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Abstract – The increasing adoption of online learning in higher education has placed asynchronous 

discussion forums at the center of teaching and learning, particularly in open and distance learning 

contexts where student engagement and collaborative inquiry are crucial. In physics education, however, 

fostering deep conceptual understanding through asynchronous communication remains challenging, as 

participation often tends to be surface-level and tutor-centered. This study aimed to analyze participation 

patterns, levels of cognitive presence, and their relationship to student performance in a Solid-State Physics 

course at Universitas Terbuka, Indonesia. Employing a descriptive case study design, the research 

collected data from learning management system logs, forum transcripts, tutor feedback, and assignment 

scores. Cognitive presence was coded using the Community of Inquiry framework, intercoder reliability 

was established with Cohen’s kappa (κ = 0.88), and interaction structures were visualized using social 

network analysis. The results revealed that students frequently viewed the forums but contributed relatively 

few postings, indicating widespread passive participation. Most contributions were concentrated at the 

triggering and exploration phases, with only about 15% reaching integration or resolution. Interaction 

maps confirmed a strongly tutor-centered pattern, with minimal peer-to-peer exchanges, while comparison 

of participation and assignment data showed that more active contributors achieved higher performance. 

These findings underscore the limited depth of engagement in asynchronous forums but also highlight their 

potential to support learning when students participate meaningfully. The novelty of this study lies in its 

triangulated methodology and its focus on physics education in an open and distance learning context. The 

study contributes empirical evidence for improving asynchronous forum design and facilitation to foster 

higher-order engagement in physics learning.   
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I. INTRODUCTION 

The global landscape of education has undergone unprecedented changes in the past two 

decades, with digital technology reshaping how knowledge is produced, accessed, and 

disseminated. The COVID-19 pandemic accelerated this transformation, forcing institutions 

worldwide to adopt online and blended learning models almost overnight (Bao, 2020; Hodges et 

al., 2020). This abrupt shift highlighted both the opportunities and the challenges of remote 

learning, particularly in fields such as physics, where conceptual understanding often depends on 

laboratory experiences and direct observation of phenomena (Rajab et al., 2020). In this context, 

teachers and students alike encountered difficulties in adapting traditional teaching materials and 

methods to online platforms, revealing significant gaps in preparedness and infrastructure 

(Albrahim, 2020; Fatmawati, 2019). 

At the same time, educational theorists emphasize that the integration of digital tools in 

teaching should not be seen merely as a stopgap solution to crises such as the pandemic. Rather, 

it reflects a broader paradigm shift in education towards more flexible, interactive, and student-

centered models (Lederman, 2020). Online and blended learning environments, when designed 

effectively, can enhance access, foster engagement, and provide new opportunities for 

collaboration across distances (Pratama & Yusro, 2016; Prayuda & Malik, 2021). Nevertheless, 

these environments also demand new pedagogical competencies from teachers and greater self-

regulated learning skills from students, underscoring the complexity of teaching and learning in 

digital spaces (Rasheed et al., 2020). 

The primary challenge in this transformation lies in ensuring that digital and remote learning 

can provide equivalent quality to traditional face-to-face instruction. Studies have shown that 

many students feel disconnected in online environments, citing difficulties with motivation, 

interaction, and maintaining focus (Singh & Thurman, 2019; Toquero, 2020). Similarly, teachers 

struggle to monitor student engagement and adapt materials that were originally designed for 

physical classrooms (Wu et al., 2011). These challenges are especially pronounced in science and 

technology disciplines, where abstract concepts and experimental practices require more than 

passive content delivery (Simanullang & Rajagukguk, 2020). 

To address these concerns, scholars propose that digital learning environments must be 

designed to foster presence, interactivity, and collaborative learning. Alzahrani (2017) and 

Garrison et al. (2000) highlighted the importance of the “Community of Inquiry” (CoI) 

framework, which emphasizes cognitive, social, and teaching presence as essential dimensions 

for effective online education. Ensuring these presences in a virtual environment requires the use 

of rich media, structured interactions, and meaningful assessment strategies. Teachers must also 
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adopt innovative instructional designs that blend synchronous and asynchronous components to 

balance flexibility with real-time interaction (Azizah et al., 2018; Barman et al., 2019). Despite 

these recommendations, however, many digital classrooms remain limited to static content 

delivery, lacking interactivity and opportunities for deeper engagement (Breivik, 2020). 

