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Summary 

Computer-Supported Collaborative Learning (CSCL) is a pedagogical approach that 

has become commonplace in today’s education. Past research studies have shown that CSCL 

has positive impacts on students’ learning. However, productive collaborative learning does 

not come easy. To facilitate fruitful collaborative learning, collaborative scripts are 

recommended to engage the participants in active collaborative learning and support 

collaborative knowledge improvement. In a CSCL environment, designing, implementing, and 

managing collaboration activities can be challenging for teachers. Besides managing the 

collaborative learning process, the need to deal with different perspectives for knowledge co-

construction, which is often encountered when pre-service teachers collaboratively design 

lessons during their teacher preparation courses, were generally lacking in the deeper 

examination. Understanding how the collaboration script can support collaborative learning to 

bring forth collaborative knowledge improvement in the context of this study is important.  

This study examined how the collaboration script named Spiral Model of Collaborative 

Knowledge Improvement (SMKCI) supported the CSCL process for collaborative knowledge 

improvement. The context of this study was set in a pre-service teacher education programme 

in Singapore. The participants engaged in a computer-supported collaborative lesson design 

session via the SMCKI script to bring about collaborative knowledge improvement. This study 

aimed to examine how SMCKI supported pre-service teachers in collaboratively improving the 

quality of Technology-Enhanced Learning (TEL) lesson design.  

A mixed-method research design was adopted where both quantitative and qualitative 

data were collected and analysis conducted. Twelve participants took part in the collaborative 

lesson design session. Data collected included the TEL design artifacts and the process logs 

generated throughout the SMCKI phases on the AppleTree system. Content analysis was 
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employed to code the TEL design artifacts. Lag sequential analysis was used to examine the 

behavioural patterns across the scripted SMCKI phases, and uptake analysis was used to 

illustrate the uptake traces that led to the participants’ collaborative knowledge improvement. 

These two analyses served to reduce potential systematic biases and to strengthen the findings 

of this study. In all, this study showed that the SMCKI script supported the pre-service teachers 

in improving their TEL lesson design throughout the collaborative lesson design session. The 

improvement of the TEL lesson design from one phase to the next was portrayed in the 

quantitative results. This incremental improvement across the SMCKI phases was further 

demonstrated through the qualitative analysis. The process of collaborative knowledge 

improvement for group idea improvement is presented in this thesis.  

This study has theoretical and practical significance. Theoretically, studying the 

SMCKI in an authentic context is an under-explored area. Moreover, the analysis of the 

benefits of having an individual ideation phase before a collaborative learning phase to address 

the issues with CSCL and support collaborative knowledge improvement can contribute to the 

CSCL research field. From the perspective of analysing the CSCL processes, this study took 

on a quantitative lag sequential analysis to examine the immediate behavioural patterns across 

the SMCKI phases, followed by the qualitative uptake analysis to provide an in-depth 

description to illustrate knowledge uptake traces of knowledge improvement throughout the 

scripted learning process. These analyses served to elaborate on the collaborative learning 

process in detail, aiming to provide a deeper understanding of how scripting can benefit the 

collaborative learning processes. Moreover, this study took a different stance from the common 

reliance on self-report data when examining pre-service teachers’ experience with TEL lesson 

design via the Technological Pedagogical Content Knowledge (TPACK) framework, which 

can further advance the TPACK research. Practically, this study suggests how pre-service 
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teachers can be developed as TEL lesson designers by engaging them in a collaborative lesson 

design session via an entirely virtual CSCL environment.  
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Chapter One: Introduction 

Collaborative learning is considered one of the most important among the 21st century 

skills, both in the education context and industry sectors (Häkkinen, Järvelä, Mäkitalo-Siegl, 

Ahonen, Näykki & Valtonen, 2017; Sampieri-Cabrera, Sosa-Romano & Inclán-Rubio, 2019; 

Yang, Kinshuk, Yu, Chen & Huang, 2014). Collaborative learning facilitates better mastery of 

content knowledge (Falcione, Campbell, McCollum, Chamberlain, Macias, Morsch & Pinder, 

2019) and conceptual grasping (Tolmie, Topping, Christie, Donaldson, Howe, Jessiman & 

Thurston, 2010). It promotes greater academic achievement and positive attitudes toward 

learning (Roberts, 2005). In essence, collaborative learning contributes to an active learning 

process (Laal & Ghodsi, 2012) with improved learning through peer interactions (Kwon, Hong 

& Laffey, 2013; Yamada, Goda, Matsukawa, Hata & Yasunami, 2014). Despite all these listed 

benefits, managing collaborative learning is not easy. In recent years, designing and 

implementing an effective collaborative learning environment has been gaining more attention 

(Le, Janssen & Wubbels, 2018; Radkowitsch, Vogel & Fischer, 2020).  

The development of network technology has changed how teachers and students 

interact in and out of the classroom. This technological advancement has led to the emergence 

of Computer-Supported Collaborative Learning (CSCL). CSCL research studies aim to 

examine how individuals collaborate and learn together with the support of computers (Stahl 

et al., 2006). Effective CSCL requires members within the group to discuss and solve problems, 

activate joint strategies by interacting with their peers, reflect on their differences in 

perspectives, and/or modify their respective initial points of view (Järvelä, Kirschner, Hadwin, 

Järvenoja, Malmberg, Miller & Laru, 2016). However, engaging in this process effectively 

rarely happens spontaneously (Nussbaum, Alvarez, McFarlane, Gomez, Claro & Radovic, 

2009). Students often fail to interact productively in groups (Chen, Looi & Tan, 2010; Järvelä, 

Kirschner, Hadwin, Järvenoja, Malmberg, Miller & Laru, 2016). An important research agenda 
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in CSCL is the need to support intersubjective meaning-making processes and how 

technological affordances can mediate these processes to yield the intended learning benefits 

of working in a group (Suthers, 2006b).  

Collaboration scripts can facilitate an effective CSCL scenario (Popov, Biemans, 

Brinkman, Kuznetsov & Mulder, 2013). Past research studies had shown that collaboration 

scripts support collaborative knowledge improvement (Kollar, Fischer & Hesse, 2006; 

Stegmann, Weinberger & Fischer, 2007). When individuals interact as suggested by a 

collaboration script, they learn better from collaborative learning than those whose CSCL 

settings are not supported by a collaboration script (Weinberger, Ertl, Fischer & Mandl, 2005). 

Specifically, scripting the collaborative lesson designing process in the pre-service education 

context could address issues in managing the CSCL environment. It will also support pre-

service teachers with the sharing and co-construction of knowledge. Hence, this study 

employed a collaboration script to facilitate the CSCL process for collaborative knowledge 

improvement.  

In the following, the research problem and the motivation of this study will be outlined. 

Subsequently, the collaborative script used in this study will be elaborated. The research 

questions and the significance of the study are discussed. This chapter ends with discussing the 

role of the researcher’s background in the research process and the reflexivity strategies. 

 

1.1 Research problem in CSCL  

Over the years, classroom observation studies have confirmed the benefits of 

collaborative learning (Wood & O'Malley, 1996). Nevertheless, findings have shown that 

effective collaborative learning does not come automatically, and even adult learners need 

guidance and time to develop their skills in collaboration (Kennedy-Clark, Kearney & Galstaun, 

2017).  
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Supporting collaborative learning with computers has been extensively examined from 

various theoretical perspectives over the past decades. Termed as computer-supported 

collaborative learning (CSCL), it facilitates better collaborative learning engagement with 

positive learning outcomes in the social and cognitive aspects (Järvelä, Kirschner, Hadwin, 

Järvenoja, Malmberg, Miller & Laru, 2016; Resta & Laferrière, 2007). Many CSCL 

environments and strategies were designed to support schools and the workplace for effective 

collaborative learning (Chen, 2018; Goggins, Jahnke & Wulf, 2013; Järvelä, Häkkinen, Arvaja 

& Leinonen, 2004).  

The role of the computer has shifted from being a knowledge provider to supporting 

collaboration as a medium of communication for productive interactions to take place (Stahl, 

Koschmann, & Suthers, 2006). CSCL has transformed teaching and learning in various aspects. 

Adopting CSCL is increasing in K-12 education, higher education, and pre-service education 

(Chen, Zou, Cheng & Xie, 2020). As most pre-service teacher education was conducted in the 

higher education settings (Goktas, Yildirim & Yildirim, 2008; Reynard, 1963), the issues 

related to CSCL in the higher education settings would be associated with the pre-service 

education as well. Besides, a recent study on pre-service teachers found that their perception 

of collaborative learning changed negatively during their training, even though they were 

confident when they first entered pre-service education (Valtonen, Hoang, Sointu, Näykki et 

al., 2021). This change was possibly caused by challenges within the practical arrangements of 

collaborative learning and the common issues with CSCL (Valtonen, Hoang, Sointu, Näykki 

et al., 2021). In addition, Porcaro (2014) noted that issues with employing CSCL in the 

classroom depend much on culture and context, with CSCL generally more common in 

Western countries, including pre-service education. 

Therefore, even with the prevalent use of CSCL in classrooms (Costaguta et al., 2019), 

issues and challenges related to teaching and learning persist. Such issues and challenges 
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include dealing with uncertainty, team conflict and communication (Stentoft, 2019, Valtonen, 

Hoang, Sointu, Näykki et al., 2021), the presence of free-riders (Hämäläinen & Arvaja, 2009; 

Valtonen, Hoang, Sointu, Näykki et al., 2021), and the uneven level of collaborative efforts at 

different activity phases in collaborative learning (Lai, Lei & Liu, 2016), which are not yet well 

resolved. 

In addition, in the Asian context, where students are generally used to working in a 

competitively structured environment, they possess less interest in collaborative learning (Lei 

& Khan, 2012). Asian students cultivated under the influence of the Confucian Heritage 

Culture are commonly tuned to revere authority, akin to maintaining harmony and avoiding 

public conflicts (Chiu, 2009). Such cultural and behavioural patterns affect how they are 

engaged during the CSCL process.   

To address these challenges and issues, past CSCL research studies proposed the use of 

collaboration scripts. Scripts structure productive collaborative learning and foster the 

emergence of knowledge-productive interactions (Dillenbourg & Hong, 2008). With scripted 

collaborative learning, the participants can disagree with their partners and be as direct and 

specific as possible in their communication (Popov, Biemans, Brinkman, Kuznetsov & Mulder, 

2013). Therefore, this study focused on scripting the collaborative learning process for 

collaborative knowledge improvement in the context of a collaborative lesson design session 

in the pre-service teacher education. 

 

1.2 Research problem in the Pre-service teacher education 

This study was situated in the pre-service teachers’ education. Pre-service teachers in 

Singapore are students enrolled in an initial teacher preparation program at the National 

Institute of Education, Nanyang Technological University Singapore. These pre-service 

teachers are studying to become full-time teachers for deployment in mainstream schools (Low, 
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Lim, Ch'ng & Goh, 2011). The participants in this study were tasked to design Technology-

Enhanced Learning (TEL) lessons collaboratively in a CSCL environment. Hong and Chai 

(2017) proposed that more opportunities be created for the pre-service teachers to work 

collaboratively and innovatively in the professional community.  

Given the rapid technological growth, integrating technology into 21st century 

education is no longer a need but a must (Henriksen, Mishra & Fisser, 2016). Designing a TEL 

lesson is a challenging task (Kafyulilo, Fisser & Voogt, 2015). The Technological Pedagogical 

Content Knowledge (TPACK) framework (Koehler, & Mishra, 2009) posits that effective 

technology integration in designing TEL lessons requires understanding and negotiating the 

relationships between technology, pedagogy, and content (Wong, Chai, Zhang & King, 2014). 

However, pre-service teachers generally lack the knowledge and skills in integrating the three 

components: content, technology and pedagogy (Hofer & Grandgenett, 2012; So & Kim, 2009; 

Chai, Koh & Tsai, 2010; Hong, Lin, Chai, Hung & Zhang, 2019; Koh, 2013). To help pre-

service teachers transform teaching and learning with technology, collaborative lesson design 

was proposed to increase their capability to design effective TEL lessons. 

Tondeur, Scherer, Siddiq and Baran (2017) reckoned that pre-service education should 

provide opportunities for pre-service teachers to come together and share ideas, discuss the role 

of technology in education, and co-construct lesson ideas. Literature has shown that 

collaborative lesson design supports pre-service teachers to make better connections among 

content, pedagogy, and technology (So & Kim, 2009). Although there are several approaches 

for collaborative lesson design, for example, Design Teams (Kafyulilo, Fisser & Voogt, 2015), 

Professional Learning Communities (McLaughlin & Talbert, 2006) and Lesson study 

(Coenders & Verhoef, 2019; Hird, Larson, Okubo & Uchino, 2014), the application of these 

approaches generally take place with expert teachers over a long duration of weeks or months. 

Research studies involving collaborative lesson design have shown that sharing knowledge, 
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skills, and experiences helped overcome challenges related to technology-enhanced teaching 

and could improve technology integration knowledge and skills (Kafyulilo, Fisser & Voogt, 

2016; So & Kim, 2009).  

The underlying level of complexity in the integrated constructs of the TPACK 

framework is broad and ill-defined (Graham, 2011). Its complexity is further bolstered by the 

diversity of literature on assessing the knowledge improvement of TPACK on pre-service 

teachers (Hong, Lin, Chai, Hung & Zhang, 2019; Mouza, Nandakumar, Yilmaz Ozden & 

Karchmer-Klein, 2017). Moreover, complex tasks create a great diversity of outcomes (Reeves, 

Herrington & Oliver, 2004). When the problems to be resolved are highly complex, using a 

collaboration-based approach would be more beneficial than individual learning (Zambrano, 

Kirschner, Sweller & Kirschner, 2019). Therefore, this study engaged pre-service teachers in 

collaborative lesson design to design TEL for Chinese language teaching and learning of the 

reading comprehension segments for primary level catering to the Singapore mainstream 

schools during the lockdown period of Singapore where all students studied online at home. 

In response to the challenges faced in teaching and learning online in this unprecedented 

time, Järvelä and Rosé (2020) deemed that the call for “effective virtual teamwork and 

computer-supported collaborative learning has never been as important as it is today” (p. 143). 

The study by Luo, Murray and Crompton (2017) showed that the pre-service teachers perceived 

the online collaborative learning experiences to be an excellent introduction to the learning on 

how to design and structure such an environment in their future classrooms. The study by 

Rigelma and Ruben (2012) showed that collaboration was central to the pre-service teachers’ 

learning, and the opportunity to learn from one another was rich as the kind of community they 

built and learnt from was deep and strong. Hence, this study engaged pre-service teachers in a 

collaborative lesson design session set in a fully online environment. Such a scenario is 

pertinent during the COVID-19 period. 
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1.3 The CSCL script in this study 

Dillenbourg and Hong (2008) described CSCL macro-scripts as pedagogical models. 

The Spiral Model of Collaborative Knowledge Improvement (SMCKI) (Chen, Tan & Pi, 2021), 

a pedagogical model designed for supporting the collaborative learning process, was ascribed 

as the CSCL macro-script for this study. In this study, the SMCKI macro-script supported pre-

service teachers’ computer-supported collaborative lesson design towards collaborative 

knowledge improvement. The SMCKI is a five-phase macro-script for supporting collaborative 

learning in a networked classroom. This study employed the first four phases of the SMCKI 

script. The focus was to support pre-service teachers in improving their TEL lesson design 

throughout the collaborative learning phases by scripting the collaborative lesson design 

process. 

 

Figure 1.3. The Spiral Model of Collaborative Knowledge Improvement (SMCKI)  
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Figure 1.3 shows the model of the SMCKI script. As shown in Figure 1.3, the SMCKI 

script commences with Phase One individual ideation as a preparatory phase followed by Phase 

Two intra-group idea synergy. Phase Three maximizes the merits of class-wide participation 

for inter-group peer critique. The peer comments during this phase aim to support Phase Four 

intra-group idea refinement, heightening collaborative knowledge improvement. Phase Five 

concludes the learning process at an individual achievement phase. In a nutshell, the five phases 

of SMCKI aim to 1) facilitate active participation both socially and cognitively by maximizing 

the idea generation at the individual and group level, 2) heighten knowledge improvement 

through pervasive knowledge sharing, and 3) address collaborative learning challenges and 

issues at both group level (e.g., silent participants, free-riding, unequal level of collaborative 

effort) and the class level (e.g., knowledge sharing from and with members of other groups 

during a short duration in class). Details of the SMCKI script are further elaborated in the 

Literature Review chapter. 

The SMCKI script is flexible and adaptable to any collaborative learning context. 

Specifically, the SMCKI script phases could be flexibly adapted to suit the purpose of the 

designed task. Therefore, this study adopted the first four phases of this collaboration script to 

support collaborative lesson design for group idea improvement in the pre-service education 

context.  

Internationally, there is a shift of research focus from the individual to collaborative 

learning in the teacher education, with an assertion on the need for teachers to work 

collaboratively to share, discuss, and co-construct new teaching ideas (Hong, Lin, Chai, Hung 

& Zhang, 2019). Furthermore, Häkkinen, Järvelä, Mäkitalo-Siegl, Ahonen, Näykki and 

Valtonen (2017) noted that “the current way of working in teacher education does not match 

well enough the needs of 21st century learning environments” (p. 21), particularly on 

approaches that focus upon collaboration as well as the use of ICT for teaching and learning 
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(Häkkinen, Järvelä, Mäkitalo-Siegl, Ahonen, Näykki & Valtonen, 2017). Moreover, Hong and 

Chai (2017) advocated for more research agendas to focus on the classroom conditions that 

affect complex teacher preparation processes, which are needed to prepare effective teachers 

better. Therefore, by engaging pre-service teachers in CSCL via the SMCKI script, not only 

could the collaborative lesson design session be supported for collaborative knowledge 

improvement, but pre-service teachers would also be provided with concrete experiences to 

enhance their 21st century skills.   

Given that this study focused on the process and outcome of group idea development, 

the analysis of Phase Five data was excluded. However, all participants underwent the five 

phases of the SMCKI script. 

 

1.4 Research purpose and research questions 

This study aimed to examine the impact of the collaboration script SMCKI for pre-

service teachers’ collaborative knowledge improvement in their TEL lesson design. There were 

two research questions crafted for this study. The research questions were set to examine issues 

with collaborative learning from both the social and cognitive perspectives.  

According to Rummel (2018), the purpose of implementing a collaboration script seeks 

to help the participants manage their interactions, with the ultimate goal to improve domain 

learning. Since collaboration script can prompt participants with cognitive and social processes 

during collaborative learning that might otherwise not occur, enforcing a fruitfully structured 

interaction would lead to improved joint knowledge (Rummel, Spada & Hauser, 2006). 

Therefore, the first research question was crafted: 

Research question one: Does the SMCKI support pre-service teachers in improving the 

quality of their TEL lesson design? 
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Studying the process of how scripting collaborative learning leads to collaborative 

knowledge improvement could have important implications for designing and planning 

scripting in future educational settings. For knowledge improvement to take place 

collaboratively, coupled with positive performance outcomes from the collaborative learning 

process, what transpired across and within each scripted collaboration phase is important. Since 

knowledge is known to reside in the heads of people (Björk, Di Vincenzo, Magnusson & 

Mascia, 2011), an individual ideation moment (Phase One) is set before the intra-group synergy 

phase (Phase Two) in the SMCKI script to enable the explicit presentation of individual 

knowledge before collaborative learning takes place. Individual opinions are indispensable. 

Setting aside time for individuals to work in solitary allows the fruitful contribution of 

individual domain knowledge to the group (Rummel & Spada, 2005). SMCKI Phase One 

attempts to provide the pre-condition of knowledge sharing for subsequent knowledge co-

construction to take place. In a collaborative learning environment, if group members do not 

share the knowledge they bring to the learning environment effectively, they may find 

difficulties establishing a shared understanding, leading to ineffective co-construction of new 

ideas (Jermann, Soller & Lesgold, 2004). To the best of the researcher’s knowledge, having an 

individual ideation during collaborative learning is uncommon. Investigating how individual 

ideation impacts collaborative knowledge improvement is also an area less explored.   

Proceeding from SMCKI Phase Two is Phase Three class-wide peer critique. This 

phase promotes collaborative knowledge improvement in its widest range within the 

collaborative learning setting. Past research studies on class-wide peer critique commonly 

focus on peer-tutoring, which provided individuals with the opportunity within the class to 

render or receive help (Topping, 2005). Such a class-wide peer-tutoring strategy can be 

implemented with an academically stronger student trained to coach another weaker student 

(El-Senousy, 2020) or assigning tutor and tutee roles to a designated group (Maheady, Mallette 
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& Harper, 2006; Weinberger, Ertl, Fischer & Mandl, 2005).  

In this study, class-wide peer critique was taken to a different level where peer critique 

happened at the group unit; yet the opportunity was given to every individual within each group 

to access any other groups to learn from and render help by giving feedback to the target group 

product. Leveraging peer critique to support active learning, provide constructive criticism, and 

knowledge sharing are known to yield benefits (Barak & Rafaeli, 2004). Examining how the 

peer comments contributed during the class-wide collaborative learning phase helped to elevate 

each group’s knowledge for further improvement is critical. This inter-group peer critique 

phase could potentially level up the collaborative lesson design outcomes at Phase Four by 

furthering collaborative knowledge improvement, leading to productive collaborative lesson 

design.  

Technically, each group within the collaborative learning setting could leverage the 

individual prior knowledge shared during Phase One, together with the collaborative learning 

across the collaborative phases two, three and four from the SMCKI script for collaborative 

knowledge improvement. However, examining the improvement of the TEL lesson design by 

comparing the performance outcome quantitatively before, during and after the collaborative 

lesson design process could only provide the surface results of the SMCKI script. Therefore, 

research question two was crafted to present how collaborative knowledge improvement took 

place across the SMCKI phases through the participants’ behaviours.   

Research question two: How did the TEL lessons designed by pre-service teachers 

improve throughout the SMCKI phases? 

The second research question aimed to inform how the scripted phases of SMCKI 

support collaborative knowledge improvement during the collaborative lesson design process. 

This examination could potentially fill the important research gap on guiding “how 

collaborative (dyad or small-group) learning interconnects with individual and large-group 
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work” (Roschelle, 2013, p. 68). In this study, the large group would refer to the entire class. 

Therefore, the two research questions could contribute to the underexplored areas and research 

gaps in the CSCL research field.   

To reiterate, the two research questions are: 

1. Does the SMCKI support pre-service teachers in improving the quality of their TEL 

lesson design? 

2. How did the TEL lessons designed by pre-service teachers improve throughout the 

SMCKI phases? 

 

1.5 The CSCL Environment for this study 

Studying how collaborative activity takes shape in the context of technological settings 

is one of the main challenges in CSCL (Häkkinen, Arvaja & Mäkitalo, 2004; Overdijk, Van 

Diggelen, Kirschner & Baker, 2012). Careful consideration is needed to decide on a suitable 

online workspace for this study. Although many online learning platforms support group 

processes, they do not focus on the collaborative construction of knowledge (Halavais, 2016). 

This study leveraged the CSCL system AppleTree (Chen, Looi, Wen & Xie, 2013) as the online 

collaborative learning platform for collaborative lesson design. The AppleTree system can 

provide the participants with sufficient shared working space during various collaborative 

lesson design phases. The graph-based workspace of the AppleTree system allows the 

participants to present lesson design activities in a tree structure, similar to a concept map. 

Figure 1.5 shows the graph-based workspace of the AppleTree system using Group one as an 

example.  
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Figure 1.5. The AppleTree system Graph-based workspace (Group one)  

 

As shown in Figure 1.5, the tree structure presentation can help the participants visualise 

the flow of lesson activities of the stipulated lesson objectives for the particular lesson design 

vividly. The rightmost two tree structures represent the dyads' individual ideation TEL lesson 

design. The leftmost tree structure represents the group synergised TEL lesson design of Group 

one. 

Fischer, Bruhn, Gräsel and Mandl (2002) stated that leveraging content-specific 

visualisation tools are helpful to the participants when they externalize on-task knowledge. 

This externalisation could also support the conflict-oriented consensus-building process 

(Fischer, Bruhn, Gräsel & Mandl, 2002). Moreover, it was found that such visualisation tools 

can support collaborative knowledge construction to reach substantially higher quality learning 

outcomes (Fischer, Bruhn, Gräsel & Mandl, 2002). The details of this platform are elaborated 

in the Affordances of technology section. 
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1.6 Significance of the Study 

Implementing effective collaborative learning is challenging and full of complexity 

(Weinberger, Kollar, Dimitriadis, Mäkitalo-Siegl & Fischer, 2009). Leveraging the SMCKI 

macro-script can help facilitate collaborative learning processes to support collaborative 

knowledge improvement at the group and the class level. Applying the first four phases of the 

SMCKI script to support pre-service teachers’ collaborative lesson design can enable 

collaborative knowledge improvement. Specifically, the SMCKI script can support the pre-

service teachers in collaborative knowledge improvement when they engage in the process of 

collaborative lesson design by improving the quality of their group TEL lesson design. 

Findings from this study have both theoretical and practical significance. 

From a theoretical perspective, this study can contribute to the CSCL research field by 

evaluating the phase-to-phase transition of the SMCKI script during the collaborative learning 

process. The detailed examination would enable a deeper understanding of what transpired 

during the socio-cognitive process, leading to higher quality learning outcomes. Since scripting 

a collaborative learning environment is a complex process, understanding and analysing 

collaborative learning processes requires a fine-grained sequential analysis of how the 

participants interact in the context of learning goals (Malmberg, Järvelä & Järvenoja, 2017). 

Although measuring the quality of the group outcome is commonly considered a success 

criterion, assessing the quality of the collaborative process is an area of equal importance 

(Meier, Spada & Rummel, 2007).   

Furthermore, leveraging the SMCKI script in pre-service education is an area that is 

new and less explored. To the best of the researcher's knowledge, there are limited studies that 

examine the phase-to-phase process of the SMCKI collaboration script in pre-service education 

during collaborative lesson design.  
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Collaborative learning activities are known to help elicit prior knowledge and 

eventually bring awareness of existing knowledge gaps to the collaborating participants 

(Kaendler, Wiedmann, Rummel & Spada, 2015). When the sequence of activities in a 

collaborative learning scenario is well situated with the support of a collaboration script, 

knowledge gaps can be filled in the information sequence (Kollar, Fischer & Hesse, 2006).  

Successful collaboration can be constrained by a dearth of high-level collaborative 

processes of meaning negotiation and narrowing distinctions between their expressed opinions 

(Popov, Biemans, Brinkman, Kuznetsov & Mulder, 2013). The meta-analysis conducted by 

Vogel, Wecker, Kollar and Fischer (2017) indicated that “on average, CSCL scripts have a 

small but statistically significant positive effect on learners’ domain-specific knowledge” (p. 

496). The effects were higher on collaboration skills, while their effects for domain learning 

were less clear (Radkowitsch, Vogel & Fischer, 2020). Effectively, CSCL scripts should also 

target helping students reach higher knowledge improvement levels (Vogel, Wecker, Kollar & 

Fischer, 2017). One crucial aspect during the collaborative learning process is to ensure that 

the participants are given support on how to present their ideas best, ask for feedback or 

clarification, explain one's point of view, and provide extra resources (Popov, Biemans, 

Brinkman, Kuznetsov & Mulder, 2013). Such supports are essential for helping the participants 

achieve the intended outcome. In this study, the outcome was collaborative knowledge 

improvement. 

The benefits of regulated learning for collaborative learning have been shown in past 

literature. However, researchers have not fully explored the temporal and sequential order of 

these regulated learning processes and how they fuel knowledge construction (Malmberg, 

Järvelä & Järvenoja, 2017). Collaborative learning is a dynamic process that occurs over time. 

However, traditional quantitative research methods had commonly been used to examine 

relationships between the input and output performance outcome (Wise & Schwarz, 2017). 
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Providing an alternative way to characterize the sequential analysis of the behavioural patterns 

and socio-cognitive learning activities in the CSCL setting is important. Such characterisation 

can help better understand how the participants behave when they progress throughout the 

collaborative learning process. Therefore, both quantitative and qualitative analysis methods 

were applied in this study to provide a comprehensive picture of how the SMCKI script 

supported pre-service teachers in improving the quality of their TEL lesson design. The 

behavioural patterns of participants’ improving their TEL lesson design and the traces of their 

collaborative knowledge improvement were illustrated via the lag sequential analysis and the 

uptake analysis.   

This study can also be of practical significance. According to Goodyear and Retalis 

(2010), developing teachers and TEL designers, especially novice teachers, require tools and 

methods to help them produce effective designs. This study aims to develop teachers as 

designers through a scripted collaborative lesson design. As indicated by Häkkinen, Järvelä, 

Mäkitalo-Siegl, Ahonen, Näykki and Valtonen (2017), there is a need to educate pre-service 

teachers “in a way they are supposed to teach their future students” (p. 21). Employing a 

scripted collaborative learning approach in pre-service teacher education would provide them 

with the experience to better design the TEL lesson in an authentic classroom setting. By 

supporting the collaborative lesson design scenario via the SMCKI script, not only can the 

effects of collaborative knowledge on TEL lesson design be deepened, but a high level of 

collaborative learning can also be achieved.   

In all, this study attempts to respond to Rummel (2018)’s challenge to CSCL 

researchers and designers to be conscious and precise in defining the goals of the supports they 

design and how they expect these supports can meet the goals. By employing the SMCKI script 

in this study, the effectiveness of supporting collaborative knowledge improvement during pre-

service teachers’ collaborative lesson design will be examined. The intended outcome of 
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applying collaboration script aims to bring about effective collaborative learning for knowledge 

sharing so that collaborative knowledge improvement can reach higher heights.  

 

1.7 The Researcher’s Background and the Reflexivity approach 

 A researcher's background and position will affect the framing of a study, the angle of 

data analysis, the interpretation of data and shaping the conclusion (Malterud, 2001). To ensure 

the reliability of this study, it is deemed appropriate for the researcher to adopt a reflexive 

approach and attempt to be honest and open about how values would possibly influence this 

research (Greenbank, 2003). Reflexivity in research can be described as a lens of self-

awareness in continuously criticizing and interrogating the research process. With reflexivity, 

there is an examination and deconstruction of how the research knowledge is created to prevent 

contingently implication of the research with the researcher's background, assumptions, 

positioning, behaviour, and subjectivity on the research process and vice versa (Finlay, 2017). 

 Boyd (2000) argued that no matter how well designed, research can never be value-free. 

The tension between equity and excellence in education will always be with us – the researcher 

and educator at heart (Boyd, 2000). Hence, reflexivity can help disentangle ethical dilemmas 

inherent in the human research project (Finlay, 2017). At the same time, maintaining reflexivity 

in research is encouraged as it seeks to help researchers grow their capacity to understand the 

significance of the knowledge, feelings, and values that they brought into the field to the 

research questions that they came to formulate, to the analytical lenses that they chose to 

employ, and to their findings (Attia & Edge, 2017). 

 In this study, the lecturer (the term used for identification in the procedure section), and 

the researcher are of the same person.  Before the researcher’s secondment to the NIE, NTU as 

a Teaching Fellow (use with the term lecturer in this thesis) in the Asian Languages and 

Cultures Academic Group, the researcher was a school staff developer in a Singapore 
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mainstream school. One of the job specifications of a school staff developer is to develop the 

capacity of all the teachers within the school they are serving. This role is likened to a teaching 

fellow's duty, although the target audience is different. As a school staff developer, the target 

audience for professional development is the in-service teachers who had teaching experiences. 

As a teaching fellow, the role is to develop pre-service teachers with the knowledge and 

competency to design ICT-integrated lessons effectively. With the capability to design 

effective lessons, they can be better prepared for their future classrooms to engage today’s 

digital learners in the Singapore school context.  

 Having worked in the private sector specializing in system design and implementation 

of enterprise resource planning using technology for more than a decade before joining the 

education fraternity, the inherent inclination to incorporate ICT to bring about effective 

learning processes and outcomes has already been cultivated as an instinctive behaviour. 

Therefore, integrating technology in lesson design was naturally deemed necessary since the 

onset of the researcher’s journey as a beginning teacher. Coupled with passion and expertise, 

developing ICT-integrated lessons became a niche area. Organizing staff training sessions to 

share innovative pedagogical approaches within the school and the education community 

became a norm. Helping teachers overcome challenges when integrating technology into lesson 

design was a key focus. Therefore, the design of TEL lessons for effective and efficient 

teaching and learning was one motivating factor for this research. 

 The work in NIE, NTU has widened the researcher's horizon to understand the gaps 

teachers have with TEL lesson design. Pre-service teachers often do not consider the in-depth 

alignment between content and pedagogical approach in their lesson design, let alone when 

technology becomes an added factor for considerations. Teachers often focus on fulfilling the 

impartation of content knowledge, which commonly comprises language skills, knowledge and 

the desired education outcomes stipulated in the national Chinese language curriculum. Lesser 
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thoughts were placed on how students learn and incorporating the nurturing of 21st century 

competency within the lesson delivery. This would usually result in loose alignment among the 

content, pedagogical and technological knowledge in the lesson design. With the unintentional 

lack of considering how digital learners learn, new media literacy and its associated 21st century 

competency are often neglected. With an intensive four years’ working with in-service teachers 

in professional development in the mainstream school (as an ICT subject head and school staff 

developer), together with four years in NIE, NTU working with pre-service teachers, 

establishing the fundamentals of TEL lesson design with pre-service teachers straight from the 

horse’s mouth would be beneficial to their learning. This will help eliminate many issues 

currently faced by in-service teachers in TEL lesson design and implementation. 

 Biases cannot be eliminated easily in research, and subjectivity arises when the effects 

of the researcher are ignored. To ensure no undesirable or hidden skewness, the workings of 

reflexivity ought to be accessed via observations, reflections, and through constant interaction 

with my supervisors (Attia & Edge, 2017). Fundamentally, the role of reflexivity would raise 

self-awareness which can contribute to deepening the understanding of a particular field (Attia 

& Edge, 2017). Reflexivity was fundamentally about how a researcher critically analyses and 

impacts the gathered data (Carolan, 2003). To understand the impact of the researcher's views 

and values, self-reflection or reflexivity can help shed light on the conflicts between the natural 

role felt and as a fledgeling researcher (Carolan, 2003).   

Subjectivity and bias can “provoke difficult questions about ontology, epistemology, 

theory, research ethics, research design and conduct, and the value of research for society” 

(Roulston & Shelton, 2015, p. 9). In addition to self-examination and self-reflection, 

establishing inter-rater reliability helped maintain objective judgment during the data coding 

process. The data coded by the researcher and another coder helped ensure the reliability of the 

coded data. 
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During the research process, the researcher needs to maintain close communications 

with the participants to “develop an understanding of the role of trust, collaboration, and 

corroboration in establishing trustworthiness” (Attia & Edge, 2017, p.40). The interconnection 

between the elements is shown in Figure 1.8 (Attia & Edge, 2017, p.41).  Building trust is 

essential to ensure that the data collected is sound and can strengthen the validity of the findings, 

facilitate the collaboration and corroboration process. Trust is established by ensuring that no 

confidential data will be published. The outcome in participating in this research was 

articulated clearly to the participants that it would help them develop their competency with 

TEL lesson design.  

  

Figure 1.8. From trust to trustworthiness. 

Besides that, the researcher could also use strategies for questioning findings and 

interpretations instead of judging them by subjective or universal thinking about the effect of 

context (Malterud, 2001). Examples of self-examination questions include 1) How do theories 

inform the design of this study? 2) Are there methods that were overlooked? Why? Discussion 

sessions with the coder, supervisors, and the thesis advisory committee members help ensure 

that subjectivity and bias are managed appropriately. In all, these strategies aimed to strive 

towards strong objectivity as the final goal.  
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1.8 Overview of the Thesis 

This thesis comprises five chapters. Chapter one introduces the research problem, 

research context, research questions, and the significance of this study. This chapter concludes 

with the researcher’s background to ensure the credibility of this research. Chapter two 

elaborates the state of the art of this research. The five broad sections include collaborative 

learning, computer-supported collaborative learning, collaboration scripts, collaborative lesson 

design and finally, the pre-service teachers’ TEL lesson design. Chapter three illustrates the 

methodology, which includes the design method, the research participants and context, the 

procedure of the study, data source and data collection, data analysis method and the coding 

schemes. Chapter four presents the results of this study by answering the two research questions. 

Finally, chapter five commences with a summary of the results and discusses its theoretical and 

practical contributions. The discussion includes the study’s contribution to the CSCL research 

field and its practical contributions to the pre-service teachers’ education. The thesis completes 

with limitations of the study and possible future directions and implementations. 
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Chapter Two: Literature Review 

This chapter reviews the state of the art of this research field. There are five main 

sections in this chapter. The first section commenced with an overview and a broad concept of 

collaborative learning. The second section is the coverage of the literature related to computer-

supported collaborative learning (CSCL). The sub-sections include previous research studies 

related to the two important aspects of the CSCL processes in this study: the individual ideation 

phase and the peer critique phase. The affordances of technology and how the technological 

platform used in this study is identified are discussed. 

