. (2013). The comparison between guided inquiry and traditional teaching method. A case 

study for the teaching of the structure of matter to 8th grade Greek students. Procedia - Social and Behavioral 
Sciences, 93, 494–497. https://doi.org/10.1016/j.sbspro.2013.09.226 

 
Wang, M., Fredricks, J. A., Ye, F., Hofkens, T., & Linn, J. S. (2016). The math and science engagement scales: Scale 

development, validation, and psychometric properties. Learning and Instruction, 43, 16–26. 
https://doi.org/10.1016/j.learninstruc.2016.01.008 

 
Warsah, I., Morganna, R., Uyun, M., Hamengkubuwono, H., & Afandi, M. (2021). The impact of collaborative learning 

on learners’ critical thinking skills. International Journal of Instruction, 14(2), 443–460. 
https://doi.org/10.29333/iji.2021.14225a 

 
White, H., & Sabarwal, S. (2014). Quasi-experimental design and methods. Methodological briefs: impact evaluation, 

8(2014), 1-16. https://www.betterevaluation.org/sites/default/files/Quasi-
Experimental_Design_and_Methods_ENG.pdf 

 
Yang, X. (2023). A historical review of collaborative learning and cooperative learning. TechTrends, 67(4), 718–728. 

https://doi.org/10.1007/s11528-022-00823-9 
 



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR) 
 

1532 
 

Zastavker, Y. V., Darer, V., & Kessler, A. (2013). Improving STEM classroom culture: Discourse analysis. 
https://www.researchgate.net/publication/261047359_Improving_STEM_classroom_culture_Discourse_analysi
s 

 
 