One promising line of research emphasizes the role of digital instructional materials tailored 

specifically for online learning. Studies show that well-designed digital content can support 

conceptual understanding, encourage active participation, and scaffold students’ independent 

learning processes (Bunyamin et al., 2019; Chai et al., 2020). For example, the incorporation of 

interactive simulations, multimedia resources, and collaborative tools can enhance both cognitive 

and affective engagement, making abstract concepts more tangible and accessible (van der 

Dennen, 2002; Anderson et al., 2003). Martin et al. (2018) demonstrated that instructional design, 

which integrates interactive features and clear communication channels, contributes significantly 

to students’ satisfaction and learning outcomes in online settings. Moreover, Mehall (2020) 

stressed that the relational dimension of digital materials, such as their ability to facilitate 

meaningful teacher-student and peer-to-peer interaction, is equally critical. These findings 

suggest that the problem lies not only in access to digital tools but in the pedagogical and design 

principles guiding their use. 

Despite these advances, gaps remain in our understanding of how digital instructional 

materials function in diverse contexts. Cho and Tobias (2016) argued that online learning 

effectiveness depends heavily on how instructional resources are integrated into the broader 

learning environment, yet few studies examine this integration systematically. Similarly, Gosmire 

et al. (2009) found that professional development for teachers in digital pedagogy remains limited, 

constraining their ability to design or adapt high-quality instructional materials. Sun and Chen 

(2016) further noted that most research on online learning focuses on higher education, while 

secondary school contexts—where students may lack the maturity or self-regulation needed for 

autonomous learning—are understudied. Alhazmi et al. (2021) also reported that digital 

inequities, including differences in internet access and technological literacy, compound these 

challenges, especially in developing regions. These gaps suggest that more research is needed not 

only on the technical aspects of digital materials but also on their pedagogical effectiveness, 

contextual relevance, and alignment with teachers’ practices. 

This present study aims to analyze the role and challenges of digital instructional materials 

in contemporary physics education, with particular attention to their application in magnetism 

teaching. Unlike much of the existing literature that focuses on either technological affordances 

or student outcomes in isolation, this study triangulates between teacher perspectives, 

instructional resources, and classroom challenges. Its novelty lies in situating the discussion of 
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digital instructional materials within the realities of science teaching, where abstract and spatially 

complex concepts such as magnetism demand innovative pedagogical approaches. By focusing 

on how teachers perceive students’ difficulties and how digital tools can be leveraged to address 

them, this study contributes to both the theoretical understanding of digital pedagogy and the 

practical development of more effective instructional strategies. The findings are expected to 

inform the design of learning environments that not only transfer knowledge but also foster 

critical thinking, visualization, and problem-solving skills among students in physics education. 

 

II. METHODS 

This study employed a descriptive case study design to investigate asynchronous online 

discussions in the Solid-State Physics course at Universitas Terbuka, Indonesia. A case study 

design was chosen because it allows researchers to analyze authentic learning activities in depth 

and to uncover both the processes and outcomes of student engagement in online learning 

environments. The focus was on exploring how students participated in asynchronous forums, the 

levels of cognitive presence they achieved, and how these interactions related to their academic 

performance. 

The distinct nature of Universitas Terbuka shaped the research context. This large, open, and 

distance learning institution relies primarily on digital platforms to serve students scattered across 

the country. The Solid-State Physics course was delivered fully online, using the institution’s 

learning management system (LMS). Within this LMS, asynchronous discussion forums were a 

central learning component, designed to encourage students to engage in dialogue with peers and 

tutors. The use of asynchronous forums was particularly important in this setting, as it allowed 

students with diverse schedules and varied access to technology to participate in discussions at 

their own pace while maintaining opportunities for reflection and collaborative knowledge 

building. 

The participants of this study were undergraduate students enrolled in the Solid-State Physics 

course during the semester of investigation. For structured interaction, the students were divided 

into eight asynchronous discussion groups. Each group was facilitated by a tutor who was 

responsible for initiating weekly prompts, encouraging participation, and providing clarifications 

or feedback to guide the discussion. While tutors played a crucial role in sustaining dialogue, the 

study also emphasized the role of peer contributions, as collaborative meaning-making among 

students is considered an essential component of higher-order learning. Thus, the participants 

represented a distributed community of learners interacting asynchronously, with the tutor serving 

as both a facilitator and a resource. 
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The data analyzed in this study came from multiple sources provided by the LMS and course 

documentation. These included log data capturing student access and viewing behaviors, 

transcripts of postings in asynchronous discussion forums, written feedback from tutors, 

participation reports, and student assignment scores. By combining these sources, the study was 

able to analyze participation both quantitatively, through frequency of access and postings, and 

qualitatively, through the depth of discourse reflected in the contributions. The sequence of data 

collection and analysis is summarized in Figure 1, illustrating the process from data extraction to 

coding and comparing participation with student performance. 