The third section, which is the collaboration scripts, is an important section in this 

chapter. This section presents two aspects of collaboration scripts, the external versus internal 

script dimension and the macro versus micro script dimension. Given that this study spanned 

over a short duration of a CSCL session, the concept of rapid collaborative knowledge 

improvement is brought forth. For rapid collaborative knowledge improvement to occur, the 

collaboration script Spiral model of Collaborative Knowledge Improvement (SMCKI) is 

employed as the collaboration script for this study. How the SMCKI collaboration script 

supports knowledge sharing, knowledge co-construction, knowledge improvement, and its 

relation to the SMCKI phases are also included in this section.  

The fourth section describes the rationale of leveraging collaborative lesson design to 

develop pre-service teachers’ TEL lesson design competency. The fifth section illustrates the 

aspects of the Technology-Enhanced Learning (TEL) task related to this study. Finally, the 

literature review concludes with a summary of the chapter. These sections set to establish the 

scope of this study.  
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2.1 Collaborative learning 

Collaborative learning is defined as a situation in which two or more people learn or 

attempt to learn something together (Dillenbourg, 1999). From an instructional perspective, it 

refers to a method in which students were instructed to work in small groups toward a common 

goal - to solve a problem, complete a task, or create a product (Laal & Laal, 2012; Prince, 

2004). Collaborative learning represents a significant shift away from the typical teacher-

centred or lecture-centred instructional method to an approach where learning is an active and 

constructive process (Smith & MacGregorm, 1992). When an individual is engaged in 

collaborative learning, the interactive group process allows individuals to actively contribute, 

shape their thoughts, and develop their ideas through collaborative work (Macdonald, 2003). 

This process promotes learning within the individual and between group members (van der 

Linden, Erkens, Schmidt & Renshaw, 2000). The concept of learning among group members 

is typically influenced by Vygotsky (1978), who advocated that cognitive development occurs 

through social interactions and the process of learning continues more effectively through peer 

interactions. 

The terms collaborative learning and cooperative learning are occasionally used 

interchangeably; although they have different origins, both involve students working together 

to achieve shared learning goals and to achieve learning both at the individual and the group 

(Erbil, 2020; Pai, Sears & Maeda, 2015). In this thesis, collaborative learning will be used to 

present both concepts. How collaborative learning leads to collaborative knowledge 

improvement forms the focus of this review. 

During collaborative learning, the interactions and negotiations with other agents 

emphasize that knowledge is no longer tied to an individual but is relative to a community (van 

der Linden, Erkens, Schmidt & Renshaw, 2000).  This interdependence describes a situation 

where the complexity of the task requires the integrated knowledge of more than one individual 
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group member (Strauß & Rummel, 2020). It is a condition whereby individuals are less prone 

to be dominated by their personal perspective and are more able to consider their peer’s 

informational needs and monitor their peer’s understanding accordingly (Molinari, Sangin, 

Dillenbourg & Nüssli, 2009). Interdependence is a vital phenomenon observed within 

collaborative learning processes (Schnaubert & Bodemer, 2018). The interdependence among 

the group members and across groups can include the shared task and knowledge. Knowledge 

independence encompasses knowledge sharing and co-construction, which foster 

interdependence. This interdependence could occur when the weaker individuals benefit from 

a more knowledgeable peer through internalisation of the shared information and adopting the 

thought processes of others (Schnaubert & Bodemer, 2018). In other words, collaboration leads 

to knowledge interdependence when the individuals complement the expert knowledge of each 

other (Molinari, Sangin, Dillenbourg & Nüssli, 2009). Therefore, the learning outcomes are 

highly interdependent of each other, even though individuals may profit differently from the 

collaborative activity (Schnaubert & Bodemer, 2018). Hence, providing an effective 

interdependence process is critical for collaborative knowledge improvement. 

Collaborative learning has long been considered more effective than conventional 

instructional methods to help students develop conceptual knowledge and skills (Terenzini, 

Cabrera, Colbeck, Parente & Bjorklund, 2001). It has become an increasingly important part 

of education and education research (O’Donnell & Hmelo-Silver, 2013; Terenzini et al., 2001; 

Tiplic, Elstad, Brandmo, Steingrímsdóttir & Engilbertsson, 2019). Despite the wide use in the 

education setting, collaborative learning's full potential is not easily realised in practice (Scager 

et al., 2016; Tiplic et al., 2019). Effective collaborative learning does not occur simply by 

placing students in a group and assigning them a task (Soller, 2001). When the collaborative 

learning task involves cognitively high-level functions (Dillenbourg, 2002), support is needed 
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to help teachers and students engage productively in the collaborative learning process (Jeong 

& Hmelo-Silver, 2016).  

There is a broad territory of pedagogical models for collaborative learning design and 

implementation. These models range from classroom discussions interspersed through one or 

more class periods, lasting an entire term or even up to a whole year (Goodsell, Maher, Tinto, 

Smith & MacGregor, 1992). The widely used pedagogical approaches to foster effective 

collaborative learning include think-pair-share, jigsaw model, reciprocal teaching, the 

community of practice model and the knowledge building (Carvalho, Martinez-Maldonado & 

Goodyear, 2019; Davidson & Major, 2014; Hmelo-Silver, 2013; Pluta, Richards & Mutnick, 

2013; Prince, 2004; Scardamalia & Bereiter, 1994). As Dennen and Hoadley (2013) have stated, 

“each of these models provides a vision for how to structure a collaborative learning 

environment such that it will lead to learning” (p. 390).  

The think-pair-share strategy works in three phases. First, the teacher provokes 

students' thinking with a question, a prompt, or an observation. After they thought about the 

question, the teacher will pair the students or students pair up to discuss their ideas. They would 

compare their thoughts and identify the best idea to share with others in the class (Kaddoura, 

M. (2013).  

The Jigsaw model aims to facilitate collaborative learning. For this model, students are 

assigned a portion of a discussion topic to learn and then teach members from other groups 

within the same class setting (Aronson, Blaney, Stephin, Sikes & Snapp, 1978). In recent years, 

there was a good adoption of using the Jigsaw model to improve learning outcomes (Hakim & 

Sakti, 2019; Parsazadeh & Rezaei, 2018). This model was also commonly employed to help 

develop students’ critical thinking skills (Saputra, Joyoatmojo, Wardani & Sangka, 2019). In 

the Reciprocal teaching model, the participants assumed different roles and operated in 

sequence to complete the task. Most research studies conducted concluded with somewhat 
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mixed results (King, 2007). Developed by Scardamalia and Bereiter (1994), the Knowledge 

Building model focuses on knowledge creation. This model aims to produce and continuously 

improve ideas that are valuable to a community. By harnessing the community's efforts, 

knowledge creation would contribute to civilization-wide efforts to expand the frontiers of 

knowledge (Scardamalia & Bereiter, 2006). 

With a wide variety of pedagogical approaches and models to facilitate collaborative 

learning, it is important to consider how the learning needs can be addressed.  Ensuring students 

respond to each other’s work, engage in analysis and meaning-making is crucial for 

collaborative learning (Davidson & Major, 2014; O’Donnell & Hmelo-Silver, 2013). When 

designing for collaborative learning, teachers should note that the collaborative learning task 

that students immerse in should be within the participants’ zone of proximal development 

(Masters, 2013). The zone of proximal development refers to the difference between the current 

level of cognitive development and the potential level of cognitive development (Vygotsky, 

1980). Within the zone of proximal development (i.e., individual's zone of potential learning), 

continually challenges are needed so that learning can be effective (Nyikos & Hashimoto, 

1997). Therefore, when the participants act in the area in which they move from their actual 

knowing to a zone of potential learning, their potential can be reached through the help of the 

more knowledgeable ones (Turunen & Tuovila, 2012). This means that more capable others 

can provide peers with new information and ways of thinking (Nyikos & Hashimoto, 1997). 

Through the social interactions in collaborative learning, individuals are provided with the 

opportunity to practice and develop higher-order reasoning and problem-solving skills (Smith 

& MacGregorm 1992). The participants could benefit from collaborative learning by gaining 

new insights through interactions, discovering missed-out information, and develop a new and 

different way of understanding (Nyikos & Hashimoto, 1997). Concisely, when individuals are 

engaged in collaborative learning, they benefit both socially and cognitively (Cabrera, 
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Crissman, Bernal, Nora, Terenzini & Pascarella, 2002; Laal & Ghodsi, 2012, Prince, 2004; 

Nyikos & Hashimoto, 1997). This learning benefit is made possible when individuals bring 

different experiences and knowledge together. When this happens, they could contribute 

collaboratively to the problem-solving situation rather than dealing with it individually (Van 

den Bossche, Gijselaers, Segers & Kirschner, 2006). 

Tolmie, Topping, Christie et al. (2010) stated that cognitive and social gains are 

interlinked. Mutual cognitive development would be possible only when willing peer 

interactions that are social in nature occur simultaneously (Nyikos & Hashimoto, 1997). This 

is possible only when productive interactions take place. However, the productive exchange of 

ideas can create social tensions (Tolmie, Topping, Christie et al., 2010). Such tensions could 

arise from the difficulties faced by peers when coping with disagreements and reaching shared 

understandings during group discussions (Alexopoulou & Driver, 1996). Without appropriate 

social support, the potential for learning (or zone of proximal development) for both the 

individual and the group would be significantly reduced (Nyikos & Hashimoto, 1997). 

Developing social skills, such as turn-taking and active listening, is crucial (Oxford, 1997). In 

the role and function of the zone of proximal development analysis, Vygotsky (1978) stated 

that problem-solving under guidance or collaborating with more capable or knowledgeable 

peers helps develop higher mental functions. With Vygotsky paving the path towards the social 

dimension of learning, the use of technology mediating and supporting thought processes made 

way for computer-supported collaborative learning (Wegerif, 2006). The review of the 

computer-supported collaborative learning is crucial as it is the learning environment in this 

study. 
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2.2 Computer-Supported Collaborative Learning 

The advancement in technology has created the opportunity for computers to support 

collaborative learning (Jeong & Hmelo-Silver, 2016; Kirschner, Martens & Strijbos, 2004; 

Ramírez‐Donoso, Pérez‐Sanagustín & Neyem, 2018). Termed as computer-supported 

collaborative learning (CSCL), CSCL basically deals with how individuals collaborate and 

learn together with the help of computers (Stahl et al., 2006). It is built on the premise that 

collaborative knowledge construction can be effectively assisted by technology (Jeong, Hmelo-

Silver & Jo, 2019). Therefore, tapping upon the benefits of technology to enhance the 

collaborative learning process and outcome is an important aspect of CSCL.  

The use of computers for collaborative learning was initially aimed at providing 

communication, coordination and collaboration tools that ease group dynamics regardless of 

space, time, and group members (Costaguta et al., 2019). Over the years, these primary means 

of communication have extended to a wider arena. CSCL denotes the sharing and constructing 

knowledge among the participants, using technology as the shared resource (Cen et al., 2016). 

Research studies have reckoned that without these networked communication media and 

software tools, collaboration with knowledge construction could not have otherwise taken 

place (Gress, Fior, Hadwin & Winne, 2010; Hernández-Sellés, Muñoz-Carril & González-

Sanmamed, 2019; Hou & Wu, 2011). Leveraging upon both software tools and the CSCL 

environments have made possible the varied forms of supporting collaboration, knowledge 

construction and development of group understandings (Gress, Fior, Hadwin & Winne, 2010).  

To date, CSCL is reckoned as one of the most favourable innovations to support 

learning and knowledge improvement (Chen, Wang, Kirschner & Tsai, 2018). Using 

technology to support collaborative learning has long been encouraged (Kirschner, Martens & 

Strijbos, 2004; Ramírez‐Donoso, Pérez‐Sanagustín & Neyem, 2018). Since the 1990s, 

CSCL research has focused on enhancing the collaborative process through the use of different 
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technologies (Koschmann, 1996, Cress, Stahl, Ludvigsen & Law, 2015). These technologies 

facilitate the process of idea generation through which the participants can develop and 

improve their thinking skills (Kim, 1999).  

 

2.2.1 Idea generation in CSCL 

Idea generation is a cognitive process (Wang, Rose, Cui, Chang & Huang, 2007). It is 

referred to as diverse ideas, brainstorming, and idea-sharing, any of which could relate to 

knowledge co-construction (Song & Looi, 2012). It seeks to externalize the expression of 

opinions, seek clarification, interpret, explain, dispute, generate and test ideas, and elaborate 

opinions – all of which can be facilitated through collaboration (Price, Rogers, Stanton & Smith, 

2003).  

Research studies have shown that a CSCL environment can increase idea generation 

(Hsiao, 1996). Past research studies on the collaboration with generating ideas as the central 

focus have been practised in the knowledge building environment (Scardmalia & Bereiter, 

2014). Idea improvement within a knowledge-building environment typically spans multiple 

sessions (weeks or months) involving a “significant amount of offline discussion, 

experimentation, and other activities preceding the first and following the last note created” 

(Zhang, Hong, Scardamalia, Teo & Morley, 2011, p. 277). Hong and Lin (2019) noted that in 

a knowledge-building community, the preferred approach is to encourage participants “to work 

as a larger community and to group and re-group based on the similarities and differences in 

the ideas they are dealing with at a given time” (p. 67). This scenario differs from the focus of 

this study, where idea generation and idea improvement were targeted within a short period of 

class duration, and idea generation was targeted at the individual level before improvement at 

the group level. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

 

30 

Idea generation in individuals and groups is a complex process (Paulus & Brown, 2007). 

In order to present one's idea in the context of knowledge sharing, one must draw on one's prior 

knowledge, retrieving existing knowledge from long-term memory (Paulus & Brown, 2007). 

Stahl (2000) claimed that knowledge is the information that is meaningful within the context 

of personal, or group perspectives or both. When individual contributions are presented, these 

ideas can help build up group accomplishment and help collaborative groups progress further 

(Chen, Looi & Tan, 2010). Korde and Paulus (2017) found that performance is elevated when 

an individual ideation phase is situated before the group ideation phase. In this regard, the focus 

of this study was to script an individual ideation phase at the beginning of the collaboration 

script to serve as a springboard for intra-group activity.  

In the SMCKI script employed in this study, the individual ideation phase occurs at the 

beginning of the script. During this phase, each member within each group is given a solitary 

moment to generate their ideas before the collaborative learning process occurs. This phase 

allows the group members to share and elaborate on their prior knowledge before knowledge 

construction during the SMCKI Phase Two intra-group synergy. The outcome of the 

knowledge improvement brought about by the individual ideation and how the individual 

ideation contributed to the group idea development would be examined in depth in this study. 

Idea generation at the group level differs from a solitary idea generation. McMahon, 

Ruggeri, Kämmer and Katsikopoulos (2016) reckoned that group idea generation is more 

effective than idea generation for individuals. However, when group members come together 

for idea generation, massive idea generation can also cause one to feel less responsible when 

others have already generated many ideas (Korde & Paulus, 2017). In a group situation, 

adherence to social conventions, such as taking turns, was deemed necessary to reap the 

benefits of being exposed to different perspectives, leading to more new ideas being generated 

(Paulus & Brown, 2007). Nijstad and Stroebe (2006) found that idea generation can be of better 
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quality at the individual level than at the group level. Hence, the individual SMCKI Phase One 

aims to elicit the best quality ideas at the individual level, which may solve the problems of the 

social convention during group idea generation. With the better-quality ideas generated at the 

individual level, groups could collaborate to share an abundance of good quality ideas, which 

will lead to better performance (Nijstad & Stroebe, 2006). Therefore, when the participants 

synergise their ideas during the SMCKI Phase Two intra-group synergy, the effect could 

embrace the benefits of idea generation at the individual level and the group level. In other 

words, the SMCKI Phase Two aims at synergising all ideas shared by individuals at the group 

level to rise above one that represents the group's highest quality idea. Examining the quality 

of the generated group ideas from this study could contribute to the recommendation to 

investigate if many generated ideas will eventually lead to the implementation of higher quality 

ideas (Nijstad & Stroebe, 2006). 

 

2.2.2 Peer critique in CSCL  

 Laurillard (2013) deemed that intergroup rating can act as a valuable form of 

collaboration. Peer rating, peer feedback, or peer assessment in the CSCL environment refers 

to how students learn by assessing and rating each other’s work (Miao & Koper, 2007; Wadhwa, 

2003). This thesis will use these terms interchangeably with the term peer critique in the 

SMCKI script Phase Three inter-group peer critique.  

Past research studies have advocated that peer critique enhanced students’ sense of 

judgment, objectivity and eventually developed independent thinking (Akanmu, 2016; 

Divaharan & Atputhasamy, 2009). When students engage in peer critique, they develop critical 

thinking and improve their communication skills (Miao & Koper, 2007), leading to an increase 

in motivation and overall learning (Boud, Cohen & Sampson, 2014; Pope, 2001).  Through the 

informative feedback with suggestions given, students are supported with developing their 
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cognitive skills and collaboration skills (Strijbos, Ochoa, Sluijsmans, Segers & Tillema, 2009). 

This process contributes to the cognitive development of the group giving feedback and other 

group’s performance as well. In essence, the learning opportunity afforded by meanings 

negotiation among peers is enhanced by the availability of expert knowledge (Katz & Lesgold, 

1993). In this study, the expert knowledge came in the form of the class-wide inter-group peer 

critique. 

Peer critique helps students develop metacognition, which would raise their level of 

confidence and understanding of the subject matter involved (Akanmu, 2016). It enhances and 

develops social metacognition at the individual and the group level. Social metacognition refers 

to thoughts about social thoughts (Briñol & DeMarree, 2012). It plays a vital role in 

collaborative learning settings (Chan, 2012), where social interactions occur (Michaelian, 

2012). In a collaborative learning environment, social interactions enhance metacognition 

(Frith, 2012). Productive social interactions lead to social metacognition. When the social 

interaction between group members in CSCL environments is well simulated, the social 

construction of knowledge and competency-based learning occurs (Kreijns, Kirschner & 

Jochems, 2003). Social interactions, such as agreements, disagreements, and questions, when 

happened in close proximity, can increase the likelihood of correct new ideas (Chen, Chiu & 

Wang, 2012). Research studies involving such interactions in the CSCL environment include 

one recent study incorporating a peer critique phase within a scripted CSCL scenario. Their 

study aimed to support and encourage social interactions by leveraging peer comments to 

improve the team product (Michailidis, Kapravelos & Tsiatsos, 2018). 

Similarly, the SMCKI script used in this study situates the inter-group peer critique 

phase (Phase Three) between two intra-group phases (Phase two and Phase Four). This 

sequence encourages social interactions beginning at the within-group level, then the inter-

group and back to the within-group. Phase Three lies in between both intra-group phases, where 
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the inter-group members were given the opportunity to comment on the TEL lesson design of 

the other groups. The peer comments made by the inter-group members during Phase Three 

help other group members with further improvement at Phase four.  

To be meta-cognitively aware of one’s capabilities to influence members within-group 

and beyond, the procedure in giving feedback to support the critique process is crucial (Briñol 

& DeMarree, 2012). In this study, this opportunity was situated at Phase Three. Another factor 

for productive inter-group peer critique is individual accountability (Villasclaras-Fernández et 

al., 2009). When working within a group or among groups, the tension to ensure accountability 

is unavoidable (Pope, 2001). Hence, Weinberger et al. (2013) suggested that inter-group 

critique roles be installed to help distribute cognitive load and manage the spread of individual 

contributions during the peer rating phase. This management can be better facilitated through 

collaboration scripts where the activities are organized in scripted phases, which is helpful, 

especially for big classes. In this study, the participants were tasked to critique at least one 

other group. Since the number of groups in this study is not large, the participants were given 

the freedom to select the group(s) to critique. Group members within-groups were encouraged 

to select different groups to critique as well. The intention is to create diverse perspectives 

during the peer critique process. 

In addition to scripting, using technology to facilitate the process of peer feedback is 

another avenue commonly used (Tinapple, Olson & Sadauskas, 2013). Understanding 

technology affordances is vital as selecting a suitable technological platform is critical in 

influencing an effective CSCL process. The following section elaborates on the affordances of 

technology for the facility used in this study. 
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2.2.3 Affordances of technology for Collaborative Learning 

The notion of affordances was first proposed by Gibson (1977). It was later elaborated 

in different fields such as ecological psychology, neuroscience, and Human-Computer 

Interaction, etc. (Gibson, 1977). Gibson (1977) defined the affordances of an environment as 

what it offers, what it provides or furnishes, either for good or ill. Affordances are the 

relationships that exist naturally and “do not have to be visible, known, or desirable” (Norman, 

1999, p. 38). To be informed by the affordances specifically mean that one must 1) recognize 

the limitations of the technology tool, 2) understand how pedagogy design attempts to leverage 

unique opportunities provided by the technology, 3) not replicate support for learning that 

could be done through other means, and 4) attempt to force the technology to be something for 

which it is not well suited (Suthers, 2006b). Affordances of learning technologies are essential 

to understand how best to support learning at deeper levels (NASEM, 2018). 

In a CSCL environment, technology affordances should encompass the properties of 

social affordances. These properties, which act as social-contextual facilitators, are relevant to 

the participants’ social interactions (Kreijns & Kirschner, 2001). An example of social 

affordance in a technological platform could be the expression of approval using a “like” button 

(Trepte, Scharkow & Dienlin, 2020). Another form of social affordances catering to the CSCL 

environment would be designing social-contextual facilitators to help initiate and sustain the 

participants’ social interactions (Boyle & Cook, 2004). This concept of affordances can provide 

tools that are helpful for user-centred analyses of technologies to avert the fundamental tension 

between tasks and technologies (Kreijn & Kirschner, 2001) 

The emergence of the Web 2.0 tools such as Twitter, Facebook, Wikis and Google Docs 

have enabled the facilitation of CSCL with ease (Chu & Kennedy, 2011). While many free 

online collaborative tools are available, the technology platform must provide facilities for 

exchanging thoughts online without any restrictions in time or place (Chu & Kennedy, 2011). 
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Many tools can be used to support CSCL. These tools (e.g., Lino, Padlet, and mind mapping 

tools such as MindMeister) possess features that provide clear visualisation of information 

(Wen, 2019). Visualisation enhances learning and effectively supports the understanding of 

subject matter, facilitates deep learning, and helps individuals see beyond the presented 

information (Klerkx, Verbert & Duval, 2014). Since the TEL lesson design is regarded as 

complex content, identifying a suitable tool to help the participants envisage the complex 

relationship between content, pedagogy, and technology is vital. However, selecting a suitable 

tool is not an easy process. Although mind mapping tools possess robust visualisation features, 

promote creative thinking and encourage brainstorming, they are limited in dealing with more 

complex relationships (Davies, 2011). Therefore, leveraging the concept of affordances can 

ease the process of selecting a suitable tool that averts the fundamental tension between tasks 

and technologies (Kreijn & Kirschner, 2001). In this aspect, Jeong et al. (2016) identified a set 

of technology affordances that helped support an effective collaborative environment. Table 

2.2.3a lists the seven affordances of CSCL and associated factors (Jeong et al., 2016).  
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Table 2.2.3a.  

Seven affordances of CSCL and associated factors (extracted from Jeong et al., 2016). 

Affordances Definition Factors 

1. Collaborative 

Task 

Able to provide 

engagement in the 

collaborative task 

 

Factors for group worthy CSCL tasks: 

- meaningful with complexity 

within the zone of proximal 

development of learners 

- able to take different perspectives 

- integration between technology 

contexts and learning goals 

2. Communication Able to accommodate 

online communication 

 

Factors for CSCL communication 

should support: 

- distributed communication 

- asynchronous and synchronous 

communication 

- coordination of group product 

- F2F, online, seamless transition 

between both 

3. Resources Supporting different 

forms of resource sharing 

Factors governing the sharing of 

resources by individual members: 

- the abundance of storage space 

- ease of accessing the space 

- ease of sharing and exchanging 

- guidelines on what to share 

4. Structuring 

Collaborative 

Learning 

Processes 

Supporting multiple 

users for Collaborative 

Learning Processes 

 

Factors to help learners engage in 

effective collaborative learning: 

- Scripts to direct social processes 

for maximum engagement 

- Scripts to facilitate knowledge 

construction/improvement 

- space for failure 
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Affordances Definition Factors 

- technology that can support the 

learning context 

- technology that can support the 

structuring of the CSCL 

environment 

- analytics that provide adaptive 

support 

5. Facilitating Co-

Construction 

Supporting multiple 

users for facilitating 

Co-Construction 

 

Factors for an environment that 

supports co-construction: 

- knowledge convergence 

- advance shared understanding 

- construct new ideas 

- intersubjective meaning-making 

6. Monitoring and 

regulation 

Allowing facilitator’s 

Monitoring and 

regulation 

 

Factors to support learners to become 

an agent of the monitoring and 

regulation: 

- Self-regulation 

- Co-regulation 

- Shared regulation 

7. Forming and 

Building 

Groups and 

Communities 

Transparent in ideas 

population which provide 

an environment for 

forming and building 

groups and communities 

Factors influencing groups: 

- complementary level of 

competence 

- gender 

- prior relationships 

 

 

As shown in Table 2.2.3a, each affordance addresses particular kinds of functional needs, 

or challenges learners experience in collaborative settings (Jeong et al., 2016). These 

affordances offered essential perspectives into the consideration of a CSCL environment. Apart 

from these considerations, technological tools claimed to be designed according to a 

collaborative-oriented approach typically offered simple communication tools. Examples of 
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such are web forums, chats, a mail-list, which have very limited features to facilitate 

collaborative learning activities and provided only weak support for CSCL (Calvani, Fini, 

Pettenati, Sarti & Masseti, 2006). Technological tools are commonly designed with certain 

affordances. When the tools are designed in the context of the specific tasks and circumstances, 

they can be referred to as representational tools (Wen, 2019). Such technology tools focus on 

creating and sharing externalizations (Kolloffel, Eysink & de Jong, 2011). Regardless of the 

tools, team members should leverage the tools to build knowledge collaboratively. This 

collaborative knowledge construction can be done by creating a knowledge artifact through a 

social process or externalising their thoughts (Collins & Deek, 2014).  

Findings from past research studies have shown that many technological tools have been 

increasingly used to support active and collaborative learning in the classroom environment 

(Kolloffel, Eysink & de Jong, 2011; Wen, 2019). The most common examples of sharing 

thinking processes are brainstorming tools (e.g., Lino, Padlet), concept, or mind mapping tools 

(Wen, 2019). The collaborative groups can use such tools to create and share externalisations 

in their specific ways as instructed by the teacher (Wen, 2019). In essence, the participants 

could use these technological tools to construct artifacts depicting their knowledge in a 

persistent visual medium, inspectable by all the other participants (Suthers & Hundhausen, 

2003). Recent studies revealed that leveraging technology benefitted collaborative problem-

solving tasks (Gu & Cai, 2019; Wen, 2019). These technological tools provided specific 

features together with an analysis of the meanings constructed within the emergent practice 

(Stahl et al., 2006).  The functions of such tools facilitated the exchange of knowledge in the 

shared context where some of that knowledge could be made more salient (Suthers & 

Hundhausen, 2003).  

Calvani, Fini, Pettenati, Sarti and Masseti (2006) analysed three specific tools, namely, 

Knowledge Forum, Synergeia and FLE3, based on their affordances for CSCL.  These tools 
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shared common affordances. These affordances include 1) shared repositories, 2) knowledge 

construction environments, 3) the possibility to describe the types of contributions being made, 

4) representing the knowledge construction processes and 5) shared calendars supporting group 

and individual working management (Calvani, Fini, Pettenati, Sarti & Masseti, 2006). In a 

nutshell, a robust CSCL system should possess social interactional functions and include 

features for mediation and encourage acts of intersubjective meaning-making (Suthers, 2006b). 

Technology that supports CSCL includes representational tools. Research studies on 

using such tools to support collaborative activities started two decades ago (Jeong, Hmelo-

Silver & Jo, 2019; Kim, 1999). One example is the gStudy software tool. This tool is designed 

to help learners manage cognitive load so they can re-assign cognitive resources to self-, co-, 

and shared regulation for collaborative learning (Hadwin, Nesbit, Jamieson-Noel, Code & 

Winne, 2007; Veenman, Bavelaar, De Wolf & Van Haaren, 2014; Winne, Hadwin & Gress, 

2010). Other examples include the Knowledge Integration Environment, which combines 

network resources and software with pedagogical principles to improve science learning (Bell, 

Davis & Linn, 1995). The GroupScribbles (GS) system enables students and teachers to share 

and organize ideas through virtual sticky notes, which can be posted and moved in private 

small-group as well as full-classroom display spaces (Roschelle et al., 2011; Chen, Looi, & 

Tan, 2012). Further, the CritViz is an online framework created to manage the process of 

supporting students with real-time peer critique in large creative classrooms (Tinapple, Olson 

& Sadauskas, 2013). With all these available tools, selecting a technological platform that 

integrates well with the learning goals and aligns with the pedagogical approaches of the class 

session (Jeong et al., 2016) is vital. One essential consideration in selecting the appropriate 

technology tool in this study is the availability of an individual ideation workspace (SMCKI 

Phase One) and a dedicated inter-group peer critique phase (SMCKI Phase Three). Using 

technology to support idea generation is not new. The study by Wang, Rose, Cui, Chang and 
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Huang (2007) used the VIBRANT tool for idea generation in the problem-solving approach in 

science education. Another CSCL technology, GroupScribbles, enabled the collaborative 

collection, generation and aggregation of ideas through a shared workspace (Chen, Looi & Tan, 

2010). Moreover, the CritViz was specifically designed for large class peer critique. Although 

reports from these studies showed positive results leveraging these tools, the inability to access 

these tools for use was one essential factor that these tools were not selected for this study. 

Supporting SMCKI Phase Three inter-group critique is an important aspect of this study. 

Each group must have access to another group’s TEL lesson design easily and quickly for this 

phase. In addition, each critique must be tagged to its original content source. Technically, 

some commercialise collaborative tools such as Google docs and Google slides, Padlet, and 

Lino could offer such functionalities. However, the system that supports CSCL is not solely 

about the shared workings space of the collaboration but also includes managing the 

collaborative learning process. Since the SMCKI Phase Three inter-group critique is a class-

wide activity, it is best activated when all the groups had completed their Phase Two group 

synergy work. Ensuring that all the participants have completed their synergised TEL lesson 

design before the inter-group peer critique commence is vital in observing the fidelity of the 

phases. During the peer critique process, it is also preferred that groups are fully dedicated to 

the peer critique and not dwell within their group workspace. 

Commercialised platforms often do not possess functionalities to restrict access unless 

the facilitator intentionally manipulates them. In a CSCL environment, managing the 

collaborative learning phases of each group is a difficult task. Therefore, the collaborative 

learning system would preferably possess the features for collaborators to reflect upon their 

actions, monitor the state of interactions (metacognitive tools), and model interactions by 

providing collaborators with visualisations of all existing interactions for self-diagnosis 

(Jermann, Soller & Muehlenbrock, 2001). Specifically, the ease in manipulating each SMCKI 
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phase was one critical consideration in this study. Another feature to consider was the wide 

range of collaborative workspaces for the participants to easily access the TEL design artifacts 

generated at each phase of SMCKI. In addition, the system would need to support the 

interactions among the participants’ artifacts. Most online platforms developed over the years 

“do not support certain social factors that should be used to facilitate social interaction among 

learners” (Shawky et al., 2014, p 638). In some of these online platforms, factors such as 

managing time and division of tasks are commonly among the most neglected issues (Shawky 

et al., 2014). However, these issues can be resolved simply by implementing scripts within the 

CSCL environment (Weinberger, Ertl, Fischer & Mandl, 2005). By embedding a collaboration 

script into the online system, the collaborative phases can be made explicit to both the facilitator 

and the participants, and collaborative knowledge improvement during the CSCL process can 

be enhanced. However, platforms with a collaboration script embedded are rare, more so if 

embedded with the SMCKI script. The AppleTree system is the only platform that was 

designed to incorporate the SMCKI collaboration script. In the AppleTree system, the social 

participation and the cognitive aspects are supported via the SMCKI script embedded within 

the system (Chen et al., 2019). When a collaboration script is embedded in an online platform, 

it could also support the flow of activities and help students engage in productive and effective 

collaboration (Tissenbau & Slotta, 2019). In addition, it could also help students interpret the 

visual feedback and make appropriate decisions to improve group collaboration (Han, Kim, 

Rhee & Cho, 2020).  

Since the AppleTree system was developed to enable the design, implementation, and 

regulation of collaborative learning (Chen et al., 2013), it possesses the features to 1) establish 

unlimited collaborative tasks; 2) allow for sharing of resources to facilitate interactions for 

knowledge co-construction, and 3) provide collaborators with a workspace to visualise and 

reflect upon their work through a graph-based collaborative workspace. Preliminary studies 
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associated with the AppleTree system yielded promising results from both the process of 

collaboration and learning outcomes (Chen, Looi, Wen & Xie, 2013). This AppleTree system 

could offer the required affordances for the designed task and the CSCL process of this study. 

Hence, it was deemed suitable for employment in this study. The following describes how this 

technological environment incorporates the SMCKI script to ease the management and 

facilitation of the SMCKI script. 

The AppleTree system is a technology that incorporates the SMCKI macro-script. 

AppleTree is an abbreviation for Assessing Processes and Products for LEarning (APPLE) by 

Tracking and Reporting Efficacy and Effectiveness (TREE). It is a web-based collaborative 

learning platform developed by Associate Professor Chen Wenli’s research team at the 

National Institute of Education (NIE), Nanyang Technological University (NTU), Singapore. 

Informed by the SMCKI script, the AppleTree system possesses discrete phases governed by 

switches to move from one learning phase to another phase. There are four switches that 

correspond to the five SMCKI phases. These four switches are 1) Ideation & Synergy (SMCKI 

Phase One with Phase Two), 2) Peer critique (SMCKI Phase Three), 3) Refinement (SMCKI 

Phase Four), and 4) Achievement (SMCKI Phase Five). These phase switches are built into the 

AppleTree system to help the facilitator manage the collaborative learning phases more 

effectively when the participants switch from one SMCKI phase to the next.  

The SMCKI Phase One and two are embedded into one single phase in AppleTree 

Ideation & Synergy. This design provides the flexible implementation of the SMCKI phase 

one and Phase Two. In essence, groups that have completed Phase One could move 

immediately to Phase Two intra-group synergy regardless of the progress of the other groups. 

This flexibility allows different knowledge level groups to advance at their own pace during 

the SMCKI Phase One and Phase Two without the hard-control option from the AppleTree 
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system switches. Figure 2.2.3a shows the drop-down box indicating the switches of the SMCKI 

script. 

 

 

Figure 2.2.3a. The AppleTree system Home Page  

 

During the Ideation & Synergy phase, the participants could populate their ideas within 

the graph-based workspace of the AppleTree system. There are three different types of bubbles 

where the participants could use for their idea population. The three types are bubbles are claim, 

evidence and idea. There is no rule that restricts how these bubbles are used in the AppleTree 

system. There is also no limit to the number of bubbles that can be created within one graph-

based workspace of the AppleTree system.  

In this study, the different types of bubbles in the AppleTree system were used to 

represent the different types of content (components) of the TEL lesson design for easy 

visualisation. Specifically, the claim bubble was used to represent the lesson objective, which 

forms the root node of the TEL lesson design. The idea bubble was used for the technology 

associated with the TEL lesson design. Figure 2.2.3b shows the interface of the AppleTree 

graph-based workspace for the creation of the claim and idea bubble. The operation to create 
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these two types of bubbles is intuitive. By double-clicking on the graph-based workspace, the 

window shown in Figure 2.2.3b will appear for the participants to select the type of bubble to 

create. Once the type of bubble is selected, the text box will allow for the entry of text.   

 

Figure 2.2.3b. The AppleTree system graph-based workspace (Claim and Idea bubbles)  

 

Once the claim bubble was created, the participants will create the evidence bubble to 

associate the lesson procedures to the lesson objectives. As shown in Figure 2.2.3c, the 

Evidence window would appear when the participant clicked on the paper-clip icon at the top 

leftmost position above the claim bubble upon right-clicked on the claim bubble. This study 

adapted the affordance of the AppleTree system for TEL lesson design. The type of linkage of 

the evidence bubble (evidence for, evidence against and neutral evidence) to the claim bubble 

has no implications in its meaning for the three types of evidence, as shown in Figure 2.2.3c. 

The participants were told to use the “evidence for” button to indicate the steps of the lesson 

procedures. 
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Figure 2.2.3c. The AppleTree system graph-based workspace (Evidence bubbles)  

 

Before the AppleTree session, the participants were instructed to construct the TEL 

lesson design demonstrating the lesson procedures in a tree structure. This process can be done 

by connecting the lesson objective bubble (claim bubble) and the lesson procedure bubble 

(evidence) using the automatic arrows. The main lesson procedures in the evidence bubble 

were delineated succinctly in point form. These procedures should relate to how the teaching 

or learning strategy enables learners to reach the lesson objectives via a technology-enhanced 

learning approach. The idea bubble can be placed next to any lesson procedures to show the 

relationship between the lesson procedures and the employed technology. This visual 

representation aimed to help the participants visualised the designed TEL lesson more vividly.  

The participants can create as many bubbles as required within the stipulated duration 

of the task. For every created bubble, the participant’s name would be automatically tagged by 

the AppleTree system for identification purposes. Any members within the group of the same 

graph-based workspace can view and edit any of the bubbles. The historical edits with the name 

of the member who edits would be captured automatically by the system.  
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The next phase after the Ideation & Synergy phase is the Peer critique phase. In the 

Peer critique phase of the AppleTree system, an automatic drop-down box (Figure 3.4c) will 

appear. This drop-down box would list all the available groups assigned to that activity for the 

participants to select from and provide their peer critique. This feature helps to smoothen the 

process when the participants switch from one group to another. It also ensures no runaway 

groups as they are visually present to all other groups to prevent missed out during the peer 

critique phase. Another feature of the AppleTree system in the Peer critique phase is the 

restrictive access to the critique group’s graph-based workspace during the peer critique 

duration. During the Peer critique duration, the participants could only view the other groups' 

graph-based workspaces but not their own. This feature helps protect the peer critique duration, 

ensuring that the time given would be fully dedicated to reviewing other groups' work and 

providing constructive feedback.  

Figure 2.2.3d shows the Peer Critique window. The participants could click on any of 

the bubbles to provide peer comments. Upon clicking on the bubble, a window would be 

displayed for the participants to provide their comments. 

 

Figure 2.2.3d. The AppleTree system Peer Critique window  
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The intuitive critique window would prompt the participants to indicate their opinion. 

There are three opinions buttons represented by three emoticons, which the participants could 

choose from. The emoticons are “Smiling face”, which represents an Agreement, “Neutral 

face”, which represents a neutral opinion and “Sad face”, which represents a Disagreement. 

After selecting the opinion (emoticons), the “Explain why” text box with mandatory text entry 

prompts the participants to elaborate the reason for their opinion. This comment box with the 

text “Explain why” at the top helps elicit constructive and elaborated feedback. There is no 

limit to the number of comments each bubble can receive. Within the given time for the peer 

critique phase, the participants could access any groups to contribute their feedback. Since peer 

feedback can help students improve their designs (Linn, Bell & Davis, 2004), it is important to 

provide concise opinions and detailed elaborations during the peer critique process. 

Once the Peer critique phase is switched to the Refinement phase, the participants 

would be routed back to their group page to view the critiques given by the members of other 

groups. One feature of the AppleTree system is anonymity feedback. Therefore, the name of 

the critic would be hidden from the viewers of the peer comments. Given that peer critiques 

were often not objective and possessed cognitive bias (Phielix et al., 2011), the anonymity peer 

critique intended to reduce such issues and promote objective peer comments. This feature is 

made known to the participants before the commencement of the AppleTree session. During 

this phase, the participants would be tasked to critically analyse the peer comments and refine 

their group product accordingly. In order for the teacher to easily assess the participant's 

performance, the name information is available from the teacher’s view.  

The final phase of the AppleTree system is the Achievement phase. This phase allows 

the participants to submit their individual work to the teacher independent of the group 

members. Upon switching to this phase, the teacher could monitor each student's submissions 

in the class, provide feedback, request resubmission, or accept the student's work with no 
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further action needed. There is no limit to the number of feedback or re-submission requests to 

each student.  

In all, the AppleTree system is flexible in its implementation as there is no mandatory 

rule that all the phases must be applied in one activity (task). The teacher can decide which 

phase to end the collaborative learning process. Therefore, this technological environment was 

adopted as the tool for the CSCL task in this study. Although this study focused on 

demonstrating the process and outcome of group idea development at the group level, the 

participants completed the Achievement phase. However, data collection concluded at the 

Refinement phase.  

 

2.2.4 CSCL Challenges 

One area of CSCL research is concerned with how computers can mediate 

communications to enhance the social and cognition aspects of individuals, groups, classrooms, 

and communities (Stahl & Hakkarainen, 2020). As McKeown, Hmelo-Silver, Jeong, et al. 

(2017) reviewed, the 122 individual studies reported that, on average, CSCL on small-group 

learning has more positive effects than individual learning. Although students are reportedly 

enjoying integrating social network practices in the classroom (Lahuerta-Otero et al., 2018), 

they rarely achieve the building of deep knowledge during CSCL (Stahl, 2003). This 

phenomenon shows that computers could support the collaborative learning process but not 

necessarily produce positive outcomes (McKeown et al., 2017). Issues with CSCL are still 

hindering the productive collaborative learning processes and outcomes (Popov, Biemans, 

Brinkman, Kuznetsov & Mulder, 2013). 

CSCL has the following issues. Firstly, dysfunctional group activity was known to 

devalue the associated benefits of CSCL (Soller, 2001). Secondly, negative experiences such 

as 1) the lack of group commitment, 2) group fractionation (severe interactional and 
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communicative difficulties within a group), 3) task disorganization, and 4) uncoordinated 

storming (communications among group members) commonly occur during collaborative 

learning (Pauli, Mohiyeddini, Bray, Michie & Street, 2008). Thirdly, some collaborative 

groups were found to be struggling with maintaining a balance of participation, leadership, 

understanding, and encouragement (Soller, 2001). Finally, the presence of “silent participants” 

could arise from a consequence of multiple factors, one of which is the culture (Remedios, 

Clarke & Hawthorne, 2008). Research findings have shown that students in Asian countries 

either do not know how to collaborate or resist collaboration (Tham & Tham, 2013). In some 

CSCL settings, the attempt to maintain group solidarity and harmony by ceding individual 

thoughts and perceptions (McBride et al., 2002) were found, leading to unproductive 

collaboration.  

Experts in the field of CSCL research have advocated that the use of CSCL systems 

“favour group learning and teaching processes” (Costaguta et al., 2019, p. 159). Therefore, 

leveraging technology as the primary communication medium should enable students to engage 

constructively during collaboration. This CSCL setting could provide the means to elicit and 

facilitate the different phases of processes needed for the students to achieve deep 

understandings of the learning domain (Jeong, Hmelo-Silver & Jo, 2019). For effective CSCL 

to occur, students should discuss and solve cases, confront their ideas with their peers, reflect 

on their differences in perspectives, or modify their respective initial points of view 

(Weinberger, Fischer, & Mandl, 2002). However, such a phenomenon is rare (Nussbaum, 

Alvarez, McFarlane, Gomez, Claro & Radovic, 2009). Students often fail to interact 

productively in groups (Järvelä, Kirschner, Hadwin, Järvenoja, Malmberg, Kollar, et al., 2015). 

The social interaction among group members does not automatically take place even with a 

robust CSCL tool (Kreijns, Kirschner, & Jochems, 2003). Therefore, the following section 

elaborates on how a collaboration script can further support a CSCL scenario to improve 
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collaborative learning and achieve productive processes and outcomes on group idea 

development. 

 

2.3 Collaboration Scripts 

This study built upon the findings from past research studies that collaboration scripts 

helped support effective collaborative learning (Kobbe, Weinberger, Dillenbourg, Harrer, 

Hämäläinen, Häkkinen & Fischer, 2007; Kollar, Fischer & Hesse, 2006). Although scripting 

CSCL has been shown to enhance learning, “what makes some CSCL scripts particularly 

effective for learning is still a conundrum” (Radkowitsch, Vogel & Fischer, 2020, p. 5). 

Collaboration scripts, or computer-supported collaboration scripts, aims to facilitate the 

social and cognitive processes of the CSCL processes by shaping how learners should interact 

with each other (Kobbe et al., 2007). A script can be described as a detailed and explicit didactic 

contract between the teacher and the groups of students regarding their mode of collaboration 

(Dillenbourg, 2004). This contract between the teacher and the learners may be conveyed 

through initial instructions encompassed in the CSCL environment (Dillenbourg, 2002). In 

other words, the function of collaboration scripts helps to establish the interaction pattern 

between the teacher and the student (Tchounikine, 2016). As observed by Rummel, Spada and 

Hauser (2009), collaboration scripts have become popular in CSCL research in view of the 

positive results with scripted interactions than unscripted ones. 

According to Kollar, Fischer and Hesse (2006), the use of a collaboration script to 

support collaboration through structuring the interactive processes began as early as the 1900s. 

Over the years, several literature reviews recommended using CSCL scripts to support effective 

collaborative processes (Hämäläinen, 2008; Mille & Hadwin, 2015). Fischer, Kollar, Stegmann 

and Wecker (2013) reckoned that the more a CSCL practice differs from traditional teaching 

and learning experiences, the more difficult it may be for the participants to collaborate 
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efficiently. Therefore, when a collaboration script is employed in a CSCL environment, it could 

help set the stage for interactions to take place more effectively through the regulation on how 

the participants should collaborate and solve the problem (Dillenbourg, Järvelä & Fischer, 

2009). In other words, by leveraging collaboration scripts, the participants can be engaged in 

smoother collaboration processes through the afforded practices to reach the specific task or 

the goals of the learning objectives (Kollar, Fischer & Hesse, 2006). 

Scripts emerge not just for interaction and collaboration but also in managing how these 

processes can aid in higher-level cognitive processing (Fischer, Kollar, Mandl & Haake, 2007). 

Several studies reported that scripting collaborative learning for complex tasks significantly 

enhanced learning outcomes' quality (Hummel, Van Houcke, Nadolski, Van der Hiele, 

Kurvers, & Löhr, 2011; Jeong, Hmelo-Silver & Jo, 2019; Wang, Kollar & Stegmann, 2017). 

Scripts can be regarded as an external representation of knowledge that complements the 

knowledge system that is distributed among the collaborating participants and the environment 

(Weinberger, 2011). In this regard, it was revealed that scripting a CSCL improved knowledge 

construction (Schellens, Van Keer, De Wever & Valcke, 2007). When collaborators interact as 

suggested by the script, they acquire more knowledge from collaborative learning tasks than 

those who collaborate in an unscripted environment, who lack guidance and support in their 

CSCL environment (Weinberger, Ertl, Fischer & Mandl, 2005). 

Designing collaboration scripts is not easy. The notion of intrinsic and extrinsic 

constraints by Dillenbourg and Tchounikine (2007) offered guidelines in the design of 

collaboration scripts. Intrinsic constraint refers to the rationale of the designed script, which is 

the core mechanism of the script that governs the collaborative learning process and is not 

modifiable on the fly. Extrinsic constraints are the external factors such as the collaborative 

learning environment, technological platforms or tools chosen to enable effective collaboration 

(Dillenbourg & Tchounikine, 2007). The design rationale of the collaboration script is what 
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constitutes the important factor that directs the managing of script flexibility, particularly for 

dissociating intrinsic and extrinsic constraints (Tchounikine, 2016).  

Fundamentally, CSCL scripts aim to scaffold and improve collaboration by structuring 

the interactive processes between a minimum of two or more learning partners (Kollar, Fischer 

& Hesse, 2006). Therefore, scripts should not be coercive (Wise & Schwarz, 2017). CSCL 

scripts offer both the social and cognitive supports to foster productive interaction among the 

collaborative participants to reach the common goal (Dillenbourg, Järvelä & Fischer, 2009; 

Kollar, Fischer & Hesse, 2006; Kopp & Mandl, 2011; Vogel, Wecker, Kollar & Fischer, 2017). 

CSCL scripts need to provide the individuals with specific knowledge about how to function 

and the course of action to take (Kollar et al., 2006). In addition, scripts support learners’ 

activities and content-related help in applying domain-specific knowledge, amplifying each 

other’s effectiveness (Vogel et al., 2017).  

Scripting a CSCL environment focuses on influencing the collaborative learning 

process with the intention to achieve positive performance outcomes. When students are 

engaged in the collaborative learning activities structured by a CSCL script, how they 

appropriate the script is important. As a general definition, appropriation can be referred to as 

“the process by which students perceive, understand and make the script theirs” (Tchounikine, 

2016, p. 354). How students appropriate and enact the script are related not just by their 

cognitive responses but also by technological support. A scripted technological environment 

can support collaborating groups to produce outstanding achievements in collaborative tasks 

(Schwarz et al., 2018). When the script process is embedded with technologies, the script 

should provide support just as effectively as it would run independently without technology 

(Tchounikine, 2016). Hence, when technological characteristics such as collaboration scripts 

are made available, it would help facilitate the process of problem-solving or the process of 

collaboration (Janssen & Kirschner, 2020).  
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In the following sub-sections, two aspects of collaboration scripts will be elaborated: 

the internal and external scripts versus the macro and micro scripts. The macro script will be 

detailed, specifically in its technological functions in relation to this study. Following this 

section will be the concept of rapid collaborative knowledge improvement that leads to the 

explication of the macro script used in this study. 

 

2.3.1 Internal and External scripts 

In the script theory of guidance for CSCL, Fischer, Kollar, Stegmann and Wecker 

(2013) posited two main factors that guide the participants’ activities in the CSCL settings, 

namely, the internal and external collaboration scripts. Based on Kollar, Fischer and Slotta 

(2007), scripts are deemed external when they relate to the external orientation of the CSCL 

situation rather than the participants’ cognitive systems. On the other hand, internal scripts refer 

to learners’ prior collaboration skills (Fischer, Stegmann & Wecker., 2013). While external 

scripts support specific interaction patterns to facilitate collaborative learning (Weinberger et 

al., 2007), internal scripts describe individuals' generalized knowledge structures, which guide 

their understanding of and actions in a specific class of situations (Kollar, Fischer & Slotta, 

2007). Both internal and external scripts are conceived of as distinct but mostly parallel in their 

structure (Fischer, Kollar, Stegmann & Wecker, 2013). 

The internal script within a participant helps one interact with an external script to 

correctly interpret the situation (Stegmann, Kollar, Weinberger & Fischer, 2016). However, 

internal scripts, which are deemed innate, cannot be manipulated in an authentic classroom 

setting (Weinberger et al., 2007). An external script helps augment a person’s capabilities 

within a specific task for which an internalization is not required (Carmien, Kollar, Fischer & 

Fischer, 2007). External scripts are typically designed to guide learners to engage in ideal, 

transactive interaction patterns (Stegmann, Kollar, Weinberger & Fischer, 2016).  
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The four components of internal and external scripts are play, scene, role, and scriptlet 

(Fischer, Kollar, Stegmann & Wecker, 2013). From the internal scripting perspective described 

by Fischer et al. (2013), each component describes the knowledge about collaborative 

practices. The play component includes knowledge of the sequence of scenes and the roles in 

which the participants are involved. The scene component includes knowledge about situations 

in a play. The role component constitutes knowledge on the part of the collaborative practice 

that the participant would contribute to, and the scriptlet components constitute knowledge of 

the sequences of activities within that particular scene. On the contrary, the four components 

from the external scripting perspective target the scaffolding and facilitating effects during the 

collaborative learning process. According to the script theory of guidance (Fischer, Kollar, 

Stegmann & Wecker, 2013), the four external script components differ from the internal script 

based on their cognitive target level. The play component constitutes scaffolds, such as prompts 

that aim at influencing the highest level of an internal collaboration script configuration of the 

participant. The scene component targets scenes known by the individuals by guiding them 

into acting comprehensively. The role component targets the application of the specific roles 

assigned to the participating learners. The scriptlet component aims to prompt learners to apply 

the available scriptlets needed to engage effectively in a scene. In essence, this theory 

encompassing the four components operating from high to a low level emphasizes the 

importance of an optimal external script to support the learners’ internal script (Wang & Mu, 

2017). 

While well-designed scripts can support collaborators to engage in meaningful 

interactions to bring forth effective CSCL scenarios, the danger in designing well-defined 

scripts is the risk of over-scripting collaboration (Häkkinen & Mäkitalo-Siegl, 2007). When 

scripts lack flexibility, they may fall into the dangers of over-scripting. Over-scripting is not 

just about offering too much support. It happens when a high degree of coercion might interfere 
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with the students’ cognitive processes (Dillenbourg, 2002). Over-scripting arises when the 

external collaboration script hinders the internal script (Fischer, Kollar, Stegmann & Wecker, 

2013) such that it hampers knowledge improvement. This scenario could occur when the script 

targets at an inappropriate level, constraining the learner’s autonomy and motivation to 

collaborate (Dillenbourg, 2002; Fischer, Kollar, Stegmann & Wecker, 2013). Therefore, it is 

important to consider certain constraints when designing scripts to avoid over-scripting while 

respecting the benefits underlying the script (Dillenbourg & Tchounikine, 2007). In essence, a 

script does not exist in isolation as a mere element of instruction; however, it establishes 

interactions between the actors (teachers and learners, learners and learners) throughout the 

collaborative learning process (Tchounikine, 2016).  

Carmien, Kollar, Fischer and Fischer (2007) assumed that an optimal fit between 

internal and external scripts might be reached by a gradual shift of external scripts to internal 

scripts, signifying internalization over time. Just as Fischer et al. (2013) deemed that external 

collaboration scripts should gradually be faded out to facilitate the development of internal 

collaboration scripts. The concept of fading, as suggested by Pea (2004), is necessary for 

scaffolds. Otherwise, this external support would be regarded as aides, where fading is not 

required. Although the fading of external collaboration scripts might be an interesting topic for 

research (Fischer, Kollar, Stegmann & Wecker, 2013), fading and internal scripts are not the 

focus of this study. Therefore, there will be no in-depth elaboration of these aspects in this 

thesis.  

Kollar, Fischer and Slotta (2007) observed that highly structured external CSCL scripts 

would support all learners, independent of their internal scripts. Since highly structured 

external scripts could overlie the internal scripts to bring about collaborative learning situations 

(Weinberger, Kollar, Dimitriadis, Mäkitalo-Siegl & Fischer, 2009), this study would focus on 

the external script as it is an area worth investigating given its prior effects on the internal 
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scripts. 

2.3.2 Macro and Micro scripts 

Macro-scripts refer to pedagogical models that model a sequence of activities that 

would be performed by groups (Dillenbourg & Hong, 2008). It is a pedagogical scenario 

requiring teachers’ intervention to run the sequence, whereby students are expected to be 

followed but not internalized (Dillenbourg, Prieto & Olsen, 2018). The activities managed in 

the macro-script may comprise individual phases, collaborative phases, and class-wide 

activities such as in a lecture, structured by explicit instructions and include a sequence of 

mandatory activities (Dillenbourg, Prieto & Olsen, 2018; Dillenbourg & Tchounikine, 2007). 

Hence, this study accords the macro-script as a form on an external script.  

According to Weinberger (2011), macro-scripts seek to sequence different learning 

arrangements such as intertwining classroom, individual and collaborative learning phases. 

Macro-scripts are known to enhance collaborative learning through managing activities and 

processes (Dillenbourg & Hong, 2008), and provide socio-cognitive and socio-emotional 

support (Näykki, Isohätälä, Järvelä, Pöysä-Tarhonen & Häkkinen, 2017). They aim to reduce 

process losses of coordination within a group and raise specific expectations and awareness of 

the specific learning sequences and arrangements (Weinberger, 2011). A macro-script is 

reckoned as a pedagogical model that targets producing desired interactions (Dillenbourg & 

Tchounikine, 2007). It takes upon a top-down and pedagogical approach to structure interaction 

through the orchestration of activities within the classroom and to support the teacher in 

implementing collaborative learning scenarios (Kobbe et al., 2007).  

A macro-script would comprise a sequence of mandatory activities structured by 

explicit instructions (Dillenbourg & Tchounikine, 2007), seeking to generate contributions at 

the individual and the group level to emanate the power of collaborative learning both socially 

and cognitively (Stahl, 2010). Hence, Tchounikine (2008) suggested that coupling macro-script 
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with technological settings could be one manner of operationalizing a macro-script. Past 

research studies that attempted this merger (e.g., DeACS, SPAIRD) showed positive results in 

supporting the CSCL activities (Tchounikine, 2008). Generally, optimizing the collaborative 

learning process at the small group level is challenging, even more so if it is at the class level. 

Changing collaborative processes within a CSCL setting is more complicated than changing 

individual processes (Jeong, Hmelo-Silver, & Jo, 2019). Designing the learning environment 

and organizing the learning process is important to achieve the intended learning outcomes 

(Law, Rose, Cress & Ludvigsen, 2018). Therefore, different pedagogical models or macro-

scripts have been developed in CSCL to support teachers and students in effective collaboration. 

Some of these models are: 1) the Communicative model of collaborative learning, which 

emphasizes the meaning-making, knowledge sharing and co-creation of knowledge during the 

collaborative learning process (Cecez-Kecmanovic & Webb, 2000); 2) the Online interaction 

learning model, which focuses on computer-mediated communication based on an input-

process-output model with feedback loops (Benbunan-Fich, Hiltz & Harasim, 2005); and 3) 

the Funnel Model (Chen, Wen, Looi, & Ooi, 2011) which encourages cognitive diversity for 

synergy of ideas, and consensus-seeking that leads to knowledge improvement of the 

individuals, groups and class. These models seek to enhance the process of collaborative 

learning and knowledge improvement.  

While the macro-script aims at supporting CSCL broadly through the activities and 

processes (Näykki, Isohätälä, Järvelä, Pöysä-Tarhonen & Häkkinen, 2017), micro-scripts refer 

to finer-grained scripts that follow a more psychological approach and emphasize the activities 

of individual learners (Dillenbourg & Tchounikine, 2007). Specifically, micro-scripts provide 

a higher degree of scaffolding with additional instructional support during the interaction 

process in facilitating tasks that exceed the learner’s current level of competence (Kollar et al., 

2006). Micro-script emphasizes individuals' activities and facilitates the participants to engage 
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in specific socio-cognitive processes when learning together (Kobbe et al., 2007). It describes 

the communication process that the participants are expected to engage in (Villasclaras-

Fernández, Isotani, Hayashi & Mizoguchi, 2009). For example, in an argumentative CSCL 

environment, micro-scripts are deemed dialogue models embedded in the learning environment 

whereby students are expected to adopt and progressively internalize (Dillenbourg & Hong, 

2008). They are based on a fine-grained decomposition of tasks and constrain interactions by 

prompting turn-taking or imposing an argumentation grammar (Dillenbourg & Tchounikine, 

2007). Such scripts can be used to describe the interaction process that students are expected 

to follow (Villasclaras-Fernández et al., 2009). They provide structure for productive 

interactions, for example, in offering instructional support for peer feedback (Dillenbourg, 

Järvelä & Fischer, 2009; Rosé, Ludvigsen, Law, Cress & Stahl, 2017); at the same time, support 

cognitive group awareness (Mende et al., 2017). Micro-scripts include scaffolds such as 

sentence starters, question prompts or descriptions (Häkkinen & Mäkitalo-Siegl, 2007). When 

they appear as prompts, they are seen as procedural and elaboration prompts (Kaendler, 

Wiedmann, Rummel, & Spada, 2015). A procedural prompt targets task completion and 

cognitive strategies. In contrast, an elaboration prompt enhances the providence of explanation 

and thinking aloud, that is, verbalising the individuals’ thoughts that occur during problem-

solving (Kaendler et al., 2015). These prompts are used for scaffolding the collaborative 

learning process.   

As stated by Dillenbourg and Jermann (2007), “Micro and macro-scripts do not 

constitute clear-cut categories but rather define a continuum” (p. 285). While the macro-scripts 

focus on influencing the process more indirectly, micro-scripts lean more toward a 

psychological, process-oriented perspective by scaffolding the interaction process through 

sentence starters, question prompts or descriptions (Häkkinen & Mäkitalo-Siegl, 2007). Hence, 

how students appropriate macro- and micro-scripts varies according to the nature of the scripts. 
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Micro-scripts allow low flexibility, whereas macro-scripts which are based on larger grained 

activities offer more flexibility (Dillenbourg & Tchounikine, 2007).  

Macro-scripts and micro-scripts are also considered avenues for supporting 

collaborative learning processes in a CSCL environment, and both these scripts require teachers’ 

intervention (Dillenbourg, Prieto & Olsen, 2018). The study by Onrubia and Engel (2012) 

revealed that collaborative knowledge construction among groups is related to the teacher’s 

management of the CSCL scenario via the macro-script. However, the usual focus of the 

collaborative learning process is commonly on the group level. There is a need to advance 

study when groups progress between collaborative work and the individual learning of their 

members and vice versa (Onrubia & Engel (2012). The usual collaborative learning would start 

with the group or end at the group or class level. Commencing with an individual phase to 

capitalize on individuals' prior knowledge for group idea improvement, followed by integrating 

a class-wide collaborative learning activity among groups, is uncommon. Research studies that 

discuss learning and the context of greater units like classes in which the collaborating groups 

are part of are still rare (Kirschner & Erkens, 2013). In addition, how members of one group 

collaborate with members of other groups in a class, and even more so when collaborative 

learning seeks shared meaning-making to achieve knowledge improvement, is an important 

area less explored. As teachers are the central role of managing the activities in a CSCL 

environment (Dillenbourg & Hong, 2018), supporting this process with a collaboration script 

would help them align the different aspects of the collaborative learning process before and 

during the learning session (Fischer, Slotta, Dillenbourg, et al., 2013). 

In this study, the focus was placed on macro-level scripting rather than micro-scripting. 

Macro-script is an overarching construct to effective CSCL before micro-scripting. To further 

elaborate on both macro-script and micro-script, some common examples from past research 

studies were reviewed. 
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2.3.3 Examples of Macro-scripts and Micro-scripts 

Over the years, there were many collaboration scripts developed by researchers and 

tested under different CSCL scenarios. One of the collaboration scripts developed in the earlier 

years, named the MURDER (Mood, Understanding, Recall, Detection, Elaboration, and 

Review) script, involves two learning partners learning from a text (Kollar, Fischer & Hesse, 

2006). The MURDER script is a macro-script that works on an even number of participants 

(Kobbe, Weinberger, Dillenbourg, Harrer, Hämäläinen, Häkkinen & Fischer, 2007). Other 

scripts, such as the Universanté Script, require that the group members be from at least two 

different nations for the implementation to take off (Kobbe et al., 2007). The research 

conducted by Rummel, Spada and Hauser (2009) presented a pedagogical model that represents 

a macro script that defines a sequence of phases with associated activities. On top of the 

fundamental script, there is a script-plus condition that includes additional elaboration support. 

However, results showed that the script condition obtained better scores than the script-plus 

condition, suggesting that added elaboration may not provide necessary aid with the 

collaboration process and outcome as it could be adding another layer to the already high 

demands (Rummel, Spada & Hauser, 2009). One recent study introduced a high guidance script 

named a READ script, which integrated the macro- and micro-level script components into a 

single script (Mende, Proske, Körndle & Narciss, 2017). Results from this study showed that 

low prior knowledge learners benefited more from the high guidance READ script than the low 

guidance script (Mende, Proske, Körndle & Narciss, 2017).  

Collaboration scripts provided by a computer and scripts provided by a teacher can be 

combined to provide optimum support for collaborating groups (Kollar, Fischer & Hesse, 

2006). A collaboration script can be made explicit through the interface of a CSCL environment, 

where learners are guided to engage in the specified activities of the collaborative learning 

process (Dillenbourg, 2002). Scripted interfaces may also prompt specific activities, such as 
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asking a discussant to contribute a question. Two examples of such macro-scripts, the 

ArgueGraph and ConceptGrid, developed by Dillenbourg and Hong (2008), have been tested 

multiple times and yield positive results. Some other scripts from past research studies showing 

optimistic effects on collaborative learning are described as follows.  

The ArgueGraph script is a macro script that caters mainly to argumentative scenarios 

by forming pairs of students with conflicting opinions (Jermann & Dillenbourg, 2003). 

Students commence by individually arguing for or against items on a questionnaire and are 

subsequently paired based on conflicting opinions to proceed to the following questionnaire 

activity (Kobbe, Weinberger, Dillenbourg, Harrer, Hämäläinen, Häkkinen & Fischer, 2007). 

This script worked ideally with an even number of group members (Dillenbourg & Jermann 

2007). However, it may not be possible to run when the group members are in odd numbers. 

The Concept Grid script can be considered a sub-class of the jigsaw script (Dillenbourg, 

2002). In this script, members within the group acquire complementary knowledge by reading 

different papers, followed by an explanation of the concepts about which he/she has 

individually read to the members of other groups (Dillenbourg, 2002). The constraint with this 

script is that changes to the group composition are relatively inflexible as each group member 

should have different knowledge for the script to run (Dillenbourg & Tchounikine, 2007). 

The RSC script (Betbeder & Tchounikine, 2003) is based on three phases (Research–

Structure–Confront). It can be repeated several times, with the output of a phase being the input 

of the following phase (Tchounikine, 2008). The RSC cycle allows the individual and 

collective phases to be alternately switched as long as the production of the previous phase acts 

as the resource of the next one (Betbeder & Tchounikine, 2003). The constraint to this script is 

that the corresponding task must be collectively described earlier, which could be pressurising 

and coercive to the participants (Tchounikine, 2008). 
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Another three-phase macro-script described in a recent study was implemented to 

support groups’ interaction and collaborative working processes. The three-phase macro-script 

was leveraged in a pre-service teachers’ course in designing technology-enhanced tasks 

collaboratively (Näykki, Isohätälä, Järvelä, Pöysä-Tarhonen & Häkkinen, 2017). The three-phase 

macro-script are the orientation phase, intermediate phase, and reflection phase. Question 

prompts were delivered to the group members on tablets, where they were subsequently 

instructed to plan their collaborative processes, stop, and reflect on the efficiency of their 

strategies and outcomes of their learning process. Results were promising as the participants 

were seen using the external supports pervasively to stimulate orientation discussion. However, 

preliminary analyses showed that the regulation macro script supported interactions but could 

not engage the participants in high-level regulation interaction (Näykki, Isohätälä, Järvelä, 

Pöysä-Tarhonen & Häkkinen, 2017). 

Kolodner (2007) presents a scripting model named The Learning by Design model that 

involves both a macro-script and some micro-scripts (prompts, coaching) to participate in 

productive discourse with their fellow learners. The learning outcomes were, however, not 

reported (Häkkinen & Mäkitalo-Siegl, 2007). Hence, it is not possible to ascertain if there is 

any learning improvement when using this model.  

The Guided Strategic Problem Solving (King, 1991) is another micro-script that 

effectively promotes complex problem-solving. It is designed to scaffold small groups or dyads 

to prompt strategic questions with each other to plan, monitor, and evaluate their problem-

solving process in a strategic manner (King, 2007). No specified roles are needed to be given 

while asking or answering the questions in this script (King, 2007).  

Micro-scripts can also be built into the software environment as cognitive tools 

(Dillenbourg & Tchounikine, 2007; Stahl, 2010). For example, imposing prompts for turn-

taking such as “Please, provide a counterargument” (Dillenbourg & Tchounikine, 2007, p. 9) 
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and direct specific scaffold on the interaction process. Such scaffolds could also be “a lexicon 

or word bank that might be germane to a given topic or supplying a series of questions that 

might prompt idea generation or text-monitoring processes” (Englert, Wu & Zhao, 2005, p. 

185). Micro scripts such as these provide intentional learning and meta-cognition, allowing 

students to construct knowledge, engage them in critical thinking, develop skills, significantly 

restructures or amplify thinking, and facilitate collaboration and distributed cognition (Chen, 

Tan, Looi, Zhang & Seow, 2008).  

When scripts are inbuild into the technology, the CSCL process can be smoothened and 

ease teachers' facilitation (Tissenbaum & Slotta, 2019). This effect can be seen from the study 

by Martinez-Maldonado, Clayphan and Kay (2015), where the technology was leveraged to 

control the classroom script. However, capturing the dynamics of a script in a technological 

environment is not easy (Dillenbourg & Hong, 2008). The fundamental purpose is not just to 

help structure the collaborative activities but also to support knowledge sharing and knowledge 

construction and provide real-time collective knowledge opportunities to be shared in different 

representations (Lui, Tissenbaum & Slotta, 2011). Therefore, this study adopted the AppleTree 

system. The SMCKI macro-script is intuitively embedded into the technological environment 

to facilitate the scripting process. 

When quick cycles of knowledge are constructed during the short duration of a 

classroom lesson, it differs from the concept of knowledge building (Scardamalia & Bereiter, 

1994). This knowledge construction connotes the process of idea improvement over a 

protracted or extended period (Wen, Looi & Chen, 2011). Given this study's short intervention 

duration, the concept of collaborative knowledge improvement was adopted instead of 

knowledge building. Studying idea improvement over a short duration of class time is drawn 

from the concept of Rapid Collaborative Knowledge Improvement (RCKI) (Looi, Chen & 

Patton, 2010; Looi, Patton & Chen, 2011). Understanding RCKI is crucial as this laid the 
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foundation for examining the SMCKI script as the development of the SMCKI script was 

informed through the progression of the RCKI concept. 

 

2.3.4 Rapid Collaborative Knowledge Improvement (RCKI) 

Originally proposed by Looi, Chen and Patton (2010), RCKI dictates a CSCL 

environment where knowledge improvement is situated within a short period of a class session. 

It “seeks to harness the collective intelligence of the group to learn faster, envision new 

possibilities, and to reveal latent knowledge in a dynamic live setting, characterised by rapid 

cycles of knowledge building activities in a face-to-face setting” (Looi, Chen & Patton, 2010, 

p. 26).  RCKI refers to the notion of democratising participation and idea refinement in the 

context of live dynamic classroom settings, that is, face-to-face (F2F) collaborative knowledge 

construction and improvement throughout a class session, supported by certain technologies 

for lightweight instant interaction (Looi, Chen, & Patton, 2010).  

RCKI differs from the term knowledge building. According to Scardamalia and 

Bereiter (1994), the building within a collaborative knowledge building environment implies 

that the classroom community works together to produce knowledge as a collective product. It 

is not merely a summary report of what is in individual minds or a collection of outputs from 

the group. However, collaborative knowledge building may not be fulfilled within a short 

duration of a class session (Wen, Looi & Chen, 2011). When knowledge is constructed within 

a limited time constraint, it means that the community's efforts toward social processes were 

aimed at improvement rather than knowledge building (Scardamalia & Bereiter, 1994). When 

knowledge construction takes place over the limited duration of a class session, the focus on 

democratic knowledge sharing, as well as cycles of individual and group knowledge 

enhancement, should take the stance of improvement rather than building (Wen, Looi & Chen, 

2011). The adoption of the term RCKI signifies that the short duration of the knowledge 
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improvement within a classroom setting within the context of live classroom settings is the best 

fit for lesson enactment (Wen, Looi & Chen, 2012). 

In an RCKI session, the group's content is inherited into the individual and the group’s 

perspectives (Wen, Looi & Chen, 2011; 2012). In operation, the approach premised on social 

constructivism that took upon individuals' collaborative efforts to generate and continually 

improve ideas in a live learning environment (Song, Chen & Looi, 2012). It is practised within 

time-limited cycles or activities facilitated by the teacher (Song, Chen & Looi, 2012). The 

primary design objective of RCKI seeks to address the constraints teachers face when they 

design collaborative activities, particularly when designing activities within a short duration of 

a classroom lesson. The notion of "rapid" stems from three main dimensions, 1) within a limited 

time of participation; 2) using a lightweight form of expression; and 3) enabling quick cycles 

of interaction (Wen, 2019). Therefore, RCKI owns its distinguished value for guiding real-time 

classroom teaching and learning, emphasising learning efficiency (Wen, 2019). Since the 

inception of RCKI, several studies have engaged this approach in authentic classroom settings 

(Roschelle, Patton, Schank, Penuel, Looi & Dimitriadis, 2011). Towards the goal of RCKI, the 

team of researchers from NIE worked with teachers in the mainstream schools to co-design 

and implement lessons in authentic school settings engaging in RCKI. By harnessing RCKI, 

the collective intelligence that typically lies latent in the classroom were unveiled. The 

participants involved in the process of brainstorming and generating ideas were collectively 

built upon during the RCKI process (Looi, Chen & Ng, 2010). By doing so, individuals can 

learn existing subject matter more deeply, become people of the 21st century knowledge 

building practices, as well as to develop the dispositions that allow them to be ready to explore 

CSCL practices in the classroom (Roschelle et al., 2011). 
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2.3.5 The Spiral Model of Collaborative Knowledge Improvement (SMCKI) 

To provide an intuitive grasp of the Rapid Collaborative Knowledge Improvement 

(RCKI) notion for teachers and learners, the Spiral Model of Collaborative Knowledge 

Improvement (SMCKI) was engaged as the collaboration script for this study. Initially 

developed and implemented in the computer-supported collaborative argumentation context in 

the Singapore secondary school science classes (Chen, Zhang, Wen, Looi & Yeo, 2019), the 

SMCKI script focused on collective intelligence to drive the collaborative learning process. 