 

Figure 1. Research procedure for data collection and analysis 

The analysis of student contributions in the discussion forums was carried out using the CoI 

framework. According to Garrison et al. (2000), cognitive presence is the extent to which learners 

can construct and confirm meaning through sustained reflection and discourse. In this study, each 

student posting was coded according to the four phases of cognitive presence: triggering events, 

exploration, integration, and resolution (Shea & Bidjerano, 2009). This framework provided a 

lens to assess whether students’ contributions remained at a surface level of inquiry or progressed 

toward deeper integration and resolution of ideas. 

To ensure rigor in the coding process, two independent raters analyzed the discussion 

transcripts using the CoI framework. Intercoder reliability was then measured using Cohen’s 

kappa, which yielded a coefficient of κ = 0.88. According to Landis and Koch (1977), kappa 

values above 0.80 represent almost perfect agreement. This high level of reliability confirmed 

that the coding process was consistent and credible, thereby strengthening the validity of the 

findings regarding levels of cognitive presence achieved by the students. 

In addition to content analysis, interaction mapping was employed to visualize patterns of 

participation within the discussion forums. Social Network Analysis (SNA) was applied, 

representing each participant as a node and each reply or posting directed to another participant 

as an edge connecting those nodes. This method enabled the researchers to identify structural 
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features of interaction, such as whether discussions were dominated by tutors or whether 

meaningful peer-to-peer communication emerged. Dawson (2008) emphasized that SNA provides 

powerful tools for diagnosing the structure of online learning communities, while noted that 

network visualizations can reveal participation patterns not readily apparent through textual 

analysis alone. By applying SNA, the study was able to highlight whether forums fostered 

collaborative engagement or remained primarily tutor centered. 

Finally, student assignment scores were examined alongside participation measures to 

determine whether engagement in asynchronous forums contributed to academic achievement. 

Participation was assessed not only by the frequency of student postings but also by the cognitive 

depth demonstrated in their contributions, as captured by the CoI coding. Comparing these 

indicators with assignment scores allowed the researchers to evaluate the pedagogical value of 

asynchronous discussions in supporting physics learning outcomes. 

 

III. RESULTS AND DISCUSSION  

The analysis of asynchronous discussion activities indicated substantial disparities between 

students’ viewing and posting behaviors. As presented in Table 1, students accessed the forums 

frequently, yet their active contributions through postings were limited. The number of views was 

considerably higher than the number of posts, underscoring the prevalence of passive 

engagement. Tutors consistently generated postings to sustain the flow of discussion, initiating 

prompts and responding to student messages. This pattern revealed that while the forums were 

widely accessed, active contributions were concentrated among a smaller subset of participants, 

and much of the activity was sustained by tutors rather than by peer interaction. 

Table 1. Descriptive statistics of discussion activities across eight groups 

Discussion User 
Posting View 

Discussion 
Teacher Student 

1 17 17 17 1 

2 18 15 18 2 

3 18 1 19 3 

4 19 1 17 4 

5 17 3 16 5 

6 16 15 17 6 

7 17 4 17 7 

8 17 15 17 8 
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Further analysis was conducted to examine the quality of student contributions in terms of 

cognitive presence, based on the Community of Inquiry framework. Figure 2 illustrates the 

distribution of postings across the four phases of cognitive presence: triggering events, 

exploration, integration, and resolution. The results show that most contributions were 

concentrated at the lower levels of triggering and exploration. Only a small proportion of 

contributions reached integration, and very few demonstrated resolution, with overall higher-

order engagement accounting for approximately 15% of postings. These findings indicate that 

while students participated in the discussions, the depth of cognitive engagement remained 

limited. 