Collective intelligence, as defined by Leimeister (2010), is a fusion of two terms: “collective” 

and “intelligence”. “Collective” is deemed as a group of individuals who may have similar or 

different attitudes or viewpoints. “Intelligence” is the ability to learn, to understand, and to 

adapt to an environment by using own knowledge; and to leverage different one’s ideas to 

develop, connect and improve as a whole. Building collective intelligence would lead to 

collaborative knowledge improvement (Looi, Chen & Patton, 2010). 

In addition to the initial exploration of SMCKI in the science classroom, subsequent 

implementations of SMCKI script in school-based research included a computer-supported 

collaborative argumentation intervention in one primary school for science; another computer-

supported collaborative writing scenario conducted in a Singapore primary four Chinese 

language class; and one other secondary school for English language and social studies. 

Subsequent implementation in the pre-service teacher education included an exploratory case 

study on leveraging the SMCKI for TEL lesson design in a face-to-face networked classroom. 

Results showed that the collaborative learning at the small group and the class level created 

deep meaning shared among participants, leading to improvement in the participants’ TPACK 

knowledge gained through the productive CSCL process (Chen, Tan & Pi, 2021). Subsequent 

employment of the SMCKI script in the higher education setting included engaging participants 

in reading comprehension tasks in two pre-service classes. Its adaptability was further explored 
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in a collaborative learning environment where there was no technology support. Scripting a 

collaborative learning environment with the SMCKI script in these different contexts showed 

that the SMCKI script was adaptable regardless of the learning context. The basis for 

leveraging the SMCKI script was a collaborative learning environment. 

The five-phase SMCKI script took on a spindle-shaped, which is derived from 

commencing with a solitary individual ideation phase and concluding with another individual 

achievement phase. Essentially, Phase One individual ideation encourages knowledge sharing 

through the creation of diverse ideas. The concluding phase – Phase Five-allows individuals to 

reflect and consolidate their learning from the knowledge shared and improved over the 

previous collaborative learning phases for personal knowledge achievement. Since Phase Five 

was not the focus of this study, no in-depth discussion would be presented in this thesis for this 

phase. 

There are two intra-group phases in this script. Transiting between these two phases is 

the class-wide peer critique phase. This phase is represented by the widest circumference of 

the spindle-shaped model (see Figure 1.3). These three collaborative phases serve the input and 

output of the individual knowledge sharing and improvement. Collective knowledge at Phase 

Two is a synergy of individual prior knowledge. Phase Three is where knowledge sharing is 

extended to its largest territory. It takes on the benefits of a big class for fruitful collaborative 

learning. The harvesting of multiple perspectives brings knowledge improvement to its 

pinnacle at Phase Four intra-group refinement. The phases from two to four enable every 

individual to draw upon the divergences of ideas from inter-groups and within-group towards 

knowledge improvement.  

The SMCKI macro-script incorporates the intended objective of the two basic types of 

learning outcomes in CSCL. These two CSCL learning outcomes, as pointed out by Kollar, 

Wecker and Fischer (2018), are the group level and individual-level outcomes. Leveraging the 
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SMCKI script, this study manoeuvred the participants through the CSCL activities, supporting 

them socially and cognitively to bring forth collaborative knowledge improvement. CSCL is 

usually directed towards a group level description (Stahl, 2010). However, the SMCKI script 

directs the CSCL process from individual to group, from group to class, back to the group in 

this study. 

SMCKI is designed with the purpose to address both the social and the cognitive issues 

associated with collaborative learning. The two unique phases of the SMCKI script are Phase 

One individual ideation and Phase Three Inter-group Critique. To the best of the researcher’s 

knowledge, SMCKI is the only pedagogical model or collaboration script that includes both an 

individual ideation component and a class-wide peer critique at the group level, phased together 

in a collaborative learning situation. The individual ideation phase prior to the group-level 

activities facilitates the recalling and processing of prior knowledge. Prior knowledge serves 

as capitals to Phase Two intra-group synergy. The individual moment within a collaborative 

learning scenario prevents the presence of free-riders and an unequal level of collaborative 

effort (Hämäläinen and Arvaja 2009). In addition, it encourages knowledge sharing by creating 

a wider pool of ideas for the subsequent group synergy phase. Apart from that, having the pool 

of ideas visible could reveal gaps in the dyad’s views or conflicts in their expressed 

understanding (Gerard, Kidron & Linn, 2019).   

The next unique feature of the SMCKI script is the Phase Three inter-group critique. 

Past research studies have attested that critically reviewing and critiquing one another’s works 

and providing constructive criticism supports knowledge improvement (Looi, Chen & Ng, 

2010; Wen, Looi & Chen, 2012). Peer critique has been widely adopted, given its benefits for 

both the recipient and the critic (Prins, Sluijsman, Kirschner, & Strijbos, 2005). Phase Three 

of the SMCKI script is a class-wide level that comprises active and simultaneous interactions. 

Knowledge generated at this phase adds value towards knowledge refinement at Phase Four. 
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For without the class-wide peer critique, group knowledge refinement at Phase Four would not 

have taken place. Likewise, each group would not have the opportunity to reap the benefits of 

the class-wide peer critique for collaborative knowledge improvement at Phase Four. 

Theoretically, the SMCKI approach drew alignment with Maor's (2007) research 

findings. This approach encourages the participants to express themselves socially through 

enhanced communication between the facilitator and the participants, including the 

communications among the participants themselves. Furthermore, the spiralling effect of the 

SMCKI script facilitated the paths for reaping the benefits of collaborative learning at the 

individual level, group, and class level. Hence, collaborative knowledge improvement would 

occur if the SMCKI script is effectively facilitated.  

With the SMCKI macro-scripted Phase One, issues related to challenges in CSCL are 

expected to be addressed. Situating an individual ideation phase could help develop the 

participants’ dialogic and collaborative skills to deter the frequent silent participant problem 

(Remedios, Clarke & Hawthorne, 2008). This phase could also prevent problems with free 

riding. Free-riding may occur, resulting in group-task not being duly completed or certain 

group members being overloaded (Hsu, Chou, Hwang & Chou, 2008). With Phase One 

individual ideation, each participant was set to bring an individual idea with them before 

proceeding to the collaborative phase at the intra-group synergy (Phase Two). Although 

findings have shown that online peer discussions can support social interactions and academic 

development (Xu, Chen & Chen, 2020; Yuan & Wu, 2020), there are still reported instances 

of online silence despite teacher or peers’ intervention (Persico, Pozzi & Sarti, 2010; Slakmon 

& Schwarz, 2014). To resolve the tendency of online silence, each phase in the SMCKI is 

intentionally structured and linked to the individual and collaborative learning phases in macro-

scripts for its intended purpose. Phase Two intra-group synergy requires individuals within the 

group at their best capacity to synergise a group product for presentation to the class for class-
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wide level inter-group critique. This scripting effect would motivate the participants to draw 

from the best of their prior knowledge (from Phase One) to present to the group at Phase Two.  

Scripting to support peer critique (feedback/assessment) is a promising approach for 

effective learning (Gielen & De Wever, 2015; Noroozi, Biemans & Mulder, 2016). One avenue 

to supporting peer critique is to provide a checklist during peer critique, which has shown to 

be favourable for peer feedback (Gielen & De Wever, 2015). In this study, two sets of materials 

were given to the participants. These materials served as checklists to help group members 

cross-check the domain content knowledge of peers during the SMCKI Phase Three Inter-

group Peer Critique. These materials could help the participants provide their feedback 

objectively and constructively. Informative comments and constructive feedback, coupled with 

suggestions, are crucial to support the development of cognitive skills and collaboration skills 

(Strijbos, Ochoa, Sluijsmans, Segers & Tillema, 2009).  

Tseng and Tsai (2007) categorized peer feedbacks into four types: Reinforcing, 

Didactic, Corrective and Suggestive. It was found that reinforcing peer feedback helped, but 

didactic feedback and corrective feedback played an unfavourable role for subsequent 

improvement of the students’ projects; Suggestive feedback was helpful initially but not 

significant at the later stage (Tseng & Tsai. 2007). Other research studies found that suggestive 

feedback helps alert the participants if there are problems with their work (Van den Boom, Paas 

& Van Merrienboer, 2007). On the other hand, feedback with specific elaborations helps point 

out how future performance can be improved (Gielen & De Wever, 2015). Such feedback is 

helpful as they evoke positive learning outcomes. While suggestive feedback poses a positive 

note, rebuttal feedback, if made sense, could also be well received and result in outcome 

improvement (Harland, Wald & Randhawa, 2017).  

When feedback is informative, it ought to give sufficient details and provide sufficient 

information to feed-forward (Gielen & De Wever, 2015). Kim (2009) noted that many studies 
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focused on the effects of a critic role and considered the recipient role a passive one. In the 

SMCKI Phase Three, recipients of the peer critique will take on an active role as the 

opportunity is given to the participants to discuss the given feedback with their group members 

during Phase Four intra-group refinement. When recipients discuss written feedback with their 

peers, they could engage with the feedback. This feedback could invoke knowledge 

improvement. When clarification is requested, or feedback is given upon feedback, this active 

engagement leads to higher metacognitive awareness (Kim, 2009). The metacognitive 

awareness will subsequently enable higher knowledge improvement. Since peer critique 

enhanced and developed both individual and shared cognition critically (Järvelä et al., 2016), 

this study perceived positive results with ripple effects in the learning outcome. The learning 

process stipulated through the class-wide peer critique process could enable high-quality 

learning outcomes. To the best of the researcher’s knowledge, exploring a peer critique phase 

at the class level is an area less explored thus far.  

Managing script flexibility is regarded as an important issue and is associated with its 

design rationale (Tchounikine, 2016). To optimize the collaborative learning process and 

outcome, SMCKI is flexible in its implementation. Logistically, all five phases need not occur 

in one session or within the same space or place. For example, Phase One can be taken out of 

class, while Phase Two to Phase Four occur during class time. Alternatively, Phase One to 

Phase Three can take place in class, with Phase Four taken out-of-class. Though not the focus 

of this study, SMCKI Phase Five could be deployed as a refinement phase to the initial 

individual ideation or a reflection of the knowledge gain throughout the collaborative learning 

phases. The SMCKI script is also not constraint by the size of a group nor concerned by the 

group composition. It can be applied to a group size of dyads or any odd or even number group 

size. In addition, it could also be deployed to a class with different group sizes, such as five 

groups of four members and three groups of three members. Furthermore, social and 
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educational design considerations such as “group composition, students’ roles, and scripts for 

argumentation and forms of reasoning” (Ludvigsen & Steier, 2019, p. 417) can also be 

supported by the SMCKI script. With this flexibility, the SMCKI script can be implemented in 

any collaborative learning setting.  

 

2.4 Technology-Enhanced-Learning (TEL) Lesson Design  

The context of the study is pre-service teachers’ Technology-Enhanced Learning (TEL) 

lesson design. The integration of technology to facilitate 21st century teaching and learning has 

become pervasive in educational institutes globally (Ghavifekr & Rosdy, 2015). To transform 

teaching and learning using technology, teachers ought to possess the capability to design 

effective TEL lessons and enable effective learning experiences. That being the case, preparing 

pre-service teachers to design the TEL lesson is inarguably relevant in teachers’ education 

(Heafner & Plaisance, 2016). Predominately, a teacher's role has evolved from being a 

transmitter of knowledge to a facilitator of the learning process and, more recently, a learning 

experience designer (Fei & Hung, 2016). Designing lessons for 21st century learning is indeed 

a critical challenge for teachers today (Koh, Chai, Hong & Tsai, 2015), particularly in 

designing TEL lessons. 

Past research studies have shown that teachers perceived the designing of TEL as 

significantly difficult, challenging and demanding, especially with the alignment between 

content, pedagogy, and technology (Chai, Koh, Lim & Tsai, 2014; Koehler, Mishra, Bouck, 

DeSchryver, Kereluik, Shin & Wolf, 2011; Looi, So, Toh & Chen, 2011; Wong, Chai, Zhang 

& King, 2015). Preparing pre-service teachers to design effective technology integrated lessons 

is indeed an ongoing challenge (Baran & Uygun, 2016). Novice teachers in their early stage of 

acquiring the fundamentals of teaching knowledge often find difficulties integrating their 

lesson design with more sophisticated and integrated knowledge (Hong, Lin, Chai, Hung & 
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Zhang, 2019). This difficulty is especially evident when the lesson designs involve the use of 

technology. However, with the influx of technology worldwide, teachers need to be entirely 

comfortable using digital tools to design effective TEL lessons (Bogusevschi, Maddi & 

Muntean, 2019; Demirkan, 2019). Since pre-service teachers should possess the competency 

to use technology to integrate it with the learning content and the most suitable pedagogical 

approach (Demirkan, 2019), the urgency to equip them with this competency has become more 

pertinent. This urgency is particularly crucial considering the current pandemic where 

designing TEL lessons had become a norm in schools globally. 

Niess (2011) suggested adopting a framework to guide teachers with the thinking 

process about the knowledge when making instructional decisions concerning integrating 

digital technologies as learning tools. Such a framework can engage pre-service teachers in 

designing TEL lessons effectively. Notably, the TPACK (Technological Pedagogical and 

Content Knowledge) framework has long been acknowledged as a dependable guide to help 

build teachers' ICT lessons design competency (Chai, Koh, Tsai & Tan, 2011; Koh, 2013; Koh 

& Chai, 2016). To date, it is still valid and widely used in educational contexts when dealing 

with the use of technology in teaching and learning (Khine, Afari & Ali, 2019). The TPACK 

framework (originally TPCK) builds on Lee Shulman’s construct of pedagogical content 

knowledge (PCK) to include technology knowledge (Koehler & Mishra, 2009). According to 

Vijayan and Joshith (2018), using TPACK as a framework for the TEL lesson design would 

positively impact 21st century education. The development of TPACK on teachers is critical 

to ensure effective teaching with technology (Koehler & Mishra, 2009; Mishra & Koehler, 

2007). TPACK emphasizes integrating technology, pedagogy, and content knowledge for 

effective technology integration (Thompson & Mishra 2007). The ability to combine these 

three elements shows the development of the ability to appropriate context-specific strategies 

and representations for technology-infused lessons (Koehler, Mishra & Yahya, 2007). 
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Therefore, adopting the TPACK as the fundamental framework to support pre-service teachers 

in the TEL lesson design process is presumably apt for preparing them to function well in this 

area in future. 

The TPACK framework comprises three basic forms of knowledge, which are 

technological, pedagogical, and content knowledge. These three basic forms are followed by 

another four types of more integrated knowledge, which are the technological content 

knowledge (TCK), pedagogical content knowledge (PCK), technological pedagogical 

knowledge (TPK), and technological, pedagogical, content knowledge (TPCK) (Hong, Lin, 

Chai, Hung & Zhang, 2019). The TPCK or TPACK knowledge requires deep, complex, fluid, 

and flexible knowledge of all three components of the framework (Koehler, Mishra, Bouck, et 

al., 2011). 

 Although developing the TPACK among pre-service teachers is a reliable move, 

designing is generally regarded as messy and complex (Koehler & Mishra, 2005). Every 

potential solution developed has its competing solutions and deciding between the possibilities 

is not easy (Mishra & Koehler, 2003). Since the designing of TEL lessons is a complex process 

(Koh, Chai, Wong & Hong, 2015), attempts were made to help close the gap between what 

preservice teachers are taught to do and what they can do (Hare, Howard & Pope, 2002). The 

quest to prepare teachers for effective technology integration within lesson design is indeed not 

an easy task to fulfil (Baran & Uygun, 2016). This is especially so as the need to keep up with 

the rapid proliferation of ICT tools is inevitable with designing TEL lessons for 21st century 

learning (Koh, Chai, Benjamin & Hong, 2015).  

Pre-service teachers were often taught to write lesson plans during their pre-service 

teacher training (Lim, Son & Kim, 2018; Shimizu, 2008). A lesson plan usually comprises a 

sequence of events of the classroom activities, focusing on students' responses in each segment 

of the events (Shimizu, 2008). However, planning and designing are two different perspectives. 
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While individual thoughtful lesson planning does enhance learning, creating the learning 

experiences to engage the learners with effective lesson design is important (Johnson, 2000). 

Lesson planning refers to a teachers’ view, which “begins with goals, objectives, programs of 

action, and activities, designing begins with the learners’ needs in mind” (Hathaway & Norton, 

2019, p. 1845). In essence, lesson design commences with constituting teachers as designers 

(Guven & Gulbahar, 2019; Hathaway & Norton, 2019; Jordan, 2016; Kali, McKenney & Sagy, 

2015) of the learning environment and learning experiences (Jordan, 2016). Developing 

teachers as designers is not easy as TEL design is a job for teams of people rather than for lone 

individuals (Goodyear & Retalis, 2010). Pre-service teachers must learn to recognize learners’ 

variabilities and learn how to “design authentic technology-based and student-driven activities 

that are best suited for their students.” (Guven & Gulbahar, 2019, p. 263) That is, the lesson 

designer should possess the competency to “select and/or adapt instructional technology to 

match the objectives based on the students’ needs (Okojie, Olinzock & Okojie-Boulder, 2006, 

p. 70). A learning design is often structured as a sequence of learning activities representing 

the procedures of a teaching and learning session to help learners achieve specified learning 

outcomes (Laurillard, Kennedy, Charlton, Wild & Dimakopoulos, 2018). Although TEL 

design is difficult, takes time and needs experience, TEL design experience can be easily shared 

with others (Goodyear & Retalis, 2010; Laurillard, Kennedy, Charlton, Wild & Dimakopoulos, 

2018).  

Furthermore, lesson design is “learnt best through the active process of creating and 

doing.” (Mishra & Koehler, 2003, p. 20). Teachers who participated in a collaborative review 

of lesson design claimed that they learned the concepts better when reviewing and giving 

feedback (Laurillard, Kennedy, Charlton, Wild & Dimakopoulos, 2018). Developing pre-

service teachers’ TPACK competency by involving them in a collaborative design process 

would offer them the opportunities to explore and play a relatively consequence-free zone of a 
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classroom (Mishra & Koehler, 2003). Additionally, the collaborative learning process could 

remind them of what was lacking in their design. When reviewing other’s work, the process 

broadens their perspectives in other possible ways to design the lesson (Laurillard, Kennedy, 

Charlton, Wild & Dimakopoulos, 2018). In other words, when pre-service teachers are given 

the opportunity to design TEL lessons collaboratively, they can explore their ideas among peers 

with ease (Mishra & Koehler, 2003). 

Furthermore, any inadequacies of their current teaching theories and methods can be 

uncovered through peer interaction (Chitpin & Evers, 2012). That is where collaboration and 

support became essential elements in such a learning environment (Farmer, Hauk & Neumann, 

2005). Given the benefits of collaborative learning, collaborative lesson design would be a 

reliable approach to help pre-service teachers make better connections among content, 

pedagogy, and technology (So & Kim, 2009). When teachers engage in teams to learn 

collaboratively, the learning opportunities offered and the possibility to enhance the 

development of TPACK were well received by the participants (Kafyulilo, Fisser & Voogt, 

2015). Hence, establishing such a learning environment to facilitate this purpose is essential. 

Therefore, this study aimed to develop pre-service teachers as TPACK competent by 

undergoing a collaborative lesson design process.  

 

2.5 Collaborative Lesson Design 

Past studies on collaborative learning have reported its positive impacts on pre-service 

teachers’ learning (Leahy & Twomey, 2005; Tondeur, Van Braak, Sang, Voogt, Fisser & 

Ottenbreit-Leftwich, 2012). A recent study indicated that beginning teachers deemed that pre-

service education should allow them to work together, share ideas, and discuss the role of 

technology in education (Tondeur, Scherer, Siddiq & Baran, 2017). When pre-service teachers 

communicate to improve each other's lesson design ideas collaboratively, they could play the 
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role of being teacher-as-designers for continuous improvement with their lesson design ideas 

(Hong, Lin, Chai, Hung & Zhang, 2019).  

Most researchers working on the use of technology for effective teaching agree that 

workshops and courses about technology are ill-suited to produce the deep understanding that 

can help teachers become competent users of technology for pedagogy (Koehler, Mishra & 

Yahya, 2007). Traditional technological training programmes were generally inadequate in 

equipping them with the knowledge and competency to integrate technology effectively with 

their curriculum or teaching methods (Demirkan, 2019). It is not just about teaching technology 

but how these technologies can be effectively used in the classroom (Hare, Howard & Pope, 

2002).  

Learning outcomes are at their best through collective successes and mistakes (Rigelma 

& Ruben, 2012). Effective collaboration and communication with others are essential aspects 

of a community's collective responsibility (Hong, Lin, Chai, Hung & Zhang, 2019). The study 

by Rigelma and Ruben (2012) highlighted that collaboration was central to the pre-service 

teachers’ learning, and the participants reckoned that the learning from one another was rich as 

the kind of community they build and learn from is deep and strong. Further, Hong, Lin, Chai, 

Hung and Zhang (2019) investigated that when pre-service teachers become more collaborative 

and articulated, the collective effort bring about knowledge improvement. Therefore, by 

engaging pre-service teachers in collaborative lesson design, lesson designing will not fall into 

a consolidation of lesson activities using a simple cut and paste; instead, it can be processed by 

providing opportunities to question, manipulate, reformulate, and interact to foster thinking 

competency (White & Watt, 2010). 

Collaborative lesson design is a promising strategy for developing teachers’ learning 

(Voogt, Fisser, Roblin, Tondeur & van Braak, 2013). The benefits of collaborative lesson 

design include shared cognition, effective creative and innovation processes, and critical 
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understanding of a product through reciprocal reasoning (Kangas, Seitamaa-Hakkarainen & 

Hakkarainen, 2013; Tschimmel, 2012). Specifically, when pre-service teachers are engaged in 

the collaborative lesson design process, they can be provided with the opportunity to share 

expertise, work collaboratively, and improve their teaching skills and academic performance 

(Vollenbroek, Wetterling & de Vries, 2017). With collaborative lesson design, pre-service 

teachers could make intimate connections among content, pedagogy, and technology 

collaboratively (So & Kim, 2009), resulting in improved TEL lesson design outcomes. 

Moreover, Sim (2006) argued that the process of establishing a campus-based pre-service 

teacher community of practice is a valuable strategy. This practice could help these pre-service 

teachers transition easily from the university setting to the school environment.  

For collaborative lesson design to be effective, pedagogical models are needed. There 

are several models for operating the collaborative lesson design, for instance, teachers design 

teams (Handelzalts, 2009), Professional Learning Communities (McLaughlin & Talbert, 2006), 

Lesson Study (Hird, Larson, Okubo & Uchino, 2014; Makinae, 2010) and Learning by Design 

(Mishra & Koehler, 2003). These listed models each bear their benefits and limitations.  

Teachers design teams operate where two or more teachers are involved in each team 

supported by a team facilitator (Handelzalts, 2009). During the process, teachers come together 

to set goals and improve their practice. Instead of being solely the change agent, these teachers 

operate as professionals who fix deficiencies in knowledge, change beliefs to adopt proposed 

curriculum reforms, and design lessons for class enactment subsequently (Agyei, 2019). 

Although the pre-service teachers who underwent teacher design teams reflected that their 

content knowledge about the subject matter was increased, they argued that the presence of a 

team coach is important to give direction on the idea-generating session (Adams, Rotsaert, 

Schellens & Valcke, 2020). Moreover, this model generally focuses on a larger-scale design 

like curriculum development, which spans weeks and months (Adams, Rotsaert, Schellens & 
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Valcke, 2020; Handelzalts, Nieveen & Van den Akker, 2019). Hence, this model is not suited 

for this study as the objective is a rapid collaborative knowledge improvement scenario within 

a short class duration. 

Another approach is the Professional Learning Communities. In this approach, teachers 

work collaboratively to reflect on their practices and student outcomes and subsequently make 

changes that improve teaching and learning for the students in their classes (McLaughlin & 

Talbert, 2006). Although this practice has been employed in the development of pre-service 

teachers (Hoaglund, Birkenfeld & Box, 2014; Le Cornu & Ewing, 2008; Sim, 2006), it requires 

at least one professional and experienced teacher within each team (Hoaglund, Birkenfeld & 

Box, 2014; Le Cornu & Ewing, 2008; Sim, 2006). Hence, this model is deemed unsuitable as 

having a team coach would not be feasible for this study. It is logistically impossible to engage 

a professional or an experienced teacher to facilitate each small group within this study. 

 Another collaborative lesson design practice is lesson study, developed and refined in 

Japan since the late 19th century. This practice typically involves lesson planning among a 

small group of four or five teachers (Hird, Larson, Okubo & Uchino, 2014). Lesson study 

requires all team members to discuss the essential concepts that the students need to learn, 

compare the concepts with the curriculum, and consider students' present knowledge based on 

the observations of the research lesson (Lewis, Perry & Hurd, 2004). This process creates 

awareness for all parties involved (Coenders & Verhoef, 2019). Lesson studies are common 

practices in school settings because of the need to observe a lesson in progress. Although 

research studies had employed this model in pre-service education (Angelini & Álvarez, 2018; 

Lamb, 2015), the condition to observe a real-life lesson as a basis for discussion was not the 

focus of this study. 

The Learning by Design approach (Koehler & Mishra, 2005) is an approach that aims 

to help teachers develop a flexible and situated understanding of technology. In this approach, 
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pre-service teachers are tasked to work collaboratively to develop deeper understandings of the 

nuances and complexities of integrating technology into authentic lessons. This approach to 

learning about educational technology was influenced by several theories that suggested the 

potential of design-based activities for learning. In essence, this approach helps teachers 

develop technological solutions to authentic pedagogical problems and appreciate the complex 

interrelationships between artifacts, users, tools, and practices (Koehler & Mishra, 2005).  

In the Learning by Design approach, an environment is created for teachers to naturally 

confront the connections between technology, content, and pedagogy (Koehler & Mishra, 

2005a). This approach differs from a traditional workshop or technology class where teachers 

are trained to be consumers of tools, hoping that they could apply what they learned to their 

practices. In this approach, teachers focus on an authentic problem and seek ways to use 

technology (and thereby learn about technology) to address the problem (Koehler & Mishra, 

2005a). It depicts an environment intentionally created for teachers to naturally confront 

educational technology (Koehler & Mishra, 2005b). The focus is on having teachers work in 

groups as teacher designers and producers of educational technology (Mishra & Koehler, 2003). 

This collaborative designing process can help them build pedagogical beliefs, which would 

affect how they can integrate technology into the lesson design (Voogt, Fisser, Roblin, Tondeur 

& van Braak, 2013). 

Moreover, “by participating in the design, teachers build something that is aligned to 

the subject matter (instead of learning the technology in general) and the specific instructional 

goals (instead of general ones). Therefore, every act of design is always a process of weaving 

together components of technology, content, and pedagogy” (Koehler & Mishra, 2005b, p. 95). 

This approach is flexible in its implementation and could take any form of collaboration as 

long as each group collaborates effectively. The fundamental aim is to engage learning groups 
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in authentic design activities around educational technology. Therefore, this approach could be 

blended with the SMCKI script to deliver an effective collaborative lesson design scenario. 

To summarise, the benefits of collaborative lesson design include shared cognition, 

increased effectiveness of creative and innovation processes, and the critical understanding of 

a product through reciprocal reasoning (Kangas, Seitamaa-Hakkarainen & Hakkarainen, 2013). 

When design processes are operated collaboratively, divergent thinking is achieved (Brown & 

Wyatt, 2010). Most of all, collaborative lesson design can support the development of 

technology integration knowledge and skills through sharing expertise, reflection on pedagogy 

with technology tools (Kafyulilo et al., 2015). Further, Koehler and Mishra (2005b) posited 

that when the participants underwent the experience of collaborative design of TEL lesson, 

they can develop a deeper understanding of the “complex web of relationships between content, 

pedagogy and technology and the contexts in which they function” (p. 136). Therefore, 

enabling a collaborative learning environment can be useful. This environment would give pre-

service teachers a platform to discuss and exchange points of view with others (Tondeur et al., 

2017). Since teacher educators are expected to provide the necessary experiences to develop 

the knowledge, skills, and dispositions needed to become 21st century educators (Niess, 2011), 

adopting a collaborative lesson design in the CSCL environment is perceived as relevant for 

this study. 

 

2.6 Summary of the Literature Review 

In the above literature review, the section on collaborative learning indicated the 

background of this study. Challenges that relate to collaborative learning were surfaced to 

deliberate how effective collaborative learning processes can take place. The discussion of 

CSCL follows to lay out the learning environment of this study. Research studies related to 

idea generation and peer critique in the CSCL environment were brought forth. These are two 
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critical phases in group idea development for this study. The rationale of selecting the 

AppleTree system as the technological environment the CSCL environment was discussed 

through the affordances of technology for collaborative learning, the collaborative task and the 

SMCKI script. The opportunity to engage such a tool for this study is a rare co-occurrence 

since most tools developed under research studies are not readily available. Finally, the 

challenges in designing and implementing a CSCL environment led to reviewing the various 

avenues to support an effective CSCL environment. This brought forth the review of the 

collaboration scripts.  

Employing a collaboration script was the avenue used to support an effective 

collaborative learning environment in this study. This selection led to exploring the concerns 

with scripting a CSCL environment. To understand the fundamental concepts of CSCL scripts, 

the two aspects of collaboration scripts, the external versus internal script dimension and the 

macro versus micro script dimension, were explored. Finally, macro-script was narrowed down 

as the type of script focused in this study. Fischer, Slotta, Dillenbourg, et al. (2013) observed 

that micro- and macro- scripts left research labs in the last decade and had entered smoothly 

into the classrooms. There was no doubt with an added advantage over a scripted environment 

compared to an unscripted environment (Lin, 2020).  

The SMCKI macro-script was explained in detail to substantiate its suitability for this 

study. The five phases of the SMCKI script were elaborated with a substantial focus on Phase 

One Individual ideation and Phase Three inter-group critique at the class-wide level. Although 

there are five phases in the SMCKI script, this study employed only the first four phases, 

focusing on group idea improvement. 

The need for script flexibility is yet another key issue and challenge that emerges in the 

research area of CSCL script, be it technically and pedagogically (Fischer, Slotta, Dillenbourg, 

et al., 2013). Technically, the AppleTree system was selected as the CSCL platform for the 
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CSCL scripted environment. Pedagogically, the SMCKI script is a flexible script that is 

adaptable to the needs of this study. Furthermore, supporting a highly dynamic collaborative 

learning scenario via a collaboration script can help students monitor and regulate their own 

and peers’ learning processes (Schnaubert, Vogel, Bodemer, et al., 2020). Therefore, findings 

from this study could potentially contribute to the CSCL literature. 

The review on TEL lesson design and collaborative lesson design staged the context of 

this study. Over the years, several research studies have delved into the use of TPACK as a 

design knowledge for pre-service teachers’ TEL lesson design training. However, these studies 

did not seem to yield satisfactory results in the competency aspect. Practically, pre-service 

teachers could hardly consider the added value of the technology tools for pedagogical 

processes (Janssen, Knoef & Lazonder, 2019). Moreover, pre-service teachers are generally 

less able to consider linkages between content and pedagogy when envisioning their lesson 

agendas compared with expert teachers (Copeland et al., 1994; Leinhardt, 1989; Sabers et al., 

1991). To help pre-service teachers close this learning gap, Tanak (2018) recommended that 

teacher education programmes include authentic experiences rather than mere conceptual 

integration. Teacher change cannot be achieved merely through direct instruction. It requires 

teachers to experience, as learners, the kinds of novel learning environments and experiences 

that can facilitate and enhance learning through the appropriate use of technology (Salomon, 

1998). 

Similarly, Misha and Koehler (2003) stipulated that design should best be learnt 

through the active process of creating and doing rather than being taught by lectures and 

demonstrations. In many pre-service teachers’ education, the doing practice is reflected in and 

supported by lesson planning, but seemingly no existing approach can help pre-service teachers 

in the design practice process (Hathaway & Norton, 2019). Therefore, the literature review 

concluded with the review of collaborative lesson design. Several models of collaborative 
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lesson design were examined. Finally, learning by design was adopted with the collaboration 

script SMCKI to structure the collaborative lesson design for this study.  

As with the context of this study, TEL lesson design is a complex task. Design TEL 

lesson under the requirement of the TPACK framework is not easy given its complexity. Hence, 

adopting a TEL lesson design as the collaborative lesson design task warrants its suitability for 

this study. By engaging the participants in such a task, how each SMCKI phase supports the 

participants towards knowledge improvement from one phase to the next can be rigorously 

examined. The analysis of the performance outcome of the TEL lesson design informed by the 

TPACK dimension and the group idea improvement process informed by the four phases 

throughout the SMCKI script formed the basis of examining the effectiveness of the SMCKI 

script for collaborative knowledge improvement in this study.  
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Chapter Three: Methodology 

This chapter outlines the research design, research participants, the context, the study 

procedure, data collection and data analysis methods. It provides the rationale and 

methodological details for this research. It shows how the research outcome will be met in line 

with the objectives of this study. How the data would be processed and analysed will be 

discussed in detail. 

 

3.1 Research Design 

This study adopts a mixed-method research design. In a mixed-method research design, 

the combined strengths from quantitative and qualitative data are integrated to draw 

interpretations to reveal a better understanding of the research problem (Creswell, 2014). As 

the use of a quantitative or qualitative method alone may not be able to address the complexity 

of this research, the mixed method was chosen and applied in this study. 

In the mixed-method design, the quantitative data and results can provide an overall 

picture of the research problem followed by more analysis through the qualitative data and 

results to refine, extend and explain the overall picture (Subedi, 2016). Given that this design 

method encompasses both quantitative and qualitative phases, a lengthy amount of time would 

be required to implement both phases. Hence, this analysis process is reckoned as onerous and 

challenging (Ivankova, Creswell & Stick, 2006). The complexity also increased when 

quantitative and qualitative data are integrated into the analysis phase, which would have 

implications for the time required in data analysis. However, leveraging the mixed method 

offers richer insights into the phenomenon of the CSCL process being studied. This method 

also allows capturing trends and details (collaborative behaviour) that might be missed by 

utilising only one research design (Caruth, 2013). Therefore, it is still a worthy method to 

indulge in despite the demanding process. 
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There are three basic mixed-method designs: the convergent design, the explanatory 

sequential design, and the exploratory sequential design (Creswell, 2014). The explanatory 

sequential design was applied in this study.  

Based on the sequential mixed method, the data collected in the initial phase contribute 

to the data collected in the following (Driscoll, Appiah‐Yeboah, Salib & Rupert, 2007). 

Quantitative data based on the TPACK score of TEL lesson design at SMCKI Phase One, Phase 

Two and Phase Four was collected to answer research question one. Qualitative data such as 

the creation of TEL lesson procedures, the synergising of group TEL lesson design, the peer 

comments on the TEL lesson design and the refinement made to the group TEL lesson design 

were collected to answer the research question two.  

With the collected data, a trend analysis was presented to answer the first research 

question. To answer the second research question, examining how pre-service teachers’ TEL 

lessons improve throughout the SMCKI phases comprises two data analysis phases. In the first 

phase, lag sequential analysis was conducted to examine the online behaviour sequences of 

pre-service teachers in TEL lesson design across the SMCKI phases. A qualitative uptake 

analysis follows this to examine how the improvement of the TEL lesson design took place 

throughout the four phases of the SMCKI script. As Schoonenboom, Johnson and Froehlich 

(2018) stated, the second phase of the qualitative data analysis was conducted based on the 

initial phase's quantitative research result. Quantitatively, the pre-service teachers’ behavioural 

patterns across the SMCKI script were first analysed at the class level using the lag sequential 

analysis. Qualitative uptake analysis was sequenced after the quantitative analysis to elaborate 

the process towards collaborative knowledge improvement across the four phases of the 

SMCKI script. Two groups were selected to explain and elaborate on the quantitative results 

obtained from the initial phase. The in-depth qualitative analysis can explain how the 

knowledge improvement occurred by examining the participants’ uptake traces reflected in the 
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TEL lesson design across the four SMCKI phases.  

 

3.2 The research participants, context, and the intervention task 

This study was approved by the Institutional Review Board at the National Institute of 

Education, Nanyang Technological University, (NTU, NIE) Singapore. Before the intervention, 

the consent form was disseminated to all the participants via email. All the participants 

provided their informed consent and their demographic information. The following segments 

elaborate on how the participants were recruited, the context, and the intervention task design 

of this study. 

 

3.2.1 The research participants and context 

Twelve pre-service teachers from the Asian Languages and Cultures Academic Group 

at the NTU, NIE, Singapore participated in this study. The lecturer knew these participants. 

The lecturer taught them in one of the pre-service teachers’ courses five months before this 

study. Therefore, all pre-service teachers within the same course were invited to participate in 

this study. The invitation was sent via a group chat to the pre-service teachers. Twelve 

participants responded and volunteered to participate in this study. The participants signed the 

consent form to express their voluntary participation.  

All the participants were female. Five (42%) were aged between 26 and 30 years old, 

and the rest (58%) were between 21 – 25 years old. All of them possessed a Diploma in 

Education. They had short stints of teaching experiences in Singapore mainstream schools, 

including a three to six months contract teaching and a ten-week teaching practicum. They 

were undergraduates in the bachelor’s degree in Education who specialized in teaching the 

Chinese language when they participated in this research. 
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The lecturer facilitating this study had nine years of experience teaching Chinese 

language in the Singapore mainstream primary school and four years of teaching experiences 

in this pre-service teachers’ education specializing in leveraging ICT to the teaching and 

learning of the Chinese language. At the time of the study, she had more than ten years of 

experience in the professional development of using education technology for teaching and 

learning for both the pre-service and in-service teachers. 

Before the collaborative lesson design session, the twelve participants were grouped 

into six dyads. They were randomly formed using an online randomisation tool 

(https://www.randomlists.com/team-generator). As shown in Figure 3.2.1a, all the participants’ 

names were copied and pasted into the “Items” box field. This space is the input box for the 

name list, which served as the input to populating the group list during the random group 

generation. The number of groups to auto-generate was indicated under the Groups field where 

the number six was entered. By clicking on the RETURN button, the six groups were randomly 

generated automatically by the online tool.  

 

Figure 3.2.1a. Snapshot on randomizing the participants (pseudonyms). 
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The result of the randomised group formed using the online tool is shown in Figure 

3.2.1b. Although the participants knew each other for about a year, the dyad groupings 

generated were new. Thus, the participants had the opportunity to work with group members 

that they had not worked with before.  

 

Figure 3.2.1b. The participants’ group list (pseudonyms). 

    

3.2.2 The TEL lesson design task 

The task given to all the participants in this study was a TEL lesson design task. The 

task requirements were based on three knowledge components: content, pedagogy, and 

technology knowledge. The content of the TEL lesson design was based on the reading texts 

from the Grade four Chinese language textbook. The pedagogical design was on the reading 

comprehension based on these reading texts. The six reading texts were selected from the 

primary level grade four textbook from the Ministry of Education (MOE) Singapore Chinese 

Language curriculum. All these reading texts had the same numbers of new vocabulary to be 

learned, and they were all narrative texts. Each reading text was allocated to each group 

randomly. The random allocation was based on the sequence of the group number against the 
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reading text chapter number. In this study, the participants would have to bring together the 

content, pedagogies, and technologies to design a TEL lesson for reading comprehension.   

Providing resources at hand helps the participants better grasp the scope of the task and 

the co-constructing of the product during the collaborative learning process (Heo, Lim & Kim, 

2010).  In this study, the resources provided are the two sets of materials, as shown in Table 

3.2.2a. The purpose of these materials aimed to support the participants with the TEL lesson 

design task. These materials were disseminated to the participants before the collaborative 

lesson design session.   

 

Table 3.2.2a.  

Resources for the TEL lesson design 

 Lesson Design Requirement Materials  

1 Five-step Reading 

comprehension guide  

MOE Singapore Chinese Language Syllabus and 

Teaching Guide for Primary Schools© (2015)  

 

2 TEL lesson design TPACK dimensions definitions (Koehler & Mishra, 

2009; Koehler, Mishra & Cain, 2013)  

 

The five-step reading comprehension guide from the MOE Singapore Chinese 

Language Syllabus and Teaching Guide for Primary Schools© (2015) was provided to the 

participants. The guide served as the pedagogy support for the TEL lesson design on the reading 

comprehension segment for the Chinese language in the Singapore primary school. The five-

step reading comprehension is shown in Table 3.2.2b (original text in the Chinese language is 

in Appendix C). 

 

  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

 

91 

Table 3.2.2b.  

The five-steps of reading comprehension based on MOE Singapore Primary School Teaching 

Guide (Translated from the Chinese language) 

Steps Description 

First 

reading 

Students to self-read the reading text, understand the gist of the text. The teacher 

could check for understanding through the questioning technique. 

 

Second 

reading 

Students to self-read the reading text and circle any unfamiliar words. By reading 

with the Hanyu Pinyin (Chinese phonics)’s help, checking the dictionary, 

discussing with peers or teacher, difficult words were eliminated. The teacher 

facilitates, understand students’ learning difficulties, and provide help where 

necessary. After that, the teacher to play the e-reading audio or video to demonstrate 

reading aloud. Students to listen and self-correct pronunciation. Through listening, 

students establish an understanding of the vocabulary and the gist of the passage. 

 

Third 

reading 

The teacher will incorporate reading aloud with intonation to guide students in 

understanding each paragraph in-depth and have a deeper understanding of the 

vocabulary. During reading aloud, the teacher can use actions and expressions to 

support text understanding. 

 

Fourth 

reading 

Students to practice reading aloud. The teacher to assign students through turn-

turning to demonstrate reading aloud. The teacher to provide feedback to students. 

 

Fifth 

reading 

The teacher uses different questioning techniques to help students consolidate their 

understanding of the entire reading text. The teacher can assess students' 

understanding and proceed with extended activities on other language skills such 

as listening, speaking, writing. 

 

In addition to the reading comprehension material, the definitions of TPACK 

dimensions from Koehler and Mishra (2009) were also given to the participants to guide them 

with the TEL lesson design. The participants were told that an effective TEL lesson design 
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illustrates how technology can be used in a given task with strong interactions between the 

lesson procedures for content, pedagogy, and technology. The TPACK definitions were 

paraphrased and adapted to the context of the quality lesson design of this study. The adapted 

definitions are shown in Table 3.2.2c.  

 

Table 3.2.2c.  

TPACK dimensions and Definitions (adapted from Koehler & Mishra, 2009) 

TPACK Dimension Definition 

Content knowledge (CK) The quality of the lesson design related to the subject 

matter to be learned or taught 

Pedagogy Knowledge (PK) The quality of the lesson design related to the processes 

and practices or methods of teaching and learning 

Technology Knowledge (TK) The quality of the lesson design is related to the various 

technologies, technological tools, and the ability to use 

their features and affordances effectively.   

Technology Pedagogy 

Knowledge (TPK) 

The quality of the lesson design is related to how 

teaching and learning can change when technologies 

are used in particular ways.  

Pedagogy Content 

Knowledge (PCK) 

The quality of the lesson design is related to the 

pedagogy that is applicable to teaching specific content. 

Technology Content knowledge 

(TCK) 

The quality of the lesson design is related to how 

technology and content influence and constrain one 

another. 

Technological Pedagogical 

Content Knowledge (TPACK) 

The quality of the lesson design emerging from a strong 

interaction among content, pedagogy, and technology 

knowledge. 

 

In this TEL lesson design task, the participants were given the instructions to design 

reading comprehension based on the third reading comprehension step. The third reading 

comprehension step is an in-depth understanding of each paragraph within the reading text. 
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Designing a TEL lesson for the third step of reading comprehension can be complicated as 

there is a wide range of possible pedagogy approaches and technologies. Specifically, the third 

reading comprehension step focuses on the links between vocabulary and reading 

comprehension for deeper understanding. Moreover, the TEL lesson design stemmed from the 

varied possible interactions among technology, pedagogy and content and is open-ended in 

nature. Basically, there is no single correct answer when designing TEL lessons. Each design 

is presumably attributed to each learning context. Designing an effective learning task using 

technology is a complex problem (Goodyear & Retalis, 2010). The task of TEL lesson design 

was to build problem solvers’ capacity to tackle ill-structure problems. Ill-structured problems 

target real-world situations, and problem solvers solve problems like an architect who designs 

a house using one of the standard houses and attempts creativity to create the solution (Simon, 

1977).  Therefore, the TEL lesson design task possessed a wide range of complexities and 

varied possibilities it can afford with many different solutions.  These varied interactions 

required for this task were complex, making it suitable for collaborative lesson design in this 

study.  

In this study, the TEL lesson design included lesson activities that comprised several 

lesson development segments. The participants presented these lesson procedures at the 

individual level (SMCKI Phase One) and the group level (SMCKI Phase Two and Phase Four).  

TEL lesson design referred to the main lesson procedures with the associated technology and 

the learning objectives presented in point form. In this thesis, one lesson procedure refers to 

one complete lesson instruction that could be executed by a teacher or a lesson procedure that 

can be enacted by a student independently. These lesson procedures were crafted based on the 

lesson objectives according to the reading comprehension requirements stated in the Chinese 

language syllabus for the Singapore mainstream primary schools.  

The TEL lesson design aims to craft an initial draft of the TEL lesson procedures to 
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fulfil the targeted lesson objectives. Such lesson design differs from the detailed lesson plan 

commonly crafted by pre-service teachers with elaborated teacher’s instructions and students’ 

possible responses. In addition, the TEL lesson design in this study did not require any design 

prototypes typical of the conventional detailed lesson plan submitted in the pre-service 

teachers’ courses. Instead, this initial draft allowed the lecturer and the participants to identify 

the effectiveness or misalignment of the learning context, pedagogy, and technology 

interactions before the detailed lesson planning. 

 

3.3 Procedure of the study 

The entire collaborative lesson design session was conducted entirely online, facilitated 

by the lecturer. The online communication tool was Zoom, a familiar video-conferencing tool 

for both the lecturer and the participants. The lecturer scheduled a Zoom meeting and invited 

the participants via email one day before the session began. The Zoom platform served as a 

medium to delineate instructions, including the 15 minutes briefing before task commencement 

and verbal instructions before each SMCKI phase and during the transition from one SMCKI 

phase to the next. In addition, the Zoom break-out room also served as an online discussion 

space for the group members during the SMCKI intra-group phases two and four. The lecturer 

managed the time duration of the SMCKI intra-group discussion at Phase Two and Phase Four 

by setting the allocated time using the configuration feature in the Zoom break-out room. This 

configuration feature supported the time management of each SMCKI phase. 

The information related to the collaborative lesson design task was disseminated to the 

participants via email right before the collaborative lesson design session. This information 

includes the dyads grouping information, the assigned reading texts to each group, the materials 

indicated in Table 3.2.2a, and the login information to the AppleTree system. In addition, the 
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requirement to design the TEL lesson for Chinese language reading comprehension was also 

stated in this email.  

All twelve participants participated in the 50 minutes collaborative lesson design 

session. Dillenbourg and Jermann (2010) acknowledged that there could be many constraints 

when implementing CSCL in an authentic setting. Time constraint is one of them.  Since this 

study was situated in an authentic context of one typical tutorial session in a pre-service teacher 

course in NIE, the duration of a 15-minutes briefing followed by the collaborative TEL lesson 

design activity of 35 minutes fitted into such an authentic class setting.  During the 15-minutes 

briefing, the lecturer drew the participants’ attention to the two sets of materials disseminated 

to them before the collaborative lesson design session. Following that, the lecturer explained 

the process of the collaborative lesson design. Figure 3.3a shows the process of the TEL lesson 

design phases within the 35-minutes timeframe.  

 

 

Figure 3.3a. Phases of the collaborative lesson design. 

 

The ten-minute duration for this study for the TEL design phases was referenced upon the study 

by Korde and Paulus (2017) in their experiment at the group level and individual level ideation. 
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Four eight-minute sessions were allocated to individual and group phases in different 

sequences in their study, starting with either group first or individual first. Their eight-minute 

sessions were based on prior unpublished research on the benefits of brainstorming observed 

with this type of timing (Korde & Paulus (2017). The phase sequences were different in this 

study, and adjustments were made to adapt the timings to this study. The ten-minute duration 

is deemed sufficient for the TEL lesson ideation phase since the participants were only required 

to produce the main lesson procedures in point form during each phase. The participants were 

familiar with such ten-minute ideation and discussion based on prior experiences during their 

course work with the lecturer. Therefore, allocating ten minutes to each TEL lesson design 

phase (Phase One, Two and Four) is feasible. As for Phase Three, since each group was 

required to critique only a minimum of one other group, a five-minute duration was sufficient 

for this phase. 

In this research, the participants took on two roles: a designer and a critic of the TEL 

lesson design. The participants took on the designer role during the SMCKI script Phase One, 

while the critic role took action at the SMCKI Phase Three. During the intra-group discussion 

phases at Phase Two and Phase Four, both roles will be at play. At Phase Two intra-group 

synergy, the critique role required all the participants to critically scrutinise the TEL lesson 

design of each member within-group through the lens of a TEL lesson designer. This process 

helped each group synergise their ideas to derive the best quality of all ideas they have to offer. 

During Phase Four refinement, the critic role required all the participants to critically review 

the peer comments given by the members of other groups. Group members were to put on the 

hat of a TEL lesson designer to refine their Phase Two TEL lesson design. 

Once the lecturer completed the briefing on the different SMCKI phases, the 

participants were instructed to construct the TEL lesson design using the three types of bubbles 

on the AppleTree workspace. The sequence of the lesson procedure should form a tree-
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structured TEL lesson design. Traditionally, lesson plans were commonly expressed using 

handwritten notes (Strickroth, 2019). In this study, a tree-structure lesson design is employed 

rather than the traditional text-based representation. This tree structure aimed to depict the key 

lesson procedures in the TEL lesson design. Presenting the lesson design in a tree structure 

could illustrate the inter-relationships between content, pedagogy, and technology components 

in a visual format like a concept map. This tree structure representation is known to support 

the 1) generating of ideas; 2) designing of complex structures; 3) communicating complex ideas; 

4) helping in learning by explicitly integrating new and old knowledge; and 5) enable assessing 

understanding or diagnose misunderstanding (Plotnick, 1997). Working with graphical 

summaries is a promising approach (Merchie & Van Keer, 2016). Besides, the visual 

representation enabled the holistic understanding of complex knowledge in which words alone 

may be limited to convey (Plotnick, 1997). Specifically, in this TEL design, the evaluation 

criteria are the effective interactions between the three components of technology, pedagogy 

and content. Therefore, leveraging a graphical approach could enable representing the complex 

TEL design structure visually. This representation could ease the process of gathering different 

views for analysis and feedback (Strickroth, 2019) during the collaborative lesson design 

phases. 

This instruction was presented using an illustration via a Microsoft PowerPoint slide. 

Figure 3.3b shows the sample illustration of a tree-structured TEL lesson design that the 

participants were tasked to construct on the AppleTree graph-based workspace.  
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Figure 3.3b.  A sample representation of a tree-structured TEL lesson design. 

 

Upon completion of this briefing, the participants logged in to the AppleTree system. 

The participants were familiar with the technical knowledge and the AppleTree system's 

functionalities. Hence, no further training or orientation was required on how to access the 

AppleTree system, construct bubbles within the workspace, and move from one phase to 

another in the AppleTree system. Once all the participants logged into the system, the lecturer 

announced the commencement of the TEL collaborative lesson design session. The following 

section delineates the TEL lesson design representation for the four SMCKI phases on the 

graph-based workspace of the AppleTree system. 
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3.4 TEL lesson design on the technology platform  

The TEL lesson design for all four phases of the SMCKI script took place on the 

AppleTree graph-based workspace. Figure 3.4a shows a screenshot of the tree-structured TEL 

lesson design for SMCKI Phase One using Group one as an example. Both members of the 

same group created the two tree-structured TEL lesson designs. The participants’ names were 

automatically tagged above each bubble by the AppleTree system. However, all the names 

indicated in this thesis were pseudonyms. 

 

Figure 3.4a. SMCKI Phase One representation in the AppleTree system (Group one). 

 

As shown in Figure 3.4a, the participants followed the instructions to present the TEL 

lesson design using the three different types of bubbles in the AppleTree system. Specifically, 

the dark blue ovals (claim bubbles) refer to the lesson objectives for the TEL lesson design; the 

yellow rectangles (evidence bubbles) refer to the TEL lesson procedures, and the light blue 

clouds (idea bubbles) refer to the technology tools for the TEL lesson procedures.  

During the SMCKI Phase One, the participants constructed their individual TEL lesson 

designs on the shared graph-based workspace. The duration was 10-minutes. Thereafter, the 
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lecturer assigned the participants to their Zoom break-out rooms where the dyads could engage 

in verbal discussion while synergising their group TEL lesson design as a new tree structure 

on the shared graph-based workspace. Figure 3.4b shows a complete picture of how the bubbles 

were represented in the AppleTree system for SMCKI Phase One and Phase Two. 

  

 

Figure 3.4b. SMCKI Phase Two representation in the AppleTree system (Group one). 

 

As shown in Figure 3.4b, a new tree structure representing the intra-group synergised 

TEL lesson design was constructed on the same workspace. The three sets of tree structure 

TEL lesson design show the co-existence of SMCKI Phase One and Phase Two within the 

same Ideation & Synergy phase in the AppleTree system. This representation was made 

possible through the collaborative function of the AppleTree workspace, which allowed the 

group members within each group to add, edit, delete and re-position the TEL lesson design. 

The AppleTree system kept all historical records of the participants’ online behaviours, such 

as adds, edits, and deletes. These historical records were important to understand the 

behavioural patterns leading to the TEL lesson design improvements across the four SMCKI 
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phases. As shown in Figure 3.4b, the new synergised TEL lesson design represented the 

synergised Phase Two TEL lesson design constructed by the dyads. This Phase Two TEL 

lesson tree structure would be exposed to other groups for inter-group peer critique during 

SMCKI Phase Three. To ensure that the other group members know which set of TEL lesson 

design to comment on during SMCKI phase three, the participants were instructed to insert the 

phrase “Synergised version” in the blue bubble of the Phase Two TEL lesson tree structure.   

Figure 3.4c shows the SMCKI Phase Three’s representation in the AppleTree system. 

During Phase Three, each group could access the graph-based workspace of all other groups 

except their own group’s workspace. For example, as shown in Figure 3.4c, Group one’s TEL 

design artifacts were displayed in Group two’s graph-based page under the participant Ida’s 

graph-based page. During this phase, the lecturer instructed the groups to critique at least one 

group. However, there were no restrictions on which group the participants could critique. 

Hence, they were free to select any groups from the dropdown list to view and critique.  

 

 

Figure 3.4c. SMCKI Phase Three representation in the AppleTree system (Group one). 
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The participants can perform their peer critique by clicking on any of the bubbles to 

give their comments. The lecturer reminded the participants to state their opinion using the 

emoticons and elaborate the supporting reason for their opinion using the “Explain why” box. 

Peer comments in the AppleTree system were anonymous to the participants but not to the 

lecturer. This feature was known to the participants and reiterated during the briefing. The 

participants were also reminded to perform the peer critique by referencing the two sets of 

materials. These materials helped align the content and pedagogy to the task, ensuring that they 

could emerge the TEL lesson design with a high-quality interaction among the content, 

pedagogy, and technology knowledge.   

After completing Phase Three peer critique, the lecturer switched the phase switch in 

the AppleTree to the Refinement phase. Figure 3.4d shows the SMCKI Phase Four’s 

representations in the AppleTree system. During the refinement phase, dyads within each group 

could view the peer comments given by other group members to refine their synergised TEL 

lesson design. The completion of this phase signified the ending of the TEL lesson design task. 

 

Figure 3.4d. SMCKI Phase Four representations in the AppleTree system (Group one). 
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3.5 Data collection 

The participants' generated artifacts were collected and examined to answer the two 

research questions for this study. The data source was from the AppleTree system. Several data 

types were collected from this same source. These data types and how were the data collected 

were elaborated as follows.  

First, the TEL design artifacts were collected by downloading the AppleTree system 

report, Report A. The format of this report was in Microsoft Excel. Figure 3.5a shows an extract 

of AppleTree Report A illustrating Group two’s process logs generated during SMCKI phases 

one, two and four. The data printed in this report included the claim, evidence, and idea 

bubbles. Each process log was automatically tagged with a timestamp captured by the 

AppleTree system, which recorded the system time when the online behaviour occurred.  

 

 

Figure 3.5a. TEL lesson design process logs from the AppleTree report A (Group two). 

  

As shown in Figure 3.5a, this report was printed in the sequence of the AppleTree 

phases. The sequence of printing was first by the Ideation & Synergy, followed by the 

Refinement phase. Two blank rows automatically segregated the separation between the 
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AppleTree Ideation & Synergy and the Refinement phase during the report generation by the 

AppleTree system. Within each printed AppleTree phase, the rows were sorted by timestamp 

according to the content type (Claim, Evidence, and Idea) and its related bubbles linked via the 

arrows between the bubbles. Assuming more than one bubble was linked to a source bubble, 

the sequence of the linked bubbles in the report would be sorted by the system timestamp. Each 

row in this report represented one bubble in the graph-based workspace. The connection 

between the bubbles was shown via the Relationship field. The content of each bubble was 

extracted from the Content field for analysis. Since the SMCKI Phase One and Phase Two 

happened within the AppleTree Ideation & Synergy phase, identifying the transition from 

SMCKI Phase One to Phase Two was based on the timestamp of the first bubble created for 

the Synergised TEL lesson design. This identification required human judgement. 

From the AppleTree refinement segment shown in Figure 3.5a, the AppleTree system 

would automatically print the content in red-coloured text for any new bubbles or edits 

(refinements) made to the bubbles during the Refinement phase. The rows in black text, 

together with the rows in the red-coloured text, were all the bubbles present on the AppleTree 

graph-based workspace at the end of the AppleTree refinement phase.  

The second data set was the process log which was the historical edits on every bubble 

from the AppleTree graph-based workspace. The historical edits referred to the revision made 

to the content of the bubbles on the AppleTree system. The historical edits were retrieved by 

clicking onto every bubble in the AppleTree graph-based workspace to extract the historical 

details. Figure 3.5b shows an example of the historical edits for one of the bubbles in Group 

two’s graph-based workspace. The light grey box shows the content of the TEL lesson 

procedures of the clicked bubble. The content listed under the History box shows the historical 

edits with the participant's name and the system timestamp. The content listed under the 

Comment box shows the peer comments given to this bubble with the name of the participant 
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and the system timestamp. This data collection will be elaborated at the third set of data 

collected. 

 

 

Figure 3.5b. Historical edits from one bubble in the AppleTree graph-based workspace 

(Group two). 

 

These historical edits were extracted from the AppleTree system and combined with 

Report A. The combination process was done by sequencing the process logs according to the 

timestamp of each event. With that, the process log file is created. This process log file 

comprised a sequential list of all the events in the AppleTree system. This sequential list of 

events that entailed the SMCKI scripted process was logged according to the timestamp of the 

events.   

The third set of data collected was peer critique data. This set of data was collected by 

downloading the AppleTree Report B through the AppleTree system. Figure 3.5c shows the 
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peer critique data retrieved via the AppleTree Report B in Excel file format. Like Report A, 

each process log was tagged with the participant’s name who provided the peer comment and 

a timestamp that recorded the time of the online behaviour. The content in the reports was 

sorted by timestamps. Each row in this report referred to one peer comment contributed by one 

participant. As shown in Figure 3.5c, the User ID field refers to the participant who contributed 

the peer comment. The Group ID refers to the group that received the peer comment. The 

source ID refers to the label of the commented bubble. The Rate Content field captured the 

peer comment content, which was the content extracted for analysis.  

 

 

Figure 3.5c. AppleTree Report B (Group two). 

 

Finally, the snapshots of the graph-based workspace for each group were captured to 

supplement the interpretation of the relationship between the bubbles (TEL lesson design 

represented by the tree structure). The AppleTree system automatically captured the snapshot 

of each AppleTree phase (Ideation & Synergy, Peer critique and Refinement) at the switch of 

each phase. Since the SMCKI Phase One and Phase Two were both within the AppleTree 

Ideation & Synergy phase, the snapshot at the end of SMCKI Phase One was manually captured 

using the computer's print screen function before the commencement of SMCKI Phase Two. 

Examples of these snapshots were shown in Figures 3.4a to 3.4d. Table 3.5a summarises the 

data collection plan and its association with both the research questions.  
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Table 3.5a.  

Data Collection Plan. 

 Data type and Sources  

 TEL design artifacts 

from AppleTree 

Report A and 

snapshots of each 

AppleTree phase 

(AppleTree Ideation 

& Synergy, phase 

Peer critique phase, 

Refinement phase) 

Peer comments 

from AppleTree 

Report B 

(AppleTree Peer 

critique phase) 

Process Logs from 

AppleTree Report 

A and historical 

edits (AppleTree 

Ideation & 

Synergy, phase 

Peer critique 

phase, Refinement 

phase) 

Data Collection Point After each SMCKI phase  

 

Research Question 

1. Does the SMCKI 

support pre-service 

teachers in 

improving the 

quality of their TEL 

lesson design? 

✓   

Research Question 

2. How did the TEL 

lessons designed by 

pre-service teachers 

improve throughout 

the SMCKI phases? 

✓ ✓ ✓ 

 

The data collected were cleaned up before coding. To measure the TEL lesson design's 

performance outcome, the TEL design artifacts from the AppleTree system were coded using 

the TPACK coding scheme and quantitatively counted for analysis. The snapshots 
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supplemented the judging of the TPACK interactions during the TPACK coding process. The 

process logs enabled the examination of the behavioural patterns across the SMCKI script. The 

peer comments were coded using the Peer critique coding scheme to examine its effect on the 

SMCKI Phase Four refinement. 

 

3.6 Data Analysis Methods 

This study aimed to examine the process and outcome of collaborative knowledge 

improvement across the four phases of the SMCKI script. Analysis of change processes in 

individuals’ learning and groups’ participation for knowledge improvement is one central 

concern for CSCL (Reimann, 2009). However, analysing the interactions between group 

influences and individual pre-requisitions in CSCL settings is complex (Cress, 2008). Hence, 

when the technologies make new forms of collaborative learning possible, it could better 

facilitate the study of collaborative learning interactions (Ludvigsen, 2016). In this study, both 

the processes with outcomes were analysed. Quantitative and qualitative data analysis 

techniques were adopted to analyse the collected data.  

 To answer the first research question, content analysis was adopted to analyse the core 

data, namely, the TEL design artifacts. This analysis was commonly used to analyse transcripts 

of asynchronous, computer-mediated discussion groups in CSCL settings (De Wever, 

Schellens, Valcke & Van Keer, 2006). It is characterised as a systematic and objective 

procedure for describing communication (Rourke & Anderson, 2004). In this study, applying 

content analysis on the TEL lesson design artifacts can help examine the collaborative 

knowledge improvement outcome of the participants. In CSCL, an artifact conveyed some 

pedagogical intent, which the participants use according to its intended purpose (Lonchamp, 

2012). By analysing the artifacts via the content analysis technique, the transformation of 

qualitative aspects of text information into manipulable codes can be treated by quantitative 
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procedures (Clarà & Mauri, 2010). The coded results can reveal the complex interactions that 

transpired between the individuals and group, including the meaning that were embedded in an 

artifact according to the person’s thoughts (Stahl, 2004). Therefore, by analysing the content 

of the TEL lesson design artifacts, the SMCKI script's effectiveness can be illustrated by the 

outcome of the collaborative knowledge improvement outcome produced by the TEL lesson 

design generated at the individual and group level. The presented quantitative results aimed to 

demonstrate if the SMCKI script was effective in improving the quality of pre-service teachers’ 

TEL lesson design across each SMCKI phase.  

To answer the second research question on how the TEL lesson design was improved 

throughout the scripted SMCKI Phase One, Phase Two, Phase Three and Phase Four, the 

quantitative lag sequential analysis and the qualitative uptake analysis were adopted. Through 

the detailed process analysis via the mixed-method data analysis, the data within the 35 minutes 

duration was rich and sufficient to understand the collaborative learning process across the 

SMCKI script. 

Specifically, lag sequential analysis examined the online behaviour sequences when 

pre-service teachers engaged in TEL lesson design. Behaviour sequence refers to the sequences 

of learners’ interaction behaviours (Wong, Khalil, Baars, Koning, & Paas, 2019). Such 

behavioural patterns would consist of a series of events in sequential progression. In this study, 

the series of events include adding and editing behaviours on the bubbles in the AppleTree 

system that the participants act upon to improve the quality of the TEL lesson design. Exploring 

the sequence of events could help understand the exact path pre-service teachers took towards 

improving the TEL lesson design, which would inform the effectiveness of the SMCKI script.  

The term event used in this study was adopted from the event definition by Suthers 

(2006a), indicating that an event is one action taken by one of the participants. In this thesis, 

each event is referred to as an action performed by one participant in the AppleTree graph-
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based workspace. Such actions can include adding a new bubble, editing on a bubble, deleting 

a bubble, or commenting on a bubble during the inter-group peer critique phase.   

Learning that occurs on both the cognitive and social levels can be measured by various 

data analysis methods (Dado & Bodemer, 2017). However, research studies that used 

information in the order and duration of events were comparatively few (Reimann, 2009). 

Further, Lämsä, Hämäläinen, Koskinen, Viir and Mannonen (2020) too proposed analysing 

temporal aspects of TEL processes by introducing the temporal lag sequential analysis 

technique and in combining it with temporal log data analysis. In essence, lag sequential 

analysis (Sackett, 1979, 1980) enables the researcher to explore and summarize cross-

dependencies interactions between behavioural patterns that occur in complex interactive 

sequences of behaviour (Faraone & Dorfman, 1987). It allowed the examination of the 

behavioural sequence of one certain behaviour followed immediately by another. This 

quantitative method for characterizing and analysing the temporal patterns responded to the 

call for a greater focus on temporality, especially in the CSCL environment (Kapur, 2011).  

The following analysis method that illustrated the participants’ uptake behaviour was 

the uptake analysis. This method complemented the lag sequential analysis. It enabled the 

examination of the improvement traces beyond the immediate events illustrated by the lag 

sequential analysis. Specifically, the significant behavioural patterns provided by the lag 

sequential analysis served as the basis for the uptake analysis. The uptake traces illustrated in 

alignment with the significant behavioural patterns provided an in-depth understanding of how 

the participants improved their TEL lesson design across the SMCKI phases.  

Uptake analysis can be applied to the wide variety of temporal, spatial, and social scales 

of online activities (Suthers, Dwyer, Vatrapu & Medina, 2007). Suthers and Rosen (2011) 

proposed to use an analytic hierarchy that supports multiple levels of analysis through 

abstraction of log files to directed graphs to observe relationships (contingencies) between 
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events, serving as interpretation to evidence of interactions and possible influences between 

actors. The uptake analysis results were presented qualitatively using uptake graphs to show 

how the participants progress to reach a higher quality of the TEL lesson design and how 

knowledge improvement took place across the SMCKI phases. By employing the uptake 

analysis, how SMCKI enabled knowledge shared among the participants to be taken up, which 

led to knowledge improvement, can be explicitly illustrated. By analysing the uptake traces, 

the process of collaborative knowledge improvement can be traced through 1) how the ideas 

are developed as they move through socio-technical networks; 2) how people acquire their 

roles in such networks; and 3) how technological artifacts mediate these transformations of 

people and ideas as the artifacts move through networks and are themselves transformed 

(Suthers & Medina, 2011). 

 Since applying different analysis methods to identical data sources was one manner of 

mixed-method (Jeong, Hmelo-Silver & Yu, 2014), the data used to present the lag sequential 

analysis and the uptake analysis was from the same data source. While the lag sequential 

analysis examined the participants' immediate events, the uptake analysis helped trace the 

artifacts from one phase to the next, showing how the SMCKI script addressed both the social 

and cognitive aspects for supporting knowledge improvement. These two analysis methods 

served to provide an in-depth analysis of knowledge improvement across the SMCKI scripted 

phases. Mixing these two analysis methods has the potential of exposing the unique differences 

or meaningful information in a study, which may otherwise have remained undiscovered 

(Thurmond, 2001).  
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3.7 Coding Schemes and the coding process 

There were three coding schemes used in this study to code the data. The data included 

the TEL lesson design from SMCKI phases one, two and four, the peer critique data from 

SMCKI Phase Three, and the process logs. These process logs were the historical edits made 

to the TEL lesson design bubbles during SMCKI phases one, two and four. 

The TPACK coding scheme was used to code the quality of the TEL lesson design from 

SMCKI phases one, two and four, while the Peer critique coding scheme was used to code the 

comments from Phase Three. Coding schemes are generally specific to each CSCL 

environment and could be defined using a three-step procedure (Beers, Boshuizen, Kirschner 

& Gijselaers, 2007). The three steps were 1) Identification of codes; 2) Identification of code-

specific communication characteristics and segmentation; and 3) Development of coding rules 

to achieve reliability (Beers, Boshuizen, Kirschner & Gijselaers, 2007). Details on how the 

coding schemes were defined are elaborated on at each coding scheme.  

The collaborative knowledge improvement behaviour coding scheme was derived 

based on the type of event that would take place within the AppleTree system when the 

participants engaged in the collaborative lesson design as stipulated via the procedure of the 

study. Defining this coding scheme was based on the technical functionality of the AppleTree 

system in alignment with the procedure of the study. This coding scheme was used to code the 

process logs for the lag sequential analysis. Table 3.7a illustrates the coding scheme for each 

data type, the unit of analysis and its relationship with the research questions.  
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Table 3.7a.  

Relationship of data type, coding scheme, unit of analysis and research questions 

Data type Coding scheme Unit of analysis 
Research 

Question 

TEL lesson 

design from 

SMCKI phases 

one, two and four 

TPACK coding scheme 

One complete TEL lesson design 

from the bubbles in the 

AppleTree system 

 

1 

Peer comments 

from SMCKI 

Phase Three 

Peer critique coding 

scheme 

One peer comment on each 

bubble from the AppleTree 

system exclusively segmented to 

the critique dimensions (support, 

suggestion, rebuttal, query)   

 

2 

 

 

 

 

 

Process logs from 

SMCKI phases 

one, two and four  

Collaborative 

knowledge 

improvement behaviour 

coding scheme 

One TEL lesson design bubble in 

the AppleTree system and the 

historical edits for each bubble in 

the AppleTree system, sorted by 

timestamp and segmented into 

lesson procedures. 

 

2 
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3.7.1 The TPACK coding scheme 

The TPACK coding scheme for this study was defined by following the three-step 

procedure (Beers, Boshuizen, Kirschner & Gijselaers, 2007). The first step was to define the 

codes (Beers, Boshuizen, Kirschner & Gijselaers, 2007). TPACK is a well-acknowledged and 

dependable guide to evaluate the quality of TEL lesson design (Chai, Koh, Tsai & Tan, 2011; 

Koh, 2013). By extracting the TPACK definition from Koehler and Mishra (2009) and Koehler, 

Mishra & Cain (2013), the wordings for the TPACK coding scheme were established. Since 

outcome measures can provide specific information of what pre-service teachers can do with 

technology in their TPACK development (Agyei & Keengwe, 2014), the quality of each TEL 

lesson design for the TPACK dimension was measured by a ten-point scale ranging from one 

to ten, with one being the lowest quality and ten being the highest quality (see TPACK coding 

scheme). The wordings used in explaining each scale took reference from the rubric for 

assessing TPACK for meaningful learning with ICT (Koh, 2013) and Technology Integration 

Assessment Rubric (Harris, Grandgenett & Hofer, 2010). Although these two rubrics were 

proven to be reliable and have been used to help assess the quality of technology integration in 

lesson plans, the rubrics were developed with a different stance (e.g., more pedagogically 

inclusive). Therefore, the original TPACK definition with the full integration of all three 

knowledge dimensions in the TPACK framework was adopted for assessing the quality of the 

TEL lesson design in this study. 

The second step was to identify code-specific segmentations (Beers, Boshuizen, 

Kirschner & Gijselaers, 2007). The TEL lesson artifacts were coded by the ten-point scale of 

the TPACK coding scheme. Judgement is crucial for reliability. Wordings were refined over 

successive coding trials by the researcher and the coders during the coding process — this 

refinement help to achieve clarity in the coding scheme for subsequent coding. As mentioned 

in the procedure of the study in section 3.3, the participants created the TEL lesson procedures 
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using the bubbles in the AppleTree collaborative graph-based workspace. During the coding 

process, the content in each bubble was retrieved for segmenting to individual lesson 

procedures before coding the quality level. The next coding step is important since it is 

contingent upon human judgment during the segmentation and coding process. The third step 

was to define rules to apply the coding scheme reliably (Beers, Boshuizen, Kirschner & 

Gijselaers, 2007). When human coders perform coding of data instead of automated measuring 

devices, the evaluating, categorising, scaling, or judging the objects or units of analytical 

interest they face may affect the coding outcome (Gwet, 2014). Sound judgement and the right 

interpretation according to the scale and the TEL lesson design context were crucial.   