Figure 2. Distribution of contributions across cognitive presence phases 

 

Interaction mapping was conducted to further examine the structural characteristics of 

participation. Figure 2 displays the network of interactions in one representative group. Tutors 

emerged as central nodes in the network, receiving the majority of messages and responding to 

students, while peer-to-peer interactions were scarce. The tutor-centered structure suggests that 

students tended to rely on tutor prompts and feedback rather than developing sustained dialogue 

with their peers. 
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Figure 3. Interaction map of a representative discussion group 

 

The relationship between student participation in discussions and their assignment 

performance was also examined. As presented in Table 3, students who actively participated in 

the forums and whose contributions reached higher levels of cognitive presence tended to achieve 

higher assignment scores. Conversely, students who posted infrequently or whose postings 

remained at lower cognitive levels generally obtained lower assignment results. Although 

causality cannot be definitively inferred, this pattern suggests that active and higher-order 

engagement in asynchronous discussions may be positively associated with learning outcomes in 

physics assignments. 

Table 2. Comparison of discussion scores and assignment performance 

Student D1 D2 D3 D4 D5 D6 D7 D8 

Discussion 

average 

score 

T1 T2 T3 
Average 

assignment 

TWY 95 100 100 100 100 100 100 95 99 90 100 100 97 

AFI 95 100 100 100 90 95 100 100 98 90 95 100 95 

ANR 90 100 100 100 100 90 100 100 98 90 90 90 90 

TYP 95 100 90 95 100 100 95 100 97 90 90 95 92 

ADD 95 95 100 100 100 85 100 100 97 85 95 90 90 

SNR 95 100 100 100 100 95 90 90 96 85 90 80 85 

NKN 95 100 100 95 95 95 90 95 96 85 90 90 88 

RYS 95 100 100 95 95 95 95 85 95 90 90 95 92 

AQR 95 100 90 100 100 90 90 85 94 85 95 95 92 

SKT 95 100 100 90 95 90 90 90 94 75 - 90 55 

APM 90 100 90 95 90 90 90 95 93 85 90 90 88 

SGT 90 90 100 90 90 90 90 100 93 75 95 90 87 

IKS 90 100 100 95 100 - 100 95 85 80 95 100 92 

RSG - 90 95 90 100 100 90 85 81 80 90 90 87 

SDY 100 100 100 100 - 60 - - 58 90 90 - 60 

ADT - - - - - - - - - 80 - - 27 

LMD - - - - - - - - - - 85 - 28 

SRT - - - - - - - - - - - - - 

MIL - - - - - - - - - - - - - 
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The findings of this study revealed that while students frequently accessed asynchronous 

forums, their active contributions through postings were limited, resulting in a prevalence of 

passive participation or lurking. Beaudoin (2002) characterized lurkers as students who learn by 

observing but rarely contribute, a behavior that has been consistently observed in online 

education. Similarly, Lee and Choi (2011) emphasized that many learners read messages without 

responding, thereby restricting dialogic exchanges that sustain collaborative knowledge 

construction. In the present study, the disparity between the high number of views and relatively 

few postings, as reported in Table 1, illustrates this phenomenon. Such passive engagement 

undermines the development of community, which Rovai (2000) argued is critical for persistence 

and satisfaction in online learning. 

The cognitive presence analysis provides deeper insight into the quality of participation. As 

shown in Figure 2, the majority of postings were concentrated at the triggering and exploration 

phases, with only a small percentage advancing to integration and resolution. According to 

Garrison et al. (2000), these latter phases are essential for higher-order learning, as they involve 

synthesizing information and applying knowledge to resolve problems. However, reaching these 

levels remains a challenge in asynchronous environments. Shea and Bidjerano (2009) confirmed 

that while online discussions are effective for initiating inquiry, they often fall short in fostering 

deeper integration. Akyol and Garrison (2011) similarly observed that cognitive presence 

typically develops only partially in online learning settings, suggesting that structured 

interventions are needed to support students’ progression. In the context of physics education, 

where conceptual understanding requires integration of abstract ideas, the predominance of lower-

level contributions suggests that the forums functioned primarily as platforms for information 

exchange rather than deeper cognitive engagement. 

The structure of participation also shaped these outcomes. As depicted in Figure 3, tutors 

emerged as the central nodes in interaction networks, with most messages directed to them rather 

than among students. Dawson (2008) argued that networks with low density and reciprocity limit 

opportunities for building a genuine community of learners. Further demonstrated that SNA often 

reveals centralization in online discussions, with instructors functioning as hubs while peer-to-

peer interactions remain minimal. In this study, the tutor-centered patterns confirmed that while 

teaching presence was strong, social presence among peers was weak, thereby constraining the 

development of higher cognitive presence. Anderson et al. (2003) highlighted that effective online 

learning requires a balance between teaching, social, and cognitive presence; when social 

presence is underdeveloped, collaborative inquiry is difficult to sustain. 