Before hand-coding of the data, rules were established between both coders. The rules 

defined for this study were as follows: The segmentation would be first conducted 

independently and cross-checked between the researcher and the assistant coder. A discussion 

would take place if the segmentation differed. The coding of the TPACK dimension followed 

subsequently. An inter-rater reliability check will be computed before the discussion. Cases of 

dissent will be surfaced for discussion to reach an agreement. Re-coding would take place, and 

the inter-rater reliability will be computed again. In order to code the data, the AppleTree 

reports were collected, cleaned up and arranged into the Excel worksheets to prepare for 

content coding. A review was made on literature from past TPACK research studies to decide 

on the TEL lesson design scoring using the TPACK coding. Studies on TPACK performance-

based evaluation rubrics used the interactions of the TPACK components to compute the 

quality of TPACK lesson design (Abbitt, 2011; Harris, Grandgenett & Hofer, 2010). The 

TPACK performance scoring for this study was concerned with the overall TEL lesson design 

quality based on the interactions among the three components, technology, pedagogy, and 

content, rather than the discrimination of each component.  Scoring on the interactions of the 

three components could give a better understanding of the quality of the TEL lesson design 
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based on the “mastery underpinning TPACK through the implication that high technology 

integration results from high levels of, and interactions between, technological, pedagogical, 

and content” (Cavanagh & Koehler, 2013, p. 133). Moreover, literature reviews related to 

TPACK reveals a general lack with studies that focused on examining the interactions between 

these components compared to the measurement of the individual components (Archambault 

& Crippen, 2009; Cavanagh & Koehler, 2013). Therefore, the scoring arising from the 

interactions between the three components, technological, pedagogical, and content, was 

deemed apt and was adopted to compute the quality of the TEL lesson design in this study. 

The choice for the unit of analysis of the content analysis is dependent on the context 

(De Wever, Schellens, Valcke & Van Keer, 2006). In this study, the unit of analysis for the 

TPACK coding scheme was a complete TEL lesson design. The score for each TEL lesson 

design was derived from the TEL lesson procedures measured by the TPACK dimension.  Since 

the researcher and the assistant coder hand-coded the data, it is essential to ensure that the 

coding scheme used in this study was sound in reliability. 

Inter-rater reliability is reckoned as the primary test of objectivity and is regarded as a 

critical concern in content analysis (De Wever, Schellens, Valcke & Van Keer, 2006). It 

helped to understand the extent to which the ratings from a group of judges hold together to 

measure a common dimension (Stemler, 2004). To ensure inter-rater reliability on the coding 

scheme, Cronbach alpha was applied to the TPACK coding scheme. Gwet (2014) 

recommended either the number of subjects or the percentage of agreement from a previous 

or pilot study to estimate the sample size for inter-rater reliability. In this study, all subjects 

were selected for coding to ensure optimal precision. The coding trial was conducted with the 

researcher and the assistant coder. Initially, the researcher trained the assistant coder to use 

the coding scheme by explaining how to judge the quality of the TEL lesson procedure. The 

assistant coder and the researcher independently coded the segmented TEL lesson design 
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procedures. Two blank Microsoft Excel templates were created to record the coding results. 

In most coding scenarios, different coders may have the same understanding but could have 

different perceptions of a coding definition. In cases where reliability cannot be achieved, 

discussing dissent cases between coders helped establish intersubjectivity (Beers, Boshuizen, 

Kirschner & Gijselaers, 2007). Therefore, the coded results were reviewed to surface all 

differences that arose during the coding process. Selected dissent cases that arose due to the 

difference in the scaling level were discussed and reconciled between the assistant coder and 

the researcher. To ensure clarity to the coding scheme, refinement to the wordings of the 

coding scheme were made after each discussion session. Re-coding took place thereafter. The 

data coding was finalized after three rounds of coding.  The following shows two examples of 

dissent cases (translated from the content in the bubbles from its original Chinese language). 

Case one was given a scoring of three by coder A and two by Coder B. This case was 

taken for discussion as it crossed between two different scale ranges. The difference in scoring 

between the scale range 1-2 and 3-4 was using technology platform Xuele is a teacher-centred 

approach rather than a student-centred approach. However, the interactions between the 

technology platform Xuele encompass the content to be taught and the pedagogy that follows. 

The pair-talk is closely related to the listening of the content from Xuele, which aims to help 

students engage in the discussion of the comprehension questions to achieve the lesson 

objective. Although the TEL lesson design quality is weak, content, pedagogy, and technology 

interactions do not constitute the lowest scale range of “very weak interactions”. Hence, the 

final consensus score given to this TEL lesson design was three. 

Case one: TEL lesson design from Ida (Group two)  

Lesson Objective: 

To understand paragraphs 4 & 5: Students can understand the content of the passage 

and the reason why Lihua blushes 
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Lesson Procedure 

- Teacher play xuele for students to listen 

- Teacher to let students engage in pair-talk 

- Students to find out the reason why Lihua blushes from paragraphs 4&5 

     Questions for discussion: 

     Para 4: Why did Lihua lower her head, her face red like tomato? 

     Para 5: Why did Lihua blush again? Is the reason for the two blushing incidents the 

same? Why? 

 

Case two was given a scoring of four by coder A and five by Coder B. Similar to case 

one, this case was discussed as it crossed between two different scale ranges. The difference 

in scoring between the scale range 3-4 and 5-6 was due to the varied numbers of technology 

platforms used in this TEL lesson design. The many platforms in the TEL lesson design could 

have caused an illusion of the effective use of technology tools to engage students in their 

learning. For example, while the Xuele is played as a video to engage students in the learning 

text, its transition to the Nearpod platform may be too abrupt. This procedure is followed 

immediately by students acting out a script in groups before switching to the AppleTree 

platform for group discussion. The switching between too many technology platforms and 

pedagogical approaches could be daunting for students. Although the affordances of 

technology were used appropriately, it could not constitute strong interactions among content, 

pedagogy, and technology interactions. Hence, the final consensus score given to this TEL 

lesson design was four. 
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Case two: TEL lesson design from Phase four (Group five) 

Synergized Lesson Objective: 

1. Students can understand the content of each paragraph  

2. Students can read the text fluently 

Lesson introduction 

1. Let students listen to the sound of copper coins (literally) 

2. Teacher plays the xuele video of the learning text 

3. Teacher use Nearpod to engage students in reading comprehension 

4. Students split into groups to act out the story (script) 

 5. Teacher to group students and use AppleTree for group discussion, answer questions 

(Each group in charge of one paragraph) 

6. Each group engage in inter-group critique  

7. Teacher concludes with explanations and reveals the answers 

A typical guideline found in the literature to evaluate the quality of inter-rater reliability 

based upon consensus estimates is 70% or greater (Stemler, 2004). The inter-rater reliability 

for the TPACK dimensions (Cronbach alpha) was 0.75. The TPACK coding scheme is 

illustrated in Table 3.7.1a.  
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Table 3.7.1a.  

TPACK coding Scheme. 

TPACK Scale 

Definition 1-2 3-4 5-6 7-8 9-10 

The quality 

of the TEL 

lesson is 

based on the 

interactions 

among 

content, 

pedagogy, 

and 

technology 

dimensions 

The 

interactions 

among 

content, 

pedagogy 

and 

technology 

in the TEL 

activities are 

very weak. 

The 

interactions 

among 

content, 

pedagogy 

and 

technology 

are relatively 

weak in the 

TEL 

activities. 

The 

interactions 

among 

content, 

pedagogy 

and 

technology 

are relatively 

strong in 

most aspects 

of the TEL 

activities. 

The 

interactions 

among 

content, 

pedagogy 

and 

technology 

are strong in 

most aspects 

of the TEL 

activities. 

The 

interactions 

among 

content, 

pedagogy 

and 

technology 

are very 

strong and 

evident in 

every aspect 

of the TEL 

activities. 

 

 

3.7.2 The Peer critique coding scheme  

The peer critique coding scheme served to code the participants' peer comments 

collected from the SMCKI inter-group peer critique phase. The following delineates the three-

step procedure (Beers, Boshuizen, Kirschner & Gijselaers, 2007) to derive the peer critique 

coding scheme. Firstly, the codes for this coding scheme were defined by referencing the 

coding schemes from Clark & Sampson (2007) and Jeong, Clark, Sampson and Menekse 

(2011). The codes defined in these coding schemes, such as propose, support, and critique, 

aimed at providing insights into how the participants support and challenge the TEL lesson 

design ideas during the inter-group peer critique phase. The four types of peer comments, 

namely “Support, Suggestion, Rebuttal, Query and Off-task”, were adopted as the dimensions 
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and wordings were re-defined to form the Peer critique coding scheme for this study.  

 Each peer comment posted at the peer comment box in the AppleTree system was 

extracted and segmented into one of the dimensions: support (supportive comments), 

suggestion (comments that gave alternatives to enhance the TEL lesson procedures), rebuttal 

(comments that disagreed with the TEL lesson procedures), query (comments that sought 

clarifications on the TEL lesson procedures) and off-task (comments that were not related to 

the context). Subsequently, each segmented comment was examined to determine the depth of 

elaboration using three scale levels. The three-point scale in the peer critique coding scheme 

ranged from one to three, with one being the least elaboration level and three being the highest 

level of elaboration. The depth of elaboration helped to assess the quality of the peer comments. 

Elaboration was vital in peer critique as it served as an important support to idea improvement 

at Phase Four refinement. The research study from Kim (2009) showed that receiving 

elaborated feedback led to higher metacognitive awareness, resulting in higher performance. 

Such elaboration was characterised by relating new ideas and concepts to that which was 

already known, making it more meaningful in a personal way, and expanding it in multiple 

ways, such as adding more details, giving examples, making analogies, creating visualisations, 

and predicting outcomes (Fischer, Kollar, Mandl & Haake, 2007). Hence, analysing the 

collected peer comment, specifically the depth of elaboration, can help examine how the TEL 

lesson was refined during SMCKI Phase Four. Table 3.7.2b illustrates the coding scheme.  
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Table 3.7.2a.  

Peer critique coding Scheme. 

 Scale 

Dimension Definition 1 2 3 

Support 

 

Comments 

that are 

objective and 

supportive 

Support without 

any pieces of 

evidence or 

reasoning. 

Offer support with 

sparse evidence or 

reasoning. 

Offer support with 

elaborated 

evidence or 

reasoning. 

Suggestion 

Comments 

that offer 

suggestions 

for 

improvement 

Offer suggestions 

with just 

keywords without 

any pieces of 

evidence or 

reasoning. 

Offer suggestions 

with sparse 

evidence or 

reasoning. 

Offer suggestions 

with elaborated 

evidence or 

reasoning. 

Rebuttal 
Comments 

that disagree. 

Attack an 

explanation 

without any pieces 

of evidence or 

reasoning.  

Attack an 

explanation with 

sparse evidence or 

reasoning. 

Attack an 

explanation with 

elaborated 

evidence or 

reasoning. 

Query 

Comments 

that ask for 

clarification  

Asking for 

clarification 

without any 

relevant pieces of 

evidence or 

reasoning.  

Asking for 

clarification with 

sparse evidence or 

reasoning. 

Asking for 

clarification with 

elaborated 

evidence or 

reasoning. 

Off-Task 

Veer off-task 

(e.g., “Nice 

haircut”) 

The comment 

does not relate to 

the context but is 

neutral in nature. 

The comment 

does not relate to 

the context but is 

negative in nature. 

The comment 

does not relate to 

the context but is 

positive in nature. 
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The final step was to indicate rules to apply the coding scheme reliably. Similar to the 

TPACK coding scheme rules, the assistant coder and the researcher coded the peer comments 

independently. Segregating the content between rebuttal and query was not easy and drawing 

the line between these two dimensions can be ambiguous at times. Several cases of dissent 

were surfaced for discussion to reach an agreement. Re-coding took place, and the reliability 

statistic was re-computed. Cohen’s kappa, commonly employed for the inter-rater reliability 

measure in CSCL (De Wever, Schellens, Valcke & Van Keer, 2006), was applied to the peer 

critique coding scheme. After several rounds of coding and re-coding, there was substantial 

agreement between the assistant coder and the researcher with Cohen’s Kappa value as 0.762. 

It reached an almost perfect agreement after the final round of discussion. The results of the 

coded data excluded the off-task dimension as there was no data under this dimension from the 

collected data. 

 

3.7.3 The collaborative knowledge improvement behaviour coding scheme 

The behaviour of the participants in this study was associated with how the TEL lesson 

design process took place on the AppleTree system graph-based workspace. Therefore, the 

coding scheme for the participants' behaviour was constructed based on the procedure of the 

study and the functions of the AppleTree system when the participants create, synergise and 

refine their TEL lesson design during the collaborative lesson design process across the four 

phases of the SMCKI script. The basic functions at the collaborative graph-based workspace 

during the Ideation & Synergy phase were adding, editing, and deleting the bubbles. In this 

study, the deletion of bubbles associated with TEL lesson procedures did not happen during 

the TEL lesson design process. All the bubbles created were used. If a claim bubble was created 

instead of an evidence bubble, the bubble was converted to an evidence bubble, and lesson 

procedures were edited. That is, the participants edited on whatever bubbles that they created. 
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All events on the AppleTree system, which were the adds and edits events, were extracted and 

merged between the process logs in Report A. The edit events dictate in this thesis comprised 

revision, addition, and deletion of the lesson procedures on the bubbles on the AppleTree 

graph-based workspace.  

The events related to Phase Three inter-group peer critiques were combined with the 

Phase Four intra-group refinement events to connect the two types of refinements. One type of 

refinement that can occur would be responding to the peer comments given by other group 

members. Another possible refinement that could occur would be arising from the knowledge 

gained when viewing the TEL lesson design done by other groups. Therefore, during the coding 

process in identifying the two types of refinement, the coder will create additional columns to 

identify the source of the refinement. Tracing of the semantics was conducted to identify if the 

refinement was a response to the peer critique comments or were the lesson procedures similar 

to other group’s TEL lesson design. Table 3.7.3a shows the coding scheme for collaborative 

knowledge improvement behaviour based on the described events.  
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Table 3.7.3a.  

The coding scheme for collaborative knowledge improvement behaviour. 

Code Event Description and Examples 

I1 Create Individual 

lesson design 

The participant created bubbles for lesson objectives (claim 

bubble), lesson procedures (evidence bubble) or technology 

(idea bubble) during Phase One 

(Examples were translated from the content in the bubbles 

from its original Chinese language) 

Example of lesson objective in a claim bubble (Jane): 

Lesson objective 1. Students can understand the content of 

each paragraph 

2. Students can appreciate the emotion of the passage 

through reading aloud. 

 

Example of lesson procedure in an evidence bubble (Jane): 

Development (2) Teacher and student discuss how to read 

each paragraph with feeling. Student peer-talk, peer 

critique the tone of reading aloud 

 

Example of technology in an idea bubble (Jane): 

Appletree 

 

I2 Edit individual 

lesson design 

The participant revised the bubbles created in I1 

 

S1 Lead in group 

synergy TEL 

lesson design 

The participant created new bubble(s) during Phase Two, 

which were not directly related to the individual ideation phase 

 

S2 Copy TEL lesson 

design directly 

from Individual 

lesson design 

The participant created new bubble(s) and copied information 

directly from Phase One bubbles without any changes 
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Code Event Description and Examples 

S3 Adopt TEL lesson 

design from 

Individual lesson 

design and revise 

The participant created new bubble(s) and adopted some of the 

TEL lesson procedures from Phase One bubbles, followed by 

revisions 

 

S4 Edit on new 

Group synergise 

TEL lesson design 

The participant edited on the bubbles created in Phase Two 

from S1 

 

S5 Edit on copied 

Group synergise 

TEL lesson design 

The participant edited on the bubbles created in Phase Two 

from S2, S3 

 

R1 Add or edit new 

information on 

group refined 

TEL lesson design 

that relates to peer 

comments 

The participant made refinement on Phase Four TEL lesson 

design by adding new bubbles or editing existing bubbles were 

related to peer comments 

 

R2 Add or edit new 

information on 

group refined 

TEL lesson design 

that is not related 

to peer comments 

The participant made refinement to Phase Four TEL lesson 

design by adding new bubbles or editing existing bubbles that 

were not related to peer comments 

 

All the process logs were extracted and consolidated into a Microsoft Excel file. The 

process logs file was then sorted by the timestamp tagged to each event. A new column (Event) 

was inserted into the Excel worksheet to allow the coders to indicate the event code as indicated 

in the coding scheme. After all coding was done on the extracted process logs, the data in 

Microsoft Excel was sorted by the participants’ names, followed by the timestamp of the event. 

Figure 3.7.3a shows an extracted segment of the coded process logs.  
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Figure 3.7.3a. Coded process data (included the Event field). 

 

The data coded by this coding scheme served as the input data to generate the sequential 

behavioural sequences across the SMCKI phases. These behaviour sequences were determined 

by calculating the statistical significance of a behaviour sequence that one certain behaviour 

followed immediately by another. The computation of these statistically significant behaviours 

was automatically calculated via the GSEQ5.1 computer program.  This GSEQ program was 

developed specifically for analysing sequential observational data. It is a free program that can 

be downloaded from the following website https://www.mangold-

international.com/en/products/software/gseq. The version downloaded for use in this study was 

GSEQ 5.1. The data processing and the results generation are elaborated in the data analysis 

and findings chapter. 
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3.8 Summary 

The various sections in this chapter set the direction on how the research questions were 

answered. The following table summarizes how each data source and the data analysis methods 

served the research questions. 

 

Table 3.7a.  

Relationship of research questions, data sources and data analysis methods 

Research Question Data Source Data Analysis Methods    

1. Does the SMCKI support 

pre-service teachers in 

improving the quality of their 

TEL lesson design? 

TEL lesson design on 

AppleTree System in 

SMCKI phases one, two and 

four 

• Content analysis 

 

 

2. How did the TEL lessons 

designed by pre-service 

teachers improve throughout 

the SMCKI phases? 

• TEL lesson design on 

AppleTree System in 

SMCKI phases one, two 

and four  

• Process log files with their 

historical edits on the TEL 

lesson design bubbles. 

• Peer comments from the 

AppleTree system. 

• Lag Sequential 

Analysis 

• Uptake Analysis 
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Chapter Four: Data Analysis and Findings  

This chapter discusses the data analysis and the findings of this study according to the 

research questions. To examine the effectiveness of the SMCKI script for research question 

one: Does the SMCKI support pre-service teachers in improving the quality of their TEL lesson 

design? The quality of the TEL lesson design was analysed using the TPACK coding scheme 

across the scripted SMCKI phases one, two and four. 

For research question two, the results were first presented quantitatively via the lag 

sequential analysis to identify the significant sequential behaviour patterns between the events 

when the participants improved their TEL lesson design across the SMCKI script. The lag 

sequential analysis aimed to unravel how the participants improved their TEL lesson design 

throughout the first four SMCKI phases through the significant behavioural patterns. In order 

to further explain how the significant events supported knowledge improvement leading to the 

improved TEL lesson design, the qualitative uptake analysis was conducted to identify the 

uptake traces across the SMCKI phases. The uptake analysis made explicit the traces of how 

pre-service teachers improved their TEL lesson design by taking up the knowledge shared by 

the group members and by the members from all other groups throughout the SMCKI phases. 

Uptake analysis complemented the lag sequential analysis by tracking the sequential 

progression of the uptake traces from one SMCKI phase to the next phase. This analysis would 

provide further insights into how the sequence of the SMCKI collaborative learning phases was 

organized in such a manner that the pre-service teachers were supported in improving their 

TEL lesson design across the four scripted phases. The following sections present the findings 

of each research question. 
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4.1 The SMCKI script did support pre-service teachers in improving the 

quality of their TEL lesson design. 

To answer the first research question, the quality of TEL lesson design at the AppleTree 

graph-based workspace for SMCKI phases one, two and four were measured by content 

analysis. The generated TEL lesson design for all the participants was coded using the TPACK 

coding scheme. From the coded results, a trend analysis was presented. Figure 4.1a shows the 

TPACK mean score and the standard deviation of the TEL lesson design for Phase One, Phase 

Two and Phase Four for all the six groups. There was an incremental improvement in the TEL 

lesson design quality from Phase One to Phase Two and Phase Two to Phase Four. 

 

 

Figure 4.1a. Quality of TEL lesson design (All Groups)  

 

As shown in Figure 4.1a, the Mean Difference scores were computed by the difference 

between Phase Two and Phase One, Phase Four and Phase Two. The positive mean difference 

exhibited improvements in the TEL lesson design quality from Phase One to Phase Two and 
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Phase Two to Phase Four. The improved TPACK score at Phase Two compared to Phase One 

demonstrated that knowledge shared individually during Phase One benefitted the co-

construction of group TEL lesson design at Phase Two intra-group synergy. The mean 

difference between Phase Four and Phase Two is almost double the mean difference between 

Phase Two and Phase One. The higher improvement from Phase Two to Phase Four suggests 

that the inter-group peer critique phase benefitted all the groups with higher gains in 

collaborative knowledge improvement. 

Inter-group peer critique was a critical phase in SMCKI. It encourages knowledge 

improvement through diversified ideas contributed at the class-wide level. As shown by the 

results in Figure 4.1a, the class-wide peer critique benefitted the groups’ knowledge 

improvement, bringing about the greatest improvement in the TPACK level at Phase Four (M 

= 5.7) among all the scripted phases of the TEL lesson design. The improvement of TEL lesson 

design quality from Phase Two to Phase Four by all groups suggested that the SMCKI Phase 

Three inter-group critique effectively helped the groups improve their TEL lesson design in 

Phase Four. These results illustrated that the macro-script SMCKI supported the pre-service 

teachers in improving their TEL lesson design quality at the class level. Next, the impact of the 

SMCKI script on each group was examined.  Figure 4.1b shows each group's TPACK score 

across the SMCKI phases one, two and four. 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

 

132 

 

Figure 4.1b. Quality of TEL lesson design (by Groups) 

 

As shown in figure 4.1b, there was a consistent improvement from Phase One to Phase 

Two for all groups except Group five. However, there was an improvement for all the groups 

from Phase Two to Phase Four. Table 4.1a shows the TPACK score and the score difference 

between phase one and two, Phase Two and Phase Four for the individual groups. The TPACK 

score difference (TD) is computed by the difference between Phase Two and Phase One, Phase 

Four and Phase Two. 

 

Table 4.1a.  

The TPACK score between Phase One and Two, Phase Two and Four (by Groups) 

Group One Two Three Four Five Six 

SMCKI Phase T TD T TD T TD T TD T TD T TD 

One 4.5 
0.5 

 

2.0 

4.0 
1.0 

 

1.0 

3.0 
2.0 

 

1.0 

3.0 
1.0 

 

2.0 

3.0 
0.0 

 

1.0 

3.5 
0.5 

 

1.0 

Two 5.0 5.0 5.0 4.0 3.0 4.0 

Four 7.0 6.0 6.0 6.0 4.0 5.0 
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From the results shown in Table 4.1a, the greatest improvement from Phase One to Two 

was Group three, with a TPACK score difference of 2.0. The lowest improvement was Group 

one and Group six, with a score difference of 0.5. Group two and Group four improved 1.0, 

while Group five had zero improvements to the total TPACK score between Phase One and 

Phase Two. What transpired between the Group five members resulting in no changes in the 

TPACK score for the Phase Two TEL lesson design, will be further elaborated at the uptake 

analysis. 

From Phase Two to Phase Four, Group one and Group four showed the highest score 

difference of 2.0, while the rest of the groups improved 1.0. The highest TPACK score of 7.0 

was from Group one at Phase Four. The only improvement for Group five was from Phase Two 

to Phase Four. This finding suggests the significance of Phase Three during the collaborative 

learning process. Group five members benefited the most during this phase since they did not 

display any improvement in their knowledge during the group level synergy during Phase Two. 

Therefore, collaborative knowledge improvement can be advanced by leveraging the 

knowledge shared from external sources, which were the peer comments (feedback) from other 

groups.   

For most of the groups, the increase in the TPACK score was higher from Phase Two 

to Phase Four compared to Phase One to Phase Two. The greatest improvement gained was 

from Group one (Phase One to two 0.5; Phase Two to Phase Four 2.0), and the next higher 

improvement was from Group four (Phase One to Two 1.0; Phase Two to Phase Four 2.0) and 

Group five (Phase One to Two 0.0; Phase Two to Phase Four 1.0), followed by Group six 

(Phase One to Phase Two 0.5; Phase Two to Phase Four 1.0). The improvement from Group 

two remained the same (Phase One to Phase Two 1.0; Phase Two to Phase Four 1.0), while 

Group three experienced a decline in improvement rate (Phase One to Phase Two 2.0; Phase 

Two to Phase Four 1.0). Despite the difference in the improvement level, the results showed 
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an overall consistent improvement from one phase to the next, with a higher degree of 

improvement from Phase Two to Phase Four. 

 

4.2 The TEL lessons design improvement process across the SMCKI phases 

The quantitative results from research question one demonstrated that the SMCKI script 

could support pre-service teachers in improving the quality of their TEL lesson design. In the 

following two sections, the patterns of the pre-service teachers’ online behaviours were 

examined both quantitatively and qualitatively to answer the second research question, “How 

did the TEL lessons designed by pre-service teachers improve throughout the SMCKI phases?” 

 

4.2.1 The sequential behavioural pattern of events for all the participants 

Before conducting the quantitative lag sequential analysis, the process logs were coded 

to prepare for the analysis. The data used for processing this analysis and the coding process 

was explained earlier in the coding scheme section of this thesis. As the SMCKI Phase One 

and Phase Two was captured within the same phase in the AppleTree system Ideation & 

Synergy phase, the timestamp from the process log served as a marking to separate the content 

between the SMCKI phases one and two. 

To analyse the coded data, all the event codes of each participant were extracted from 

the coded report and arranged chronologically based on the event occurrences. The coded 

sequential events, which were the adding and editing of the bubbles in the AppleTree system, 

were summarized by each participant. These records were formatted into a text file according 

to the required format of the GSEQ 5.1 computer program to prepare for generating the 

statistical results of the behavioural patterns.  

The formatted codes in the text file were imported into the GSEQ 5.1 computer program 

and checked for syntax. Syntax errors such as missing codes were highlighted by the program 
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and corrected. All syntax errors had to be cleared as only the error-free codes can be processed 

by the program. Once the codes are error-free, the program would save the codes in a document 

in the .sds extension. Subsequently, the codes were compiled into a binary file with 

extension .mds by clicking on the compilation button. The function for calculating table 

statistics in GSEQ 5.1 was activated (run) to summarize the frequency of each event and the 

adjusted residual results of transitions. 

Figure 4.2.1a shows the interface of the GSEQ 5.1 computer program. The left panel 

shows the coded data summarized by each participant (.sds). The middle panel shows the 

parameters selected for computation (the function to calculate the table statistics). Finally, the 

right panel shows the program's generated results.  

 

 

Figure 4.2.1a. The interface of the GSEQ5.1 computer program. 

 

The generated results shown in the right panel included the frequency of events and the 

adjusted residual (z-score) results of transitions. These results, as shown in Figure 4.2.1a, were 

in text file format (.txt). Table 4.2.1a shows the generated results of the frequency transition 

for all the participants in the class. The numbers represent the frequency of an event that 
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occurred immediately after another event ended. For example, the frequency of I2 (third row) 

followed by I1 (second column) is 13. 

 

Table 4.2.1a.  

Results of frequency transition for all the participants. 

N I1 I2 S1 S2 S3 S4 S5 R1 R2 Totals 

I1 25 18 2 1 3 0 0 0 1 50 

I2 13 9 1 2 1 0 0 1 0 27 

S1 0 0 4 1 0 1 0 5 1 12 

S2 0 0 1 2 2 0 2 1 2 10 

S3 0 1 2 1 2 0 2 3 0 11 

S4 0 0 1 0 0 0 0 1 0 2 

S5 0 0 0 1 1 0 2 1 0 5 

R1 0 0 1 0 4 1 0 9 1 16 

R2 0 0 1 2 0 0 0 1 2 6 

Totals 38 28 13 10 13 2 6 22 7 139 

 

As shown in Table 4.2.1a, the first column indicates the starting event. The first row 

presents the events that occurred immediately after the completion of the starting event; for 

example, I1 refers to creating bubbles in the individual lesson design. The code S2 refers to the 

copying of TEL lesson design directly from the Individual lesson design. The description of 

the event codes (e.g., I1, S2) was elaborated in the coding scheme section (refer to Table 3.7.3).  

In Table 4.2.1a, the event codes I1 and I1 refer to events that took place during SMCKI 

Phase One individual ideation; event codes S1 to S5 refer to events that took place during 

SMCKI Phase Two intra-group synergy and event codes R1 and R2 refer to events that 

occurred during SMCKI Phase Four intra-group refinement which was the two different events 

during the TEL lesson design refinement. The two different refinement events related to the 

SMCKI Phase Three inter-group critique demonstrated different impacts of Phase Three on 
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collaborative knowledge improvement. Specifically, the refinement could be a result of the 

peer comments from the peer critique process or through personal learning when viewing the 

TEL lesson design of all other groups.   

Drawing reference from the frequency in Table 4.2.1a, there were more joint events 

during Phase One (38 + 28 = 66) and Phase Two (13 + 10 + 13 + 2 + 6 = 44) compared to 

Phase Four (22 + 7 = 29). Phase One signified the commencement of the TEL lesson design 

task, which could be the reason for the higher frequency in joint events. One unique behavioural 

path in Phase Two was the immediate event from the “Copy TEL lesson design directly from 

Individual lesson design” (S2) to the “Refinement of Phase Four TEL lesson design by adding 

new bubbles or editing existing bubbles that were not related to peer comments” (R2). This 

behavioural path implies that when the participants did not collaborate to synergise the TEL 

lesson design in Phase Two, the immediate event that followed would be the further 

improvement of the TEL lesson design at Phase Four.  

To determine if the connection between each sequence reached statistical significance, 

a sequential analysis was conducted. The adjusted residual (z-score) was calculated to check if 

the continuity of the sequence of events reached the level of significance (i.e., Z-score > 1.96). 

This adjusted residual indicates the extent to which an observed joint frequency differs from 

chance (Bakeman & Quera, 2011). A positive value indicates that the observed event is greater 

than chance and negative if the observed is less than chance (Bakeman & Quera, 2011). This 

computation was automatically calculated by the GSEQ 5.1 computer program. The adjusted 

residuals (z-score) table generated by the GSEQ 5.1 program in text file format was copied to 

the Microsoft Excel file. Conditional formatting was applied to all the cells to bold and coloured 

the numbers of those values greater than +1.96. Z-scores greater than +1.96 implied its 

statistical significance (Bakeman & Gottman, 1997). The statistically significant values also 

indicate that the behavioural continuity from a certain row to a certain column had reached 
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statistical significance (p < 0.05). Table 4.2.1b shows the results of the sequential analysis for 

the behaviour of all the participants. The numbers in the table are Z-scores. Z-scores greater 

than +1.96 were bolded in red text to identify the statistically significant behaviours easily. The 

rows indicate starting events, while the columns indicate follow-up events. For example, the 

number 3.49 in the second row and the third column of Table 4.2.1b means that “I1 occurring 

immediately after I2” is significant.  

 

Table 4.2.1b.  

Results of sequential analysis for the behaviour for all groups. 

  I1 I2 S1 S2 S3 S4 S5 R1 R2 

I1 4.49 3.49 -1.62 -1.78 -1.02 -1.07 -1.88 -3.83 -1.23 

I2 2.70 1.90 -1.12 0.05 -1.12 -0.7 -1.23 -1.92 -1.33 

S1 -2.22 -1.82 2.98 0.16 -1.16 2.1 -0.77 2.57 0.55 

S2 -2.01 -1.65 0.07 1.63 1.20 -0.4 2.53 -0.52 2.25 

S3 -2.12 -0.95 1.05 0.25 1.05 -0.42 2.36 1.08 -0.8 

S4 -0.87 -0.72 1.99 -0.40 -0.46 -0.17 -0.3 1.33 -0.33 

S5 -1.40 -1.14 -0.73 1.13 0.83 -0.28 4.00 0.26 -0.52 

R1 -2.61 -2.14 -0.45 -1.18 2.29 1.72 -0.90 4.71 0.24 

R2 -1.54 -1.26 0.63 2.53 -0.80 -0.30 -0.53 0.06 3.24 

 

The statistically significant sequences (i.e., Z-score > 1.96) were transformed into a 

behaviour transition diagram to illustrate the participants’ significant sequential behavioural 

patterns across the SMCKI phases. The behavioural transition diagram is used to illustrate the 

behaviour transition based on all the statistically significant sequences. This diagram enables 

explicitly detailed visualization of the significant behavioural patterns to explain the sequences 

and the knowledge shared across the SMCKI phases. The diagram was constructed manually 

using Microsoft PowerPoint. Only all those sequences that reached significance (z-score > 1.96) 

were included for constructing the diagram.  The numerical values in the figures are the 
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sequences' Z-scores, and the arrow indicates the direction of knowledge sharing of each 

sequence. 

 

Figure 4.2.1b. Behavioural transition diagram (z-score/standard score) for all participants 

 

Figure 4.2.1b shows the behavioural transition diagram. There were 15 significant 

behavioural sequences out of the total number of 139 joint event occurrences. The green circles 

show events related to the individual ideation Phase One. The blue circles indicate events 

related to Phase Two intra-group synergy. Yellow circles refer to the events that occurred 

during Phase Four refinement. These refinement events were related to Phase Three inter-group 

peer critique. The black ring outline on the left-most circle refers to refinement events 

associated with Phase Three peer comments. The other yellow circle without the black ring 

refers to refinements related to the previous SMCKI phases and not related to peer comments. 

During Phase One, the results of the behavioural path were consistent with the study 

procedure of the SMCKI script Phase One and with the instructions given to the participants 

by the lecturer. Specifically, the participants focused on their individual TEL lesson design 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

 

140 

during Phase One individual ideation. Once the individuals created their own bubbles bearing 

the TEL lesson objective, procedures, or technology platform(s) in the AppleTree system, they 

continued working on the bubbles by editing the contents. This event demonstrated that the 

participants were revising their individual TEL lesson design. The repeated events illustrated 

in Figure 4.2.1b by the significant loop I1 demonstrated the events of the participants creating 

bubbles for lesson objectives, lesson procedures and technological tools to support the lesson 

procedures. 

During Phase Two, the two common behavioural path S2→S5 and S3→ S5 were the 

editing of the group’s TEL lesson design information (S5) from the TEL lesson design copied 

directly from individual lesson design (S2) and the adopted TEL lesson design from Individual 

lesson design with revision made (S3). The editing work (S5) happened regardless of direct 

copying or an adaptation with revision made. Two different behavioural patterns were found 

when both S2 (Copy TEL lesson design directly from Individual lesson design) and S3 (Adopt 

TEL lesson design from Individual lesson design and revise) transitioned from Phase Three to 

Phase Four. When the participants copied TEL lesson design directly from their individual 

lesson design (S2), the immediate event followed was a Phase Four refinement that had no 

relation to the peer comments (R2). In contrast, when the TEL lesson design was adapted and 

revised from the individual lesson design (S3), Phase Four refinement was related to peer 

comments (R1). The difference between S2 and S3 was that the adaptation of TEL lesson 

design with immediate revision (S3) was an event that signified that the participants were 

synergising a higher quality group TEL lesson design rather than merely piecing together 

individual TEL lesson design (S2). The collaborative knowledge improvement outcome of this 

behaviour would be further elaborated in the uptake analysis. It was also observed that cyclical 

loops behavioural paths were common during Phase One and Phase Two. The two cyclical 

loop behaviours in Phase Two happened when new information was created (S1) and when 
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edits were made on the TEL lesson design copied or adapted from the individual TEL lesson 

design (S5).  

The transition from Phase Two to Phase Four was the inter-group peer critique in Phase 

Three. The basis for peer critique was the TEL lesson design shared by the participants in Phase 

Two. From the behavioural transition diagram shown in Figure 4.2.1b, the event R1 (Add or 

edit new information on group refined TEL lesson design that relates to peer comments) was a 

result of S1, which were the bubbles created during Phase Two with information not directly 

related to individual ideation. This finding implied that the new ideas created in the intra-group 

synergy phase could invite more knowledge sharing (through peer critique), leading to further 

collaborative knowledge improvement at Phase Four. 

During Phase Four, the refinement of the TEL lesson design could be related to the peer 

comments or learning from the TEL lesson design from the other groups during Phase Three. 

To differentiate the source to Phase Four refinement, two events on Phase Four TEL lesson 

design were coded to identify the different sources. As shown in Figure 4.2.1b, the two different 

behavioural paths that led to Phase Four TEL lesson design improvement were S2 → R2 and 

S3 → R1. In the first path S2 → R2, S2 refers “Copy TEL lesson design directly from 

Individual lesson design”, and R2 refers to “Add or edit new information on group refined TEL 

lesson design that is not related to peer comments”. In the second path S3 → R1, S3 refers to 

“Adopt TEL lesson design from Individual lesson design and revise”, and R1 refers to “Add 

or edit new information on group refined TEL lesson design that relates to peer comments”. 

These two behavioural paths indicate that when knowledge generated during Phase Two was 

related to the individual TEL lesson design, the common immediate event was further 

refinement during Phase Four. These refinements were related to Phase Three peer critique 

events. However, when the information presented was “A new bubble created during Phase 
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Two, which is not directly related to individual ideation” (S1), no significant behaviour 

followed that. 

As shown in the behavioural transition diagram, there were cyclical loops for both 

refinement behaviour during Phase Four that were either related to the contributed peer 

comments or a result of learning from other groups. This behaviour was a shred of evidence to 

the participants’ constant engagement in lesson design refinement. For the behaviour related to 

the inter-group peer critique phase, the immediate event R1 suggested that the participants were 

drawn towards giving comments to revised ideas created during Phase Two intra-group 

synergy. The immediate event for refinement that was made to the TEL lesson design not 

related to Phase Three peer comments (R2) suggested that when the revision was not made 

during Phase Two intra-group synergy, the peer critique phase created the opportunity for 

learning from the other groups. When viewing the TEL lesson design of the other groups, the 

learning opportunity helped the participants improve their TEL lesson design during the 

refinement phase within-group between the group members. This learning process indicated 

that the Phase Three inter-group peer critique benefits the participants by providing multiple 

perspectives via the peer critique process.  

 

4.2.2 The uptake traces for Group two and Group five 

To further examine how the TEL lesson design improved throughout the SMCKI 

phases, descriptive qualitative analysis was conducted to demonstrate the process of knowledge 

improvement throughout the collaborative lesson design. Specifically, the uptake traces of the 

TEL lesson design procedures were examined to help answer research question two. 

The unit of analysis for the uptake analysis was one TEL lesson procedure in the TEL 

lesson design. Since the TEL lesson design within each bubble in the AppleTree system might 

comprise several TEL lesson design procedures, content within each bubble was segmented 
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for conducting the uptake analysis. The lesson procedures were segmented based on one 

instructional procedure that a teacher can independently execute or enacted by a student. The 

segmented lesson procedures were sorted by chronological order within each phase for each 

group. In order to provide a comprehensive view of the type of comments given, the peer 

comments were segmented according to the peer critique dimension (refer to Table 3.7.2a peer 

critique coding scheme). The segmented peer comments were semantically matched with the 

Phase Four TEL lesson design refinement for analysis. To conduct the uptake analysis, the 

process logs generated from the AppleTree system provided the information to illustrate the 

uptake traces in the uptake graphs. 

To demonstrate how the TEL lesson design improved across the first four phases of the 

SMCKI script, the maximum variation sampling method was used to select the groups for the 

uptake analysis. This method was used as the selected cases can help to maximize the diversity 

relevant to the second research question. The variation criterion used was the standard 

deviation of the Phase One TPACK score of each group. This score can reflect the homogeneity 

of each group's TEL lesson design capacity before the collaborative lesson design. Based on 

the maximum variety principle, the two groups were selected to present the detailed uptake 

analysis. The groups with the highest and lowest Phase One TPACK score were Group two 

(SD = 4.9) and Group five (SD = 0.0), respectively. 

The process logs for these two groups were coded and presented using the uptake 

graphs. The construction of the uptake graphs was based on the observable evidence of uptake 

to identify the traces of how the participants improved their TEL lesson design. With these 

graphs, the process of knowledge improvement across SMCKI phases was made explicit and 

visible. These uptake traces showed how the participants took and built upon prior 

contributions across the SMCKI phases to improve their TEL lesson design. Figure 4.2.2a 

shows Group two’s uptake graph for the events from Phase One individual ideation to Phase 
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Two intra-group synergy within a 20-minute duration. In this 20-minute duration, each phase 

was allocated ten minutes of duration equally. 

  

 

Figure 4.2.2a. Uptake graph from Phase One to Phase Two (Group two). 

 

The uptake graph in Figure 4.2.2a was constructed by working backwards from the 

events (actions taken by actors) at the start of Phase Two synergy till the group’s synergised 

TEL lesson design (box with the text “Group two’s synergised TEL lesson design”) was 

finalized, and before Phase Three inter-group critique took place. The top and bottom segments 

of the uptake graph shown in Figure 4.2.2a illustrate the TEL lesson procedures generated by 

Group two participants: Yan (top segment) and Ida (bottom segment). The blue outlined boxes 

refer to the TEL lesson procedures created by Yan, and the brown outlined boxes refer to those 

created by Ida. The participants’ names shown on top of each box illustrate that the TEL lesson 

procedure was created or revised by that participant. 

The black texts refer to the TEL lesson procedures created by the participants during 

Phase One individual ideation but were not taken up for TEL lesson design synergy during the 
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SMCKI Phase Two. Blue texts refer to the TEL lesson procedures generated by Yan that were 

taken up during Phase Two without any revision. Brown texts signify that the TEL lesson 

procedures were from Ida and uptaken during Phase Two intra-group synergy without any 

revision. Red text signifies that the TEL lesson procedures were taken up from Phase One 

individual ideation, with revision made during Phase Two intra-group synergy. The boxes with 

purple bolded texts in the middle segment were the newly created TEL lesson procedures 

during Phase Two with no semantic links to any of the Phase One TEL lesson procedures. 

These new TEL lesson procedures were regarded as new ideas generated by the dyads to 

improve the group TEL lesson design. The new lesson procedure was accorded as the result of 

the intra-group discussion. For ease of representing the two phases within the same uptake 

graph, the light green arrows with “Phase Two” text at the end of both the top and bottom 

segments indicate the end of Phase One. The continuation from Phase One to Phase Two is 

illustrated by the darker green arrow with “Phase Two” text at the middle segment's beginning.  

The arrows between the boxes visualize the contingencies of the events from Phase One 

to Phase Two. According to Medina and Suthers (2009), “a contingency is a way in which 

participants’ actions are observably contingent upon prior actions and their artifact” (p. 282). 

The backward arrows show the Phase Two contingence to Phase One individual ideation, the 

event before it. The forward arrows show the Phase Two synergised TEL lesson design 

contingent on the Phase Two events. Dotted arrows represent the intra-subjective contingencies, 

which were the TEL lesson procedures interactions that took place within the participant 

himself or herself between Phase One TEL lesson design and the Phase Two events. Solid 

arrows represent the intersubjective contingencies where the interactions involved other 

elements (e.g., content drawn from the members of other groups or contribution to the group 

events that is different from personal TEL lesson procedures, which could arise through within-

group discussion).  
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As shown in Figure 4.2.2a, more TEL lesson design procedures were generated by Yan 

than Ida during Phase One. During the ten-minute Phase Two intra-group synergy, the initial 

traces of uptake shown by the arrows connecting the blue outlined boxes with blue text indicate 

that Group two dyads commenced the synergising process with Yan copying the TEL lesson 

procedures from her Phase One individual ideation to the Phase Two synergised product. From 

the number of blue outlined boxes with blue text, it was observed that Yan led in most of the 

TEL lesson procedures synergy (Figure 4.2.2a top panel light blue boxes with Yan’s name on 

top of the boxes), and the revision of TEL lesson procedures. Based on the TPACK score of 

Phase One individual ideation, Yan scored higher than Ida (TPACK score Yan = 5.0; Ida = 

3.0). This result suggested that in groups where one member possessed a higher knowledge of 

the TPACK dimension, the leading role naturally fell on the more knowledgeable one. 

However, Yan, the more knowledgeable group member based on the TPACK score, did not 

monopolise the entire co-construction of the group’s synergised TEL lesson design. The two 

brown outlined boxes at the middle segment indicate that Ida also contributed to the co-

construction of the group TEL lesson design. When both group members synergised the TEL 

lesson procedures, negotiation between group members was expected. As shown in the uptake 

graph Figure 4.2.2a, the red text boxes at the top segment of the graph illustrated that Yan’s 

individual TEL lesson procedures were uptaken and revised during the synergy of the group 

TEL lesson design at Phase Two. The two lesson procedures shown by the first two blue 

outlined boxes with red texts in the middle segment of the graph show the revised TEL lesson 

procedures. Revision to these two lesson procedures led by Yan was seen as a result of 

interactions between the dyads. In essence, the technology knowledge indicated by the word 

“AppleTree” in the lesson procedure (refer to the first blue outlined text box in the middle 

segment) coincides with the technology bubble led by Ida (refer to the brown outlined text box 

left to the Group two’s synergised TEL lesson design box at the middle segment). This 
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behaviour implies that both members were consensually seeking improvement to the group 

synergised TEL lesson design. 

Although Yan led the group in most of the synergising events, Ida’s contribution to the 

group product should not be undermined. Besides contributing to the technology knowledge, 

Ida also contributed lesson procedures that consist of content knowledge (the left most brown 

outline box at the middle segment). For a TEL lesson design to reach a higher quality TPACK 

score, the interactions among content, pedagogy and technology are essential. Therefore, a 

consensus to include the lesson procedures comprising the different TPACK dimensions was 

deemed to have taken place during the Phase Two intra-group synergy phase. Without 

discussion with consensus agreement among group members, it would be impossible to ensure 

that the inclusion of the content and technology knowledge could blend well with the pedagogy 

knowledge to emerge with an effective interaction among content, pedagogy, and technology 

knowledge.  

From the illustrated uptake traces as shown in the uptake graph Figure 4.2.2a, it was 

noted that the traces concurred with the earlier findings from the lag sequential analysis on the 

two common behavioural patterns found with S2 (Copy TEL lesson design directly from 

Individual lesson design) and S3 (Adopt TEL lesson design from Individual lesson design and 

revise). Furthermore, as shown by the dotted arrow in Figure 4.2.2a, the technology knowledge 

indicated by the brown outlined box created by Ida “Tech tools: Quizlet, AppleTree” shows 

both an uptake trace and a new idea created. The technology tool “Quizlet” was a vivid 

semantic link to one of the lesson procedures from Yan’s Phase One TEL lesson procedure. 

This event is evidence of an uptake taking place. The other technology platform, “AppleTree”, 

was not found in any of the dyad’s Phase One TEL lesson designs. Including a new technology 

knowledge idea signifies effective collaboration resulting in a new idea arising during Phase 

Two intra-group synergy. Besides the new technology knowledge created as shown by Ida’s 
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contribution, Yan generated new content and pedagogy knowledge, as shown by the three blue 

outlined boxes with purple text. 

The co-construction of TEL lesson procedures by both group members to the group 

TEL lesson design demonstrated that Yan being the more knowledgeable one (higher quality 

TEL lesson based on Phase One TPACK score), did not dominate the entire co-construction 

process. The presence of individual ideation at the same workspace facilitated the ease of 

knowledge sharing. It provided the lesser knowledgeable one with the opportunity to contribute. 

The uptake traces shown by the Group two uptake graph was a process where both group 

members’ knowledge sharing helped to level up each other’s knowledge. Moreover, 

collaborative knowledge improvement was gained through new ideas created during the 

synergy of TEL lesson design. The knowledge sharing and co-construction events indicated 

the significance of the scripted individual ideation Phase One had on Phase Two intra-group 

synergy session.  

Furthermore, the uptake traces at the middle segment demonstrated that both members 

in Group two were actively contributing to the synergised TEL lesson design before the Phase 

Three inter-group critique took place. The known presence of the upcoming Phase Three led 

both the group members to produce the highest quality TEL lesson design before presenting it 

to the other groups during Phase Three inter-group critique. The scripted phases one and two 

made possible the generation of new ideas illustrated through the occurrence of the purple texts, 

signifying the effective scripted process of collaborative knowledge improvement. 

Transiting from Phase Two to Phase Four was the inter-group peer critique phase. How 

the group members reach their consensus in Phase Four was examined through the uptake 

traces of the peer comments. The uptake of peer comments for TEL lesson design refinement 

was examined via the uptake graph Figure 4.2.2b. Before investigating how the uptaking of the 

peer comments contributed to the refinement of the TEL lesson design, all the peer comments 
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contributed to Group two were analysed. There were altogether four peer comments 

contributed by four different participants from four different groups within the five-minute 

Phase Three inter-group peer critique. In order to trace the type of peer comments that the 

participants would uptake for refinement at Phase Four, the peer comments were segmented 

and coded based on the dimensions of the peer critique coding scheme. The unit of analysis 

was one complete sentence categorised under support, suggestion, rebuttal, or query. Out of 

the four peer comments, Jane's peer comment (Group one) was segmented into three 

independent peer comment sentences coded into two rebuttal dimensions and one support 

dimension. The rest of the peer comments could be independently coded according to the 

dimensions of the peer critique coding scheme. The total coded peer comments were three 

supportive peer comment sentences, one query peer comment sentence, and two rebuttal 

comment sentences. Besides segmenting the peer comments for coding to the different 

dimensions, the segmented peer comment sentences were further coded based on elaboration 

level. The level of scales is one being the least elaborated and three being the most elaborated. 

The elaboration level would provide insights into the understanding if more elaborated 

comments could better support the improvement of the TEL lesson design. Offering sufficient 

elaboration is an essential attribute to collaborative knowledge improvement. Without explicit 

evidence or reasoning, the recipient would not possibly respond to the peer comments 

appropriately. As a result, the purpose of knowledge sharing towards knowledge improvement 

would not be able to achieve its intended outcome. From the segmented sentences, two of the 

rebuttal peer comment sentences and one supportive peer comment sentence were coded under 

scale three (offers elaborated evidence or reasoning), one query peer comment sentence coded 

under scale two (offers sparse evidence or reasoning) and two supportive comment sentences 

coded under scale one (offers no evidence or reasoning). Figure 4.2.2b shows the uptake graph 
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with the peer comment sentences and their relation to the TEL lesson procedures from Group 

two Phase Two and Phase Four.  

  

 

Figure 4.2.2b. Uptake graph from Phase Three to Phase Four (Group two). 

 

In Figure 4.2.2b, the top segment indicates the Phase Two group synergised TEL lesson 

design which was the source for the inter-group peer critique at Phase Three. The middle 

segment shows the segmented peer comments generated by the four participants from the other 

groups during the five-minute peer critique duration. The bottom segment shows the new TEL 

lesson procedures generated during Phase Four refinement. The dotted backward arrows 

linking to the Group two synergised TEL lesson design show how members from the other 

groups (Group three Mike, Group one Jane, Group four Lynn, Group five Gina) contributed 

their peer comments referencing Group two’s synergised TEL lesson design. Another set of 

dotted backward arrows from the brown outlined boxes shows that the TEL lesson procedures 

were referenced with the peer comments. These TEL lesson procedures were refined into the 
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Phase Four TEL lesson design shown by the darker green box “Group two Refined TEL lesson 

design”. 

Commencing from the Group two’s synergised TEL lesson design, the members of 

other groups were free to visit the graph-based workspace of all other groups to contribute their 

opinion and perspectives on the TEL lesson design. From the six peer comment sentences, two 

of the comment sentences saying, “I like the main activity of the lesson plan” (Jane) and “Very 

clear. Procedure is clear, effective teaching” (Gina), were not elaborated in-depth with evidence 

or reasoning. These two comment sentences were not uptaken for any refinement in Phase Four. 

The other four comment sentences were comments that included more depth with the 

elaborated evidence and reasons. Out of the four comment sentences, two were uptaken for 

refinement, while the other two were found with no semantic relatedness to Phase Four refined 

TEL lesson procedures, indicating no uptake associate with them. The two that were not 

responded to were one query comment from Group three Mike asking, “Can peer-talking 

include reading comprehension” and one of the rebuttal comments by Jane of Group one saying, 

“but using Quizlet to learn the words is more like during the first read comprehension, instead 

of third reading comprehension”. These two comment sentences did not lead to any refinement 

based on the observed TEL lesson procedures in Phase Four. From the two comment sentences 

that were responded with uptake, one of the comment sentences was a rebuttal comment 

contributed by Jane from Group one, saying, “Also, missing the reading with intonation part.”. 

This comment sentence led to a new set of lesson procedures on “reading with intonation”. 

This series of lesson procedures refinement contributed to an improved quality TEL lesson 

design. The other comment sentence that led to other lesson procedure refinement was a 

supportive peer comment by Lynn from Group four saying, “I think this segment is very good. 

Students must answer one question, after that assess the answer for all members within the 

group, including individual and group”. This comment was directed towards a new lesson 
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procedure created during Phase Two. The initial lesson procedures generated by Yan was 

“Students to use the Padlet platform to answer the reading comprehension questions. Student 

must answer the questions on their own after that assess the answer of group mates”. During 

the Phase Two intra-group synergy, the lesson procedures were adopted but revised with 

changes to the technology and pedagogy knowledge – “Student to use the AppleTree platform 

to answer the reading comprehension questions. Student must answer one question, after that 

comment on the answers of every group member within the group”. The supportive comment 

affirmed the revisions made and subtly helped enhance the subsequent lesson procedures 

refinement during Phase Four.  

By observing further into the lesson procedures from Phase Four refined lesson 

procedures, it was found that a segment of the lesson procedures “to critique the volume, 

fluency and intonation of other groups” was seemingly a response to the combination of the 

peer comments gathered from Jane and Lynn. In this refined lesson procedure, the traces of 

content knowledge “volume, fluency and intonation” responded to the rebuttal peer comment 

from Jane’s comment on “Also, missing the reading with intonation part ” . The part on 

pedagogy knowledge “critique …. other groups” could be traced to the affirmative support 

from Lynn’s peer comment saying, “…. after that peer critique within the group on all group 

members' answer, including individual and group”. Group two's response to these two peer 

comment sentences with the refined TEL lesson procedures at Phase Four signified that the 

knowledge improvement made during Phase Four based on the generated peer comments 

during Phase Three helped support Phase Four refinement. These uptake traces coincided with 

the lag sequential analysis results on the unique behavioural path observed from Phase Two to 

Phase Four. As seen from the behavioural transition diagram in Figure 4.2.1b, the immediate 

event before “Refinement of Phase Four TEL lesson design by adding new bubbles or editing 

existing bubbles were related to peer comments” (R1) was “Adopt TEL lesson design from 
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Individual lesson design and revise” (S3). This finding substantiates the earlier results that the 

knowledge created during the intra-group phase would invite more knowledge sharing (through 

inter-group peer critique), leading to further knowledge improvement. Furthermore, the peer 

comments taken up for refinement considerations were the more in-depth elaborated comments 

(scale three) instead of those lacking elaborated evidence or reasoning.  

Phase Four collaborative knowledge improvement was a result of class-wide 

knowledge contribution and knowledge sharing through the inter-group peer critique phase. 

The generated peer comments allowed the participants to improve the group’s knowledge 

further when the within-group knowledge reached its peak. The different perspectives from the 

members of other groups promoted new idea creation, especially when the knowledge level of 

the receiving party could be further elevated. In all, the specific individual ideation phase and 

class-wide peer critique phase in the SMCKI script supported the collaborative knowledge 

improvement from one phase to the next. When the task is cognitively demanding, it could be 

better achieved at the group level than at the individual level. 

To further illustrate how the SMCKI script could effectively support pre-service 

teachers in improving their TEL lesson design with a higher level of certainty, another group 

was selected to present the uptake analysis. The second group selected to conduct the uptake 

analysis was Group five. The knowledge level of Group five members was different from 

Group two members. Based on the results shown in Table 4.1a in the earlier analysis, Group 

five members showed no improvement to the TPACK score from Phase One to Phase Two. 

Both members scored the same at Phase One individual ideation (TPACK score = 3.0), 

demonstrating that they possessed similar TPACK knowledge levels. Although there was no 

improvement to the TPACK score from Phase One to Phase Two, synergy work did occur 

during Phase Two intra-group synergy. Therefore, it is important to observe the uptake traces 

to explain the no improvement with the TPACK score at Phase Two for Group five. Despite 
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the no improvement to the TPACK score from Phase One to Phase Two, quantitative results 

of the TEL lesson design from Phase Two to Phase Four showed an improvement to the 

TPACK score at the end of Phase Four refinement. By examining the uptake traces, how 

collaborative knowledge improvement took place across the collaborative lesson design 

process for each SMCKI phase could be demonstrated explicitly. These uptake traces were 

presented via the uptake graphs of Group five. Figure 4.2.2c shows the uptake graph for Group 

five from Phase One to Phase Two.  

 

Figure 4.2.2c. Uptake graph from Phase One to Phase Two (Group five). 

 

As shown in Figure 4.2.2c, the upper segment with the blue outlined boxes shows 

Gina’s TEL lesson procedures generated during Phase One. The bottom segment with the 

brown outlined boxes shows June’s TEL lesson procedures generated during the same phase. 

The middle segment shows the TEL lesson procedure generated during Phase Two intra-group 

synergy. The dotted arrows show the uptake traces between the phases. As shown in Figure 

4.2.2c, most of the TEL lesson procedures were uptaken from June’s individual TEL lesson 

procedures (brown text). However, the consolidating work was done by Gina (blue outlined 
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box). Gina contributed a small segment of content knowledge, as shown by the blue text in the 

left-most blue outlined box in the middle segment. The rest of Gina’s Phase One TEL lesson 

procedures were not utilised. The black text blue outlined boxes represented these unutilized 

lesson procedures. The synergising of TEL lesson procedures for Group five dyads was a 

combination of TEL lesson procedures. No revisions were made (absence of red text), and no 

new TEL lesson procedures were created (absence of purple text). These uptake traces 

corroborated with the earlier findings from the lag sequential analysis on the participants' 

unique behavioural path on “direct copying of TEL lesson design from individual ideation 

phase” (S2). Uptake traces such as piecing lesson procedures together with no further deeper 

meaning-making to rise above the initial individual lesson design did not produce any newly 

created idea. The mere combination of TEL lesson procedures could not result in a higher 

TPACK score at the end of Phase Two. 

Between the two group members, the decision to adopt the majority of June’s TEL 

lesson procedures instead of Gina’s could be seen as a consensus agreement between Group 

five dyads, given that the copying of the TEL lesson procedures from Phase One to Phase Two 

was not done by the owner of the TEL lesson procedure. The interesting behaviour with Gina 

performing the consolidating events on the synergised TEL lesson design while copying most 

of the TEL lesson procedure from June could suggest that the consolidation was not associated 

with the group members' knowledge level since both Gina and June scored the same TPACK 

score at Phase One. Therefore, it might not be clear who was the more knowledgeable one in 

the case of Group five. Hence, the one who should lead with the synergising event could be a 

spontaneous decision between the dyads. One explanation of why Gina took the lead to 

construct the group product on the AppleTree graph-based workspace could be that she was a 

more proactive participant. Her proactive action is evidenced by the fact that she was the one 

to create the first TEL lesson procedure during Phase Two. A discussion could have taken place 
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to decide that the rest of the TEL lesson procedures be taken from June instead of Gina. From 

the uptake traces shown in Figure 4.2.2c, the construction of the group TEL lesson design was 

evidently a piecing of information together without any revision made to improve the quality 

of the TEL lesson design. Since most of the TEL lesson procedures were copied from June, the 

TPACK score for the Phase Two TEL lesson design was inevitably the same as June’s Phase 

One TPACK score. This finding suggests that when group members are both in the lower level 

of prior knowledge, knowledge sharing at the within-group level is limited and may not lead 

to further collaborative knowledge improvement. These uptake traces shown through the 

uptake graphs indicate that the scripted individual ideation Phase One for the lower knowledge 

group did not significantly impact collaborative knowledge improvement at Phase Two intra-

group synergy. The co-construction of the synergise product in such a scenario was likely to 

end up with little or possibly no new ideas created.  

Group five's uptake graph from Phase Three to Phase Four was constructed to examine 

how the inter-group peer critique phase benefitted Group five. Figure 4.2.2d shows the peer 

comments provided for Group five and the refined TEL lesson procedures in Phase Four. The 

TEL lesson design from Gina’s Phase One was also included in this uptake graph as the new 

TEL lesson procedures generated during Phase Four refinement were semantically related to 

Gina's lesson procedures in Phase One. 
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Figure 4.2.2d. Uptake graph from Phase Three to Phase Four (Group five). 

 

As shown in Figure 4.2.2d, the four peer comments provided by the four members from 

Group one, two, three, and six were segmented into eight comment sentences according to the 

peer comment coding scheme's dimension. Group five receive more comment sentences 

compared to Group two. Out of the eight comment sentences, three support comment sentences, 

three suggestion comment sentences, three rebuttal comment sentences, and no query 

comments were given to Group five. Most of the comment sentences fell under scale three 

elaboration level, indicating the depth of peer comments with evidence and reasoning. The two 

scale-one elaborated comment sentences “Achieved learning objective” (Group two, Yan) and 

“The listening to sound is good” (Group six, Finn) were not uptaken for refinement. Of all the 

other more elaborated peer comment sentences, Sam from Group one and Finn from Group six 

pointed out a misunderstanding to the third reading comprehension requirement that had led to 

some unnecessary lesson procedures included in the TEL lesson design by Group five members 

during Phase Two. The two rebuttal peer comment sentences by Sam saying, “It is the third 

segment of reading, should omit the procedures of learning of unknown vocabulary” and 
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another one by Finn saying “but more suitable for the initial read…. students should have 

already understood the gist of the passage” could have awakened Group five members’ 

misunderstanding on the requirements for the third reading comprehension step. By tracing the 

events of the refinement phase, these two rebuttal comment sentences could have led to the 

deletion of a series of six lesson procedures from the synergised TEL lesson design and the 

inclusion of four lesson procedures. This massive refinement help improved the TEL lesson 

design quality. The four new TEL lesson procedures included two TEL lesson procedures 

illustrated by the two purple text boxes and two other TEL lesson procedures related to the 

previous SMCKI phases (Phase One). It was found that the other two TEL lesson procedures 

were semantically related to the TEL lesson procedures of Gina’s Phase One when the 

semantics of the TEL lesson procedures were traced. The lesson procedure “Teacher split 

students into groups and uses AppleTree for intra-group discussion, answer questions (Each 

group in charge of one paragraph)” was a revision linked to two of the TEL lesson procedures 

from Gina during Phase One. A similar semantic with “split students to group” and the 

technology knowledge “AppleTree” was found in Gina’s Phase One TEL lesson procedure. 

The other lesson procedure, “5. Inter-group peer critique”, could also be traced to one of Gina’s 

TEL lesson procedures “5. Students peer critique”, which was right after the lesson procedure 

“4. Students return to their group and use AppleTree to answer comprehension question of 

other paragraphs”. Although Gina’s TEL lesson procedures were not uptaken during the 

group’s Phase Two intra-group synergy events, the refinement during Phase Four could have 

been initiated through the received peer comments. These peer comments could have led Group 

five members to re-visit the TEL lesson design in Phase One individual ideation, surfacing 

appropriate lesson procedures to help refine the group product for improvement. The other two 

new lesson procedures included in Phase Four refined TEL lesson design was “3. Teacher let 
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students use Nearpod for reading comprehension” and “4. Student split into groups to act out 

the story (script)”.  

With the refinements made to the TEL lesson procedures at Phase Four, there was an 

improvement with the TEL lesson design from Phase Two (TPACK score = 3.0) to Phase Four 

(TPACK score = 4.0). The collaborative knowledge improvement in Phase Four was a result 

of the knowledge shared through scripting the class-wide inter-group peer critique phase. This 

phase contributed to an essential aspect of helping members of other groups within the class 

identify any misunderstandings. Essentially, the number of inappropriate lesson procedures 

consolidated by Group five members during Phase Two, which lowered the TEL lesson design 

quality, was remediated by addressing the peer comments from Phase Three peer critique. This 

finding substantiates the earlier results, concurring that by scripting class-wide inter-group peer 

critique in the CSCL scenario, the multiple perspectives provided at the class level can promote 

further collaborative knowledge improvement. This phase was especially crucial for groups 

with lower knowledge levels, where knowledge sharing among group members was limited. In 

contrast, the knowledge shared by members of other groups provided fresh and new 

perspectives to level up the quality of the group artifact to attain higher collaborative 

knowledge improvement. Without the Phase Three Inter-group Peer Critique phase, there 

would be no possibility to improve the TEL lesson design for Group five as the knowledge 

level within-group at Phase Two could not be further elevated. Essentially, the multiple 

perspectives from Phase Three inter-group peer critique helped Group five members overcome 

the task requirement misunderstandings. Hence, Group five members managed to refine their 

TEL lesson design during Phase Four intra-group refinement by clarifying the 

misunderstandings and improving the TEL lesson design. 

However, the uptake traces taken by Group five members were not common as they 

were not reflected in any of the significant behavioural sequences from the lag sequential 
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analysis shown in the earlier findings. In the lag sequential analysis, it was observed that when 

the participants copied TEL lesson design directly from their individual lesson design (S2), the 

immediate event was a Phase Four refinement which had no relation to the peer comments (R2). 

In the case of Group five, although the Phase Two synergised TEL lesson design was a piecing 

of copied TEL lesson procedures from Phase One, it generated several peer comments, 

especially in the suggestion and rebuttal dimension, which led to Phase Four TEL lesson design 

refinement. This finding suggests that uncommon uptake traces such as these happened only 

to the groups when both members had similar lower knowledge levels. These traces also 

indicated the importance of Phase Three inter-group critique had on collaborative knowledge 

improvement for groups with such members’ profiles. In fact, without Phase Three, Group five 

would not have been able to further their collaborative knowledge improvement. Moreover, 

drawing knowledge from the TEL lesson design from Phase One individual lesson design 

during Phase Four refinement signified the importance of having an individual ideation phase 

in a collaborative learning environment. Uptake of shard knowledge need not necessarily occur 

linearly. The knowledge shared at Phase One impacted knowledge sharing and collaborative 

knowledge improvement throughout the subsequent SMCKI phases. In all, Group five 

members managed to improve their TEL lesson design at the end of SMCKI Phase Four, even 

though members were low in knowledge level and was regarded as a weaker group. Overall, 

the above findings did demonstrate that scripting the collaborative lesson design via the 

SMCKI could support pre-service teachers in improving their TEL lesson design. 
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4.3 Summary 

This chapter presents the data analyses of this study according to the two research 

questions. The findings suggest that the SMCKI macro-script effectively supported pre-service 

teachers’ in improving their TEL lesson design from one phase to the next. Specifically, Phase 

One to Phase Two promoted diverse prior knowledge contributions before seeking 

collaborative knowledge synergy through group interactions. The quality of the TEL lesson 

design from all groups had substantial improvement, indicating the impact of the individual 

ideation phase had on the intra-group synergy phase. During the individual ideation phase, each 

member within the group was given the opportunity to contribute their individual TEL lesson 

design, which warranted no loss of any individual voice and eliminated the silent participant 

issue in the collaborative learning environment. This scenario demonstrated the effectiveness 

of the SMCKI script in resolving common issues with the CSCL implementation. In addition, 

the sharing of prior knowledge at Phase One offered the basis for knowledge construction 

during Phase Two intra-group synergy. The improved TEL lesson design at Phase Two 

illustrated the effectiveness of the SMCKI script in supporting collaborative knowledge 

improvement. 

The two groups presented in this study demonstrated how the participants appropriate 

the SMCKI script for collaborative knowledge improvement. Essentially, both groups 

demonstrated the construction of the shared prior knowledge differently across the SMCKI 

phases. The group with a lower knowledge level (Group five) may have paid little attention to 

the task's design requirement, leading to misunderstandings, resulting in a lower quality TEL 

lesson design at both the initial Phase One and Phase Two. From the uptake analysis, both 

Group five members seemingly did not realise the wrong pedagogy approach used to address 

the third reading comprehension requirement. This misunderstanding syndrome was brought 

over to Phase Two intra-group synergy. From the results of the performance outcome by 
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individual groups, Group five did not show any improvement in the TPACK scores from Phase 

One to Phase Two but only at Phase Four. In contrast, the rest of the other groups showed a 

constant improvement to the TEL design quality from Phase One to Phase Two and Phase Two 

to Phase Four. 

From the uptake analysis results, it was observed that Group two addressed the TEL 

design task well with an appropriate pedagogy approach to fulfil the third reading 

comprehension requirement. For Group two, whereby group members possessed different 

knowledge levels, scripting Phase One right before Phase Two allowed both the members of 

the group to share their prior knowledge and supported the ease of knowledge construction 

during Phase Two. The knowledge shared by the more knowledgeable one benefited the 

elevation of knowledge level during the co-construction of group product at Phase Two. 

Additionally, scripting Phase One before Phase Two not only prevented process loss and 

production loss, but the tendency of dominancy was also minimized as well. Evidence from 

the uptake analysis showed that the lesser knowledgeable partner (Ida) had the opportunity to 

contribute to the synergised TEL lesson design readily during Phase Two. Despite the 

differences in their performance outcomes during Phase One, the prior knowledge activated 

through the individual ideation phase before the collaborative learning process played a crucial 

role during the group TEL lesson design in Phase Two. Taken together, the SMCKI script 

helped downplay the dominancy role within-group despite the tendency for a more 

knowledgeable one to lead during the SMCKI Phase Two. The shared knowledge smoothens 

the process of knowledge construction, resulted in improved TPACK coding scores for Group 

two TEL lesson design from Phase One to Phase Two.   

Phase Three is an important phase in the SMCKI script as it leverages a class-wide 

effort for collaborative knowledge improvement. During the SMCKI inter-group Phase Three 

in this study, knowledge improvement was elevated through class-wide knowledge sharing. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

 

163 

The impact of class-wide events was illustrated through the high frequency of 22 common joint 

events of “refinement of Phase Four TEL lesson design related to peer comments” (R1). In 

addition to the high frequencies, the statistically significant loops of R1, as shown in the lag 

sequential analysis, demonstrated the common behaviour of the participants refining their 

Phase Four TEL lesson design actively by referencing the comments from the peer critique 

phase. During inter-group peer critique, the multiple perspectives from the inter-group peer 

critique led to further improvements to TEL lesson design quality at Phase Four. The data 

analyses showed that the TEL design quality in Phase Four was higher than in Phase Two. The 

collaborative knowledge improvement reached a high TPACK score at Phase Four intra-group 

refinement based on the reported results. This improvement was made possible through the 

inter-group peer critique at Phase Three. The peer comments at Phase Three provided multiple 

constructive perspectives to all the participants for improving their TEL lesson design. In 

essence, the inter-group peer critique phase created the scenario for germinating new ideas for 

collaborative knowledge improvement.  

During Phase Four refinement, the participants’ knowledge was elevated at the group 

level by tapping on the broader perspectives contributed by members of other groups. At Phase 

Four refinement, regardless of the level of prior knowledge grounded within the participants, 

new diversified ideas were generated as the participants responded to the various perspectives 

or more advanced ideas contributed by members of other groups during the inter-group peer 

critique phase. The results showed that all groups attained the highest level of TEL design 

quality at Phase Four, demonstrating that the first three SMCKI phases benefitted collaborative 

knowledge improvement. In addition, through the peer critique process, the participants’ 

learning from the TEL lesson design of other groups led to further refinement of the group’s 

TEL lesson design which was shown by the statistically significant loop R2 (Refinement of 
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Phase Four TEL lesson design by adding new bubbles or editing existing bubbles were not 

related to peer comments).  

The SMCKI script positively impacted pre-service teachers’ collaborative TEL lesson 

design processes and outcomes in this study. Phase One to Phase Two benefited the higher 

knowledge level group (Group two) more than those with a lower knowledge level group 

(Group five). Phase Three inter-group peer critique was important to level up the TEL lesson 

design for the lower knowledge participants (Group five). The peer comments not only 

supported collaborative knowledge improvement; they could also help the group members 

generate new ideas, enabling an elevation of the group members' knowledge level. The uptake 

traces of TEL lesson procedures that led to a higher quality of the TEL lesson design was 

demonstrated through the uptake analysis. Specifically for Group five, the uptake traces at 

Phase Four refinement show that the TEL lesson procedures from the individual ideation phase 

too contributed to the refinement at Phase Four when the group members responded to the 

class-wide peer comments. The refinement phase of Group five members illustrated the 

importance of each phase in the SMCKI script as each phase had an important role to play in 

supporting collaborative knowledge improvement to bring about improvements to the TEL 

lesson design. Overall, the performance outcome measured by the TPACK score from the 

Phase Four refinement showed the highest improvement TPACK score for all groups, 

illustrating the effectiveness of the first three phases of the SMCKI script had on Phase Four 

intra-group refinement.   

In all, findings from this study showed that the SMCKI script supported collaborative 

knowledge improvement throughout the SMCKI phases. Based on the results, the collective 

knowledge improvement from one phase to the next was evident. Furthermore, findings show 

that the cognitively demanding task was well achieved at the group level. These results meet 

the design goal of the SMCKI script from Phase One to Phase Four. 
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 Chapter Five: Discussion and Conclusion 

This research aimed to examine how the macro-script Spiral Model of Collaborative 

Knowledge Improvement (SMCKI) supported pre-service teachers’ computer-supported 

collaborative lesson design and the mechanism of the online TEL lesson design improvement 

across the first four phases of the SMCKI script. The study and analysis of how these phases 

moved from Phase One individual ideation to Phase Two intra-group synergy, and the class-

wide inter-group peer-critique at Phase Three and finally to the Phase Four intra-group 

refinement showed the positive benefits of the SMCKI script had on collaborative knowledge 

improvement. In essence, the SMCKI script supported the collaborative learning process 

among the pre-service teachers when they engaged in the collaborative construction of 

Technology-enhanced learning (TEL) lesson design. Since the mutual processes of 

collaborating to learn and learning to collaborate are essential to 21st century learning 

(Roschelle, 2013), results from this study showed that the scripted phases of the SMCKI script 

could scaffold the process of collaborative learning in the CSCL environment and guide the 

pre-service teachers through the collaborative phases to fulfil the important aspects of the given 

task. 