The relationship between participation and performance provides further evidence of the 

importance of active engagement. Table 2 showed that students who contributed more frequently 
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and at higher cognitive levels achieved stronger assignment scores. Hrastinski (2008) noted that 

active participation in online discussions enhances learning by supporting reflection and 

collaborative meaning-making. Similarly, Davies and Graff (2005) reported that higher 

participation in online discussions was positively associated with academic achievement. In this 

study, while causality cannot be assumed, the consistent trend across groups suggests that 

asynchronous forums have the potential to improve student outcomes when participation is 

meaningful. 

The limited peer-to-peer interaction observed in this study may also be explained by 

contextual and pedagogical factors. Hu and Wu (2011) noted that unstructured asynchronous 

discussions often result in surface-level exchanges, as students lack guidance on how to build on 

peers’ ideas. Darabi et al. (2011; 2013) demonstrated that structured prompts and scaffolding 

strategies can significantly enhance the depth of online discourse. In addition, cultural norms in 

educational settings where authority is concentrated on instructors may reinforce tutor-dominated 

exchanges, as suggested by Lee and Choi (2011), who identified both external and internal factors 

influencing persistence in online courses. Cho and Tobias (2016) and Sadaf and Olesova (2017) 

further highlighted the importance of instructor facilitation strategies, such as Socratic 

questioning, in encouraging peer-to-peer dialogue. In the case of Universitas Terbuka, 

infrastructural challenges and students’ lack of confidence in expressing complex ideas likely 

contributed to the reliance on tutors, as indicated by the consistently tutor-centered networks. 

These findings have important implications for the design and facilitation of asynchronous 

discussions in physics education. The limited presence of integration and resolution phases 

indicates the need for more purposeful prompts that require synthesis, critique, and application. 

Research has shown that problem-based and case-driven prompts can encourage higher-order 

thinking (Darabi et al., 2013). Tutor training is also essential to equip facilitators with strategies 

for weaving student contributions, redistributing attention, and encouraging peer engagement 

rather than serving as the sole source of feedback. Without such scaffolds, discussions risk 

remaining tutor-led and surface-level, as evidenced in this study. 

At the same time, this study makes a methodological contribution by combining log data, 

content analysis of cognitive presence, and social network mapping to triangulate findings. Many 

studies of online learning rely primarily on self-reported surveys, which provide limited insight 

into actual behaviors. By integrating behavioral, discourse, and structural indicators, this study 

provides a more comprehensive picture of participation in asynchronous forums. Nevertheless, 

some limitations must be acknowledged. The study was limited to one course with a relatively 

small cohort, which may restrict the generalizability of results. Moreover, off-platform 



Widiasih et al. | JPF | Volume 13 | Number 3 | 2025 | 572 -585 

582 

 
interactions could not be captured by LMS logs, leaving open the possibility that some 

collaboration occurred outside the recorded environment. 

 

IV. CONCLUSION AND SUGGESTION   

The results of this study demonstrated that although students frequently accessed the 

asynchronous discussion forums, their active participation through postings was limited. Most 

contributions were concentrated at the lower levels of cognitive presence, with only a small 

proportion progressing to integration and resolution. Interaction mapping further revealed that 

discussions were predominantly tutor-centered, with minimal peer-to-peer exchanges. Despite 

these limitations, students who participated more actively and at higher cognitive levels tended to 

achieve stronger assignment scores, indicating a positive relationship between meaningful 

engagement in asynchronous discussions and academic performance in physics. 

This study has several limitations. It was conducted in a single course with a relatively small 

cohort, which may limit the generalizability of the findings. Furthermore, off-platform 

interactions were not captured, leaving open the possibility that additional collaboration occurred 

outside the recorded environment. Future research should investigate larger and more diverse 

cohorts, employ experimental designs to test the effectiveness of specific facilitation strategies, 

and explore the integration of structured prompts and scaffolds to foster higher-order engagement. 

Despite its limitations, this study contributes to the field of physics education by providing 

empirical evidence from an open and distance learning context, highlighting both the challenges 

and opportunities of asynchronous discussions. By triangulating log data, cognitive presence 

analysis, and social network mapping, the study advances understanding of how online forums 

function in physics education and offers insights for improving the design and facilitation of 

asynchronous learning environments. 
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