The results in response to the first research question showed that the SMCKI script 

supported the collaborative lesson design process and improved the quality of pre-service 

teachers’ TEL lesson design. These results were established by coding the quality of TEL 

lesson design artifacts collected from the AppleTree system. Content analysis was conducted 

to code the TEL lesson design using the TPACK (Koehler & Mishra, 2009) coding scheme for 

the TEL lesson design generated at the Phase One individual level and the TEL lesson design 

that was synergised at the group level during Phase Two and refined by the group during Phase 

Four. TPACK provides insights into the design of TEL lessons in terms of integrating 

technology into the teaching and learning activities (Pamuk, 2012). The TPACK score results 
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illustrated a gradual, incremental improvement in the performance outcome of the TEL lesson 

design task for Phase One, Phase two and Phase four of the SMCKI script. The results showed 

an incremental improvement in the quality of TEL lesson design from one phase to the next, 

demonstrating that the SMCKI script supported the pre-service teachers in improving the 

quality of the TEL lesson design. 

In this study, the extent of improvement between the SMCKI scripted phases was also 

investigated at the group level to examine how SMCKI script supported group idea 

development from one phase to another. The results showed that the TPACK scores for five 

out of the six groups were higher at Phase Two than Phase One. These results demonstrate the 

impact Phase One had on Phase Two. The TPACK scores were higher at Phase Four when 

compared with those at Phase Two. These higher TPACK scores at Phase Four showed the 

significant impact of Phase Three class-wide level had on Phase Four, which resulted in a 

higher level of collaborative knowledge improvement.  

At the group level, five out of the six groups had improvement in their TPACK scores 

from Phase One individual ideation to Phase Two intra-group synergy. The group that did not 

show any increase in the TPACK score was Group five. At the individual level, both Group 

five members had the same TPACK score, indicating that they had the same level of prior 

knowledge at Phase One individual ideation despite the varied TEL lesson designs. The Phase 

Two intra-group synergy apparently did not impact this group quantitatively based on the 

TPACK score. A detailed qualitative examination of Group five’s collaborative process from 

Phase One to Phase Two was conducted to shed light on what had transpired between the Group 

five members during the synergy phase. This elaborated examination via the qualitative uptake 

analysis was conducted to answer research question two. 

There were gradual, incremental improvements on the TPACK scores in all six groups 

from Phase Two to Phase Four. This result indicated the significance of Phase Three inter-
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group peer critique had on the improvement of the TEL lesson design. Since the participants 

were instructed to refine their TEL lesson design at Phase Four based on the peer comments 

contributed during Phase Three, these constructive peer comments had positively influenced 

the refinement of the TEL lesson design at Phase Four. Phase Four refinement brought forth 

improvement to the TEL lesson design, with the results showing higher TPACK scores for all 

groups in Phase Four compared with those at Phase Two.  

A comparison of the TPACK score differences between the SMCKI phases showed 

greater improvement in the TEL lesson design from Phase Two to Phase Four than from Phase 

One to Phase Two. This finding implies that while Phase One to Phase Two supported the TEL 

lesson design improvement, the higher impact on the TEL lesson improvement was from Phase 

Two intra-group synergy to Phase Four intra-group refinement, where Phase Three inter-group 

peer critique was the transition phase between Phase Two and four. The higher TPACK score 

at Phase Four demonstrated that the class-wide peer critique phase supported a higher level of 

collaborative knowledge improvement. Overall, there was a consistent improvement in the 

TPACK score from Phase One to Phase Two, Phase Two to Phase Four, demonstrated by the 

higher TPACK score from one phase to the next, reaching the highest score at Phase Four intra-

group refinement. 

Findings from research question one had addressed an important issue in the CSCL 

research field, which is the effectiveness of the collaboration script at the individual and the 

group level (Kollar, Fischer & Hesse, 2006). In the SMCKI Phase One individual ideation, the 

participants were encouraged to present their prior knowledge before co-constructing 

knowledge with group members during Phase Two intra-group synergy. During the first phase, 

each participant was given an individual space to construct their TEL lesson design before the 

collaborative phase at Phase Two. This individual Phase One was important as the TEL lesson 

design constructed during this phase served as the basis for collaborative work during Phase 
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Two. These two scripted phases support the argument made by Chang, Chang, Liu, Chiu, Fan 

Chiang et al. (2017), who recommended that individual learning could become the basis of 

group discussion to elevate the benefits brought forth by the process of collaborative learning. 

Findings from this study showed that individual ideation helped with the group-level 

collaborative knowledge improvement in Phase Two intra-group synergy. These results concur 

with the observation by Farrokhnia, Pijeira-Díaz, Noroozi and Hatami (2019) that having 

individual preparation as a preparatory stage enhanced collaborative learning outcomes. The 

individual ideation engagement formed the basis of ensuring positive interdependence among 

members during Phase Two intra-group synergy. Topping (2017) asserted that the participants' 

interdependence needs to be perceived as it required students to be individually responsible for 

an active contribution to the group discussion. Therefore, the scripted SMCKI Phase One to 

Phase Two provided the opportunity for every individual to exercise their responsibility by first 

contributing their TEL lesson design before the discussion at Phase Two intra-group synergy. 

Besides, interdependence also required that multiple perspectives be made explicit for group 

discussions (Topping, 2017). Hence, the SMCKI Phase Three created the environment for 

multiple perspectives to be gathered and made available to each group for further refinement 

during SMCKI Phase Four of the pre-service teachers’ collaborative lesson design in this study.  

Moving from Phase Two to Phase Three took upon the benefits of a class-wide 

collaboration for extended collaborative knowledge improvement. Inter-group critique in the 

form of peer review or feedback acted as a valuable form of collaboration (Laurillard, 2013). 

Past research findings have shown that engaging in peer critique helped with progressive ideas 

refinement and promoted meaning negotiation (Tan, Chen & Looi, 2009). By gathering the 

constructive peer comments from multiple perspectives at a class-wide level in Phase Three, 

each group was able to refine their synergised TEL lesson design for further improvement by 

viewing it through the lens of all other groups. These multiple views enabled further refinement 
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to the TEL lesson design, bringing about a higher quality design in Phase Four. The higher 

quality TEL lesson design was evident through a higher TPACK score at Phase Four for all 

groups.  These results echo the findings stating that scripting CSCL activity positively affects 

domain-specific knowledge improvement (Vogel, Wecker, Kollar, & Fischer, 2017). In 

essence, when the participants engaged in peer critique, they could see alternative solutions 

through the output of peers; at the same time, by leveraging the generated feedback from others, 

ideas can be modulated to generate a fresh output (Laurillard, 2013). These results support 

Phielix, Prins and Kirschner (2010) findings that peer feedback can enhance group performance.  

Overall, the results of the first research question showed that the SMCKI script 

supported the group idea development by improving the quality of the pre-service teachers’ 

TEL lesson design. These findings confirm the positive impact of granting the participants the 

opportunity to construct their individual TEL lesson design at Phase One before the 

collaborative work at Phase Two. The artifacts sharing afforded by the group space allowed 

the group members to leverage the shared knowledge and co-construct a higher quality TEL 

lesson design at the group level by synergising their individual TEL lesson design. The sharing 

of knowledge among the participants at a class-wide level brought about collaborative 

knowledge improvement to its highest point during Phase Four refinement. Sears and Reagin 

(2013) reckoned that it is rare for groups to pool their knowledge and co-construct new 

understanding. Results from research question one illustrated that when individuals underwent 

SMCKI Phase One, Phase Two, Phase Three and Phase Four, productive interactions arose 

among group members bringing forth an improved TEL lesson design at the end of the 

collaborative phases. These positive findings contribute to the literature by addressing current 

weak evidence on the effectiveness of the different phases (scene level of the external script) 

of the CSCL script on domain-specific knowledge (Vogel, Wecker, Kollar, & Fischer, 2017).   
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The second research question examined how the pre-service teachers improved their 

TEL lesson design throughout the SMCKI scripted phases. This examination enabled the 

understanding of scripting the different phases of group interactions in supporting groups to 

engage actively in the intermediate phases during collaborative learning (Näykki, Isohätälä, 

Järvelä, Pöysä-Tarhonen & Häkkinen, 2017). Specifically, the online behavioural patterns and 

the uptake traces of the TEL design across the SMCKI phases were examined. The analyses 

for research question two showed that the pre-service teachers collaborated productively in the 

collaborative lesson design process scripted by the SMCKI macro-script. The scripted 

collaborative learning process enabled the improvement of the quality of their TEL lesson 

design. To examine how the TEL lesson design improved across the scripted SMCKI phases, 

the participants’ behaviours were first examined quantitatively via the lag sequential analysis 

followed by the qualitative uptake analysis. From the lag sequential analysis, there were 139 

behaviour frequencies found during the 35 minutes collaborative lesson design session. Out of 

the 139 behaviour frequencies, there were a total of 15 significant behaviour sequences. Three 

significant behaviour sequences occurred during Phase One individual ideation, eight 

significant behaviour sequences in Phase Two intra-group synergy, and four significant 

behaviour sequences in Phase Three inter-group peer critique and Phase Four intra-group 

refinement phase. These significant behaviour sequences indicate the participants’ common 

behaviour when they engaged in the collaborative lesson design scripted by the SMCKI. These 

common behaviour sequences of the participants demonstrated that the SMCKI script could 

engage the participants productively in the collaborative process. 

From the lag sequential analysis, the significant behaviour sequences during Phase One 

were “creating and editing lesson objectives and lesson procedures with its associated 

technology”. The participants’ active participation during Phase One individual ideation was 

demonstrated by the significant loops shown in the behavioural transition diagram. This 
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dynamic contribution behaviour in Phase One showed that the individual ideation phase 

deterred the frequent silent participant problem. The choice to remain silent is often a 

consequence of multiple constraints (Remedios, Clarke & Hawthorne). Some participants who 

chose to remain silent during collaborative learning may not necessarily do so because they 

have no ideas to contribute but are merely uncomfortable with the idea of speaking aloud in a 

group (Medaille & Usinger, 2020). Besides, issues such as production block is also a key factor 

that has been known to be responsible for productivity loss during collaborative ideation 

activities (Baruah & Paulus, 2019). The behavioural patterns illustrated from the individual 

ideation phase in this study showed that the participants were not allowed to remain silent 

during the collaborative learning process and could not circumvent the issue with production 

blocking. 

There were two common behaviour sequences during Phase Two. These were 

“synergising of the group TEL lesson design either by copying directly from individual lesson 

design” and “adopting the TEL lesson design from individual lesson design with revision 

made”. These two behaviours illustrated that the TEL lesson design created during Phase One 

had an immediate impact on Phase Two intra-group synergy. This scenario substantiates 

Baruah and Paulus (2019)’s point that sharing ideas electronically in writing can increase the 

numbers of ideas shared and the extent of ideas contributions by group members, which can 

eventually impact creative output. These behaviours led to an improved group TEL lesson 

design, which was demonstrated by the improved TPACK score from Phase Two intra-group 

synergy and Phase Four refinement.  

The lag sequential analysis results showed that knowledge improvement does not 

necessarily happen linearly according to the scripted SMCKI phases. When the TEL lesson 

design was copied directly from their Phase One TEL lesson design, the immediate event that 

followed was “a Phase Four refinement that had no relation to the peer comments”. This 
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scenario is based on the definition of “R2” - with the refinements made being attributed to the 

insights participants gained when scrutinising the TEL design artifacts of the other groups 

during Phase Three inter-group peer critique.   

For the TEL lesson design adopted and revised from individual lesson design, the next 

immediate event was “Phase Four refinement related to Phase Three peer comments”. 

Although Bielaczyc and Ow (2014) noted that engaging students in the progressive 

improvement of ideas could be difficult, this finding shows that the participants could engage 

in knowledge progression productively throughout the scripted SMCKI phases – the evidence 

of the positive impact that arose through the scripted SMCKI process. In essence, when one 

new idea was created (revised TEL lesson procedure), it led to new perspectives (peer critique), 

which was then followed by further knowledge improvement (Phase Four refinement), 

signifying that collaborative knowledge improvement took place.  

In essence, the SMCKI phases provided the space for knowledge sharing and 

knowledge improvement across all the scripted SMCKI phases. While Phase One formed the 

foundation to Phase Two intra-group synergy, the basis for peer critique was the TEL lesson 

design shared by the participants in Phase Two. Transiting from Phase Two to Phase Four was 

the inter-group peer critique at Phase Three. There were two significant behaviour sequences 

at the peer critique phase. Besides the contributed peer comments that helped provide different 

perspectives to the group TEL design, the participants could also learn from other groups 

during the viewing and peer commenting process. The two behaviour sequences of Phase Three 

were coded at the two refinement events in Phase Four. These behaviour sequences include 

adding or editing new information on the group TEL lesson design related to peer comments 

or not related to peer comments. When the refinement made to the TEL lesson design was 

related to the peer comments, the TEL lesson design improvement would have arisen from the 

constructive feedback given by the members of other groups. This result echoes the findings 
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from Sun, Lin, Wu, Zhou and Luo (2018), showing that when feedback was received from 

other groups, the immediate behaviour was a revision to the lesson plan (lesson design as in 

this study) in accordance with the feedback received. 

For the other behaviour sequence where the refinement made to the TEL lesson design 

was not related to the peer comments, learning could have occurred during the inter-group peer 

critique phase when the participants visited the TEL lesson design of other groups, leading to 

fresh perspectives being acquired through the peer critique process. The benefit of this avenue 

of learning is in line with Sears and Reagin’s (2013) finding that the additional opportunities 

provided to the participants helped them find complementary solutions. When the participants 

in this study shared different perspectives during Phase Three inter-group peer critique, it 

supported the elevation of knowledge improvement during Phase Four refinement. The dual 

roles participants take up in Phase Three inter-peer critique is that of critic and learner. The 

presence of these two roles was evident. Regardless of whether the TEL lesson design was 

refined based on the peer comments received or from the learning during the peer critique 

process, both avenues resulted in collaborative knowledge improvement, as seen from the 

higher quality outcome from the TEL lesson design measured by the TPACK score. The 

improvement resulting from the peer critique process corroborates previous studies, which 

showed that critically reviewing one another’s work and providing constructive criticism 

accelerates collaborative knowledge improvement (Looi, Chen & Ng, 2010; Wen, Looi & Chen, 

2012). 

The lag sequential analysis results showed that when the participants copied the TEL 

lesson procedures directly from Phase One individual lesson procedures, the immediate event 

to refine the TEL lesson design was not related to peer comments from Phase Three. In contrast, 

when Phase Two TEL lesson design was a revision from Phase One individual TEL lesson 

design, the TEL lesson design refinement during Phase Four was related to Phase Three peer 
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comments. These two sequence behaviours indicated that the TEL lesson design refinement 

was a progressive process. This progressive process was demonstrated by the first revision of 

the individual TEL lesson design to the group TEL lesson design at Phase Two. The next 

progression to improve the TEL lesson design was elevated during Phase Three when the peers 

at the class-wide level commented on the synergised TEL lesson design. The refinement of the 

TEL lesson design during Phase Four led to the highest improvement across the TEL lesson 

design phases. When group members responded to the peer comments to refine their TEL 

lesson design, this Phase Four brought collaborative knowledge improvement to the highest 

level. This knowledge improvement progression corroborates with the findings from Hong, 

Chen and Chai (2016), suggesting that to attain productive knowledge work, more challenging 

idea integration activities are needed to engage the participants in the idea improvement process. 

Other common behaviour sequences in Phase Four were the cyclical loops of editing 

lesson design. Cyclical loops or cyclical transitions were also common during Phase One and 

Phase Two. The statistically significant loops observed from the lag sequential analysis 

indicated that the SMCKI scripted phases provided the participants with the opportunity to 

engage in a constant state of improving their work on the TEL lesson design throughout the 

collaborative lesson design process. 

Following the lag sequential analysis was the uptake analysis, where two groups were 

selected to elaborate on the uptake process in detail. The uptake analysis complemented the lag 

sequential analysis by illustrating the TEL lesson procedures’ uptake traces when participants 

improved their TEL lesson design from one phase to the next. The first group presented was 

Group two, where both members were heterogeneous in their prior knowledge level based on 

the TPACK score of their Phase One individual TEL lesson design. The uptake traces for this 

group demonstrated productive collaborative learning between both members, with 

collaborative knowledge improvement taking place throughout the SMCKI phases. From 
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Phase One to Phase Two, the more knowledgeable one was seen to lead in synergising the 

group’s TEL lesson design. Despite that, the weaker partner was not left behind as traces of 

consensus agreements and co-construction to the TEL lesson design were present. These 

contributions included revisions made by the lesser knowledgeable ones. The uptake traces 

showed that both Group two members actively revised and synergised the group TEL lesson 

design by mostly tapping on the TEL lesson ideas created during Phase One individual ideation. 

During Phase Four refinement, new ideas were generated when the group members responded 

to the inter-group peer critique comments to further refine their TEL lesson design. The peer 

comments provided broader perspectives to the Group two members. At the same time, the 

uptake of the peer comments helped them further elevate the quality of their TEL lesson design 

– this was the evidence of collaborative knowledge improvement. The learning between 

partners and learning from peers in other groups was a collaborative effort. This scenario 

corresponded to Stahl and Hakkarainen (2020) findings. They postulated that when the given 

task could not be achieved based on individualised effort, the participants would be stimulated 

to learn collaboratively within their zone of proximal development (Stahl & Hakkarainen, 

2020). 

For the next examined group – Group five, group members were homogeneous in their 

prior knowledge based on their Phase One TPACK score. The knowledge level for both Group 

five members was also lower than the mean TPACK score of both Group two members. During 

the synergising of the TEL lesson design from Phase One to Phase Two, Group five 

demonstrated a cooperation process rather than a collaborative process. Group five’s uptake 

traces showed that the synergised TEL lesson design was a piecing of Phase One TEL lesson 

procedures taken from both members’ Phase One TEL lesson design. Although the uptake 

traces showed that both members worked in consensus agreement (Gina took up June’s TEL 

lesson procedures for the group TEL lesson design), no revision was made to any lesson 
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procedures for further improvement. At the end of Phase Two, the Group five TEL lesson 

design was a fusion of both members’ work rather than a synergised artifact. Therefore, the 

result of Phase Two TEL lesson design showed no improvement measured by the TPACK 

score. The collaborative improvement of Group five’s TEL lesson design came forth in Phase 

Four. The inter-group peer critique phase was an essential phase that provided Group five 

members with the opportunity to refine their group TEL lesson design during Phase Four intra-

group refinement bringing about improvement to their TEL lesson design. The peer comments 

from other groups helped Group five members recognised their misunderstandings. These 

misunderstandings, which were initially invisible to Group five members, were brought into 

awareness when different participants from different groups identified the same issue. These 

peer comments led Group five members into a series of massive revisions. Furthermore, new 

ideas were generated as a result. The refinement made to the group TEL lesson design during 

Phase Four had improved compared to the TEL lesson design in Phase Two. These uptake 

traces demonstrated the importance the inter-group peer critique phase had on the 

homogeneous group who were weaker in their prior knowledge level. These results corroborate 

Nawaz and Rehman (2017)’s finding that lower achiever students benefited from class-wide 

peer tutoring with positive changes in their academic achievement. 

Findings from the second research question demonstrated that the individual knowledge 

shared before the group level and class level collaboration positively impacted collaborative 

knowledge improvement. Although changing group processes could have been more difficult 

than changing individual processes (Jeong, Hmelo-Silver & Jo, 2019), this study showed that 

the SMCKI script effectively supported collaborative and individual processes across the 

collaborative learning process. The findings showed that individual knowledge sharing during 

Phase One impacted knowledge improvement for the heterogeneous group, where there was 

diverse knowledge between the group members. In contrast, the class-wide knowledge sharing 
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impacted the participants of any knowledge level, enabling knowledge improvement to reach 

its highest improvement score in Phase Four. This finding is in line with the recommendation 

that class-wide collaboration should not be overlooked. However, opportunistic class-wide 

collaboration should be sought to provide students with more learning opportunities than 

working in a single configuration (Siqin, van Aalst & Chu, 2015).  

One observation from the lag sequential analysis shown by the behavioural transition 

diagram was the four cyclical loops out of the 15 significant behavioural sequences. In a 

collaborative learning environment, the tendency to operate in cyclical loops is common 

(Malmberg, Järvelä, & Järvenoja, 2017). The cyclical loop within oneself suggests a 

metacognitive process in progress. Metacognitive processes within individuals involve mental 

tracking of the learning outcomes or related processes, which are important to optimize 

learning (Callan & Cleary, 2019). The cyclical loops found in the lag sequential analysis 

demonstrated metacognitive processes within the participants in this study. Cleary, Callan and 

Zimmerman (2012) stated that such a self-observation process was effective and systematic in 

evaluating goal progress and informing cognition, metacognitive processes, or behavioural 

adaptations to maximize learning performance. Hence, the presence of the cyclical loops 

substantiates the assumption by Engelmann, Dehler, Bodemer and Buder (2009) that “mutual, 

cyclic adding and extracting of context and adapted content information should result in a more 

efficient collaboration process between the learning partners” (p. 954).  

How the SMCKI script supported the collaborative learning process was further 

examined through the uptake traces among the participants throughout Phase One to Phase 

Four. As stipulated by Suthers and Rosen (2011), uptakes happened when a group member 

took up and built on previous contributions, also including situations when group members 

took up each other’s contributions or reusing someone’s phrases by phrasing or re-expressed 

their ideas. In this study, the uptake analysis demonstrated how the TEL lesson ideas were 
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developed and transformed across the SMCKI phases. Simultaneously, the uptake graphs 

enabled the visualisation of knowledge improvement across the SMCKI script phases.  

The uptake analysis showed that Group two members demonstrated a higher level of 

uptake compared to Group five. For Group two members, the uptake of TEL lesson design 

from Phase One to Phase Two was not merely a piecing together action but a deeper level of 

synergy work in place. Group two’s knowledge construction process demonstrated that a 

participant could take up one’s prior reifications and those from others. This process signifies 

a mixture of intrasubjective and intersubjective knowledge construction (Suthers, Dwyer, 

Vatrapu & Medina, 2007), which led to collaborative knowledge improvement. Although Siqin, 

van Aalst and Chu (2015) noted that collectively improving ideas among students of different 

levels of knowledge may not be easy, and ideas development could be slower than expected, 

findings from this study showed alternative results. In this study, Group two members, who 

had a different level of prior knowledge, showed an increase in improvable ideas within a short 

duration. This result demonstrated how the SMCKI script supported rapid collaborative 

knowledge improvement, where the term rapid represented a short cycle. Furthermore, the two 

intra-group phases of the SMCKI script (Phase Two and Phase Four) provided the opportunity 

for the participants of different knowledge levels to level up each other’s knowledge and 

improve their collective group TEL lesson design across the collaborative phases. 

In contrast, the uptake analysis of Group five demonstrated a lower level of uptake 

between the two group members. From Phase One to Phase Two, the uptake traces showed that 

Group five members attempted to synergise their TEL lesson design by considering the best 

TEL lesson procedures from both members to form their group TEL lesson design. Although 

Group five’s TEL lesson design was a piecing of information together without any revision, it 

was the best effort from the group members at that point. The inability to rise above the 

consolidated work could be due to the group members limited prior knowledge. Uptake for this 
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group was shallow, resulting in no increment to the TPACK score for their Phase Two group 

TEL lesson design. This situation echoes the finding from Heo, Lim and Kim (2010) that less 

knowledgeable one’s experienced knowledge sharing, mainly by transmitting information from 

one to another. 

The concept of uptake applied to intrasubjective relationships between the direct events 

and the intersubjective ones need not necessarily be directed towards any other actors (Suthers 

& Medina, 2011). In this study, Phase Three class-wide peer critique enabled knowledge 

sharing among all groups at the class level. This uptake behaviour transformed the taken-up by 

interpreting it as having certain relevance for further participation (Suthers, Dwyer, Vatrapu & 

Medina, 2007). The relevance here refers to the content, pedagogy and technology knowledge 

related to the TEL lesson design and how the peer comments related to this knowledge 

supported the improvement of the group artifact during Phase Four refinement. Uptake took 

place when the participants took up each other’s contributions (Suthers & Medina, 2011). In 

this study, the uptake during Phase Three led to collaborative knowledge improvement in Phase 

Four. This uptake need not be linear, as with the case of Group five, where the participants 

drew knowledge from Phase One during Phase Four to further refine their TEL lesson design. 

This behaviour is consistent with the constructivist learning approach that learners do not learn 

linearly, and that learning is a cyclical process by which learners occasionally move back and 

forth (Mishra, Gupta & Shree, 2020). 

There is also a distinction between how the shared knowledge was constructed during 

Phase Two intra-group synergy for the two illustrated groups in this study. According to 

Fischer, Bruhn, Gräsel and Mandl (2002), collaborative knowledge construction involves 

externalising task-relevant knowledge, conflict-oriented consensus building, and integration-

oriented consensus building. Despite the same SMCKI script applied to the same task, the 

participants with different knowledge levels appropriated the script differently.  
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In this study, the SMCKI phases created the opportunity for unshared knowledge to be 

shared explicitly in each SMCKI phase. According to Csanadi, Kollar and Fischer (2020), 

unshared knowledge is referred to as “knowledge and ideas that only single group members 

possess” (p. 151). The knowledge shared by individuals at SMCKI Phase One for the group 

members to leverage during Phase Two for the synergy of ideas laid the foundation for 

knowledge construction. During Phase Three, knowledge sharing was extended to a wider 

spectrum, bringing knowledge construction at Phase Four to a higher level. During Phase Four, 

the participants were instructed to synthesize the peer comments from various groups before 

deciding on the refinement of the group TEL lesson design. When the participants were 

expected to articulate higher levels of understanding to rise above the current knowledge level, 

deeper knowledge would be produced (van Aalst, 2009). 

The uptake analysis of the two groups demonstrated that both groups constructed 

knowledge differently during the scripted SMCKI process. At the entry phase (Phase One), all 

the participants contributed the prior knowledge before the synergy process at Phase Two. 

During Phase Two, Group two members commenced by demonstrating a high level of 

knowledge construction. The study by Shukor, Tasir, Van der Meijden and Harun (2014) found 

that collaborative groups who could construct high-level knowledge tend to negotiate on shared 

information. This behaviour was present in Group two members. In essence, the uptake traces 

showed that Group two members actively revised the shared knowledge from Phase One onto 

the group TEL lesson design during Phase Two before presenting the synergised product on 

the collaborative graph-based workspace before Phase Three took place. On the contrary, 

Group five members considered a lower level of knowledge construction by piecing together 

knowledge shared from Phase One to Phase Two. In short, the knowledge construction process 

at Phase Two was different for the two groups, signifying two different outcomes. The fact that 

each group was tasked to showcase a TEL lesson design for class-wide critique at Phase Three 
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implied that both groups would have put in their best effort to create the best quality TEL lesson 

design during Phase Two intra-group synergy. The co-construction of shared knowledge at the 

group level would have already reached its maximum knowledge level before Phase Three 

emerged. Therefore, when the inter-group peer-critique took place, this knowledge level was 

further elevated, setting the ground for higher-level knowledge construction to set in during 

Phase Four refinement.  

In this study, the SMCKI Phase Three provided the avenue for knowledge sharing to 

be extended to the wider spectrum, which is at the class level. This phase provided the 

participants from Group five to overcome the low level of knowledge construction through the 

external help from Phase Three peer comments. These peer comments directed the participants 

to engage in higher-level thinking (Phase Four) and re-align their TEL lesson procedures 

according to the task requirement instead of applying inappropriate pedagogy knowledge to 

the reading comprehension lesson design. Although the external help could help clarify the 

misconceptions, the low prior knowledge of the Group five members could have limited their 

level of knowledge improvement. These findings concur with Mende, Proske, Körndle and 

Narciss (2017). They claimed that learners with high prior knowledge profited well from scripts 

with lower guidance, which aligns with the definition of macro-scripts (Mende et al., 2017). 

Essentially, with the presented SMCKI script being a macro-script, the participants with lower 

knowledge levels may not be able to appropriate a macro-script as ready as those with a higher 

knowledge level. Therefore, more external help would be necessary to help deepen the 

knowledge level for learners with lower prior knowledge. In other words, the participants with 

lower knowledge levels (e.g., Group five members) may likely need a high guidance script, 

such as a micro-script, to support their knowledge improvement.  
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5.1 Theoretical and Practical contributions 

This study has both theoretical and practical significance. Theoretically, this study 

provides a detailed account of the temporal patterns between the socio-cognitive events, 

offering new and important insights into the CSCL research field beyond the traditional coding 

and counting analysis. Past research studies on CSCL had commonly relied on traditional 

coding-and-counting-based from the coded content. This coding could neglect the temporal 

proximity, specifically temporal co-occurrences of codes during the CSCL activities, limiting 

and potentially providing misleading information (Csanadi, Eagan, Kollar, Shaffer & Fischer, 

2018). In a CSCL setting, learning unfolds over time (Reimann, 2009). CSCL activity is 

embedded in the unfolding of social interactions during the group processes (Stahl & 

Hakkarainen, 2020). Hence, adopting a process-oriented account can show how the individuals 

interact within groups, which are essential aspects of productive collaborative learning within 

a CSCL environment (Stahl, Ludvigsen, Law & Cress, 2014). Examination of these processes 

in depth can reveal the development of critical epistemic, group and social practices (Stahl & 

Hakkarainen, 2020).  

Taking time and order into account is relevant in collaborative learning research and is 

challenging (Reimann, 2009). From the quantitative analysis, the lag sequential analysis 

provided an overall picture of the sequential behavioural pattern when the participants engaged 

in the collaborative lesson design scripted by the SMCKI. Besides, the lag sequential analysis 

offered a deeper understanding of collaborative knowledge improvement by exploring the 

participants’ immediate behavioural events. Performing lag sequential analysis on the process 

logs not only allowed the visualisation of the immediate sequential events within the CSCL 

environment but can also illustrate the significant behavioural patterns the participants took to 

improve the TEL lesson design in this study. However, temporality is not only about 

quantitative terms (e.g., durations, rates of change), but the order matters (Reimann, 2009).  
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Learning could be seen as a social process where experienced learners can share his or 

her knowledge with the less advanced learner (Vygotsky, 1980). Based on the view that 

knowledge construction in the field of CSCL may not be limited to results from content analysis 

(Clarà & Mauri, 2010), the qualitative uptake analysis in this study provided a detailed analysis 

of the process of collaborative knowledge improvement across the collaboration script. It 

helped describe, demonstrate, and broaden the quantified analysis perspective in detail. The 

uptake traces illustration from the uptake analysis contributes to the research field. Qualitative 

methods could complement computational approaches, addressing the current theoretical and 

methodological gaps (Wise & Schwarz, 2017). The visible and analytic representations of these 

distributed interactions analyses were made available through the uptake graph created from 

the process trace (log files) (Suthers & Rosen, 2011). The focus of uptake analysis was not 

only on analysing the process data; the exact learning outcome was also illustrated through the 

detailed uptake traces. This analysis addresses the need for studies to examine how CSCL 

learning processes could affect learning outcomes (Csanadi, Eagan, Kollar, Shaffer & Fischer, 

2018). Moreover, the uptake analysis conducted on empirical data aimed at reaching a robust 

understanding of CSCL processes – an important goal of addressing complex and messy efforts 

of implementing collaborative practices recommended by Stahl and Hakkarainen (2020). 

Taken together, the quantitative lag sequential analysis and the qualitative uptake 

analysis contribute to the detailed examination of the CSCL process by elaborating on how the 

scripted collaborative learning phases supported socio-cognitive development for collaborative 

knowledge improvement during the scripted collaborative lesson design session. 

Furthermore, the detailed analysis across phases could overcome the common statistical 

computations that aggregate across significant temporal variations between pretest and posttest, 

obscuring the “potentially interesting transformations or group processes taking place in-

between” (Stahl, Cress, Ludvigsen & Law, 2014, p. 123). Therefore, the events coding the lag 
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sequential analysis had illustrated the significant transformation of behavioural patterns across 

the SMCKI phases. These significant behavioural patterns within each collaborative learning 

phase demonstrated the temporal transitions between the initial ideation (Phase one) to the 

outcome (Phase four) of the TEL lesson design. Furthermore, the qualitative uptake analysis 

further complemented the quantitative lag sequential analysis by providing an in-depth 

illustration of the collaborative knowledge improvement process. The uptake traces during the 

two intra-group phases corresponded with the significant behavioural patterns illustrated in the 

lag sequential analysis. In addition, the individual effects were also illustrated through the 

transition between Phase one individual ideation to Phase two intra-group synergy. How 

individuals contributed to the group outcome was also elaborated in detail in the mixed-method 

analysis. Therefore, this analysis contributed to the advocation by Ludvigsen and Steier (2019) 

on the need for “robust empirical studies with strong theoretical foundations in cognitive, 

socio-cognitive, and socio-cultural stances” (p. 420). In essence, the analysis had illustrated 

that the macro-script SMCKI supported the cognitive and social aspects of the CSCL scenario. 

This analysis contributes to the call for detailed process-oriented studies and studies that focus 

on specific features of support-enhanced learning for further progress in CSCL studies 

(Ludvigsen & Steier, 2019). Furthermore, Janssen and Kirschner (2020) have also called for 

CSCL research to focus on interaction processes and the measurement of its related online 

collaboration outcomes. Therefore, these analyses can address the need for more diverse 

analytic efforts and experimentation in CSCL mixed-method approach (Jeong, Hmelo-Silver 

& Yu, 2014). 

In all, the mixed-method analysis in this study responded to the quest for process 

analysis to understand the “conditions under which CSCL can successfully elicit and facilitate 

the kinds of processes needed for students to achieve a deep understanding of the learning 

domains” (Jeong, Hmelo-Silver & Jo, 2019, p. 3). Stahl (2015) stated that the documentation 
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of the “desirable forms of collaborative knowledge building is disappointingly rare” (p. 160) 

as analysing the co-attention and shared understanding at individual, small-group and 

community level within the collaborative learning environment is undeniably challenging 

(Stahl, 2015). Furthermore, Stahl, Cress, Ludvigsen and Law (2014) also pointed out similar 

considerations in the CSCL research concerning the analysis of interactions during group 

processes and individual effects in the authentic classroom. However, the generated process 

logs from the AppleTree system in this study facilitated the process data collection, which 

aided in the coding and analysis process for the lag sequential analysis followed by the uptake 

analysis. This analysis process supported the notion that in a CSCL environment, the entire 

collaboration process can be made visible through the capturing of the process logs generated 

by the technological system (Stahl, 2015).   

Secondly, how Phase one individual ideation supported collaborative knowledge 

improvement to the subsequent phases of the SMCKI script contributed to the examination of 

CSCL scripts concerning the role and process of individual ideation for CSCL. This 

examination could provide further insight into the varied pedagogical approaches of scripting 

a CSCL setting that involves an individual ideation phase. 

The setting of an individual ideation phase before the collaborative learning phase is 

not new. However, focusing on examining the temporal sequentiality involving the individual 

to the small-group interactions and class across the scripted collaboration learning process is 

rare. Therefore, the analysis of the process of how the individual ideas supported the co-

construction of group knowledge could inform future pedagogical approaches on collaborative 

learning scripting.  

There are two areas of contribution related to the individual ideation phase of the 

collaboration script. They are 1) The lag sequential analysis from Phase One to Phase Two 

showed that the individual ideation phase provided every participant with the opportunity to 
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contribute their TEL lesson design in the collaborative workspace serving as preparation work 

for Phase Two intra-group synergy, and 2) The uptake analysis demonstrated that 

externalisation of knowledge at Phase One served as an important foundation to the knowledge 

sharing and group synergy during Phase Two. 

Individual ideation as a preparatory phase may not be a novel approach. The think-pair-

share is one such strategy that falls under the diverse approaches of collaborative learning. In 

this approach, the individuals were given time to think before involving another partner to share. 

Externalisation of mental processes is not a mandatory option, although some research studies 

do enforce it. However, the emphasis of the individual phase in this research was the explicit 

visualisation of prior knowledge by every group member before the intra-group collaboration. 

The stipulation of externalisation via a graphical structure eased the process of group synergy 

to rise above the quality of the individuals, which is vital to the authentic context where time 

duration is a constraint. Besides, the externalisation of the individual ideation phase ensured 

no loss in individual voices. This stipulation assured that all participants contributed their 

knowledge at the individual phase. In addition, common issues with the silent participants 

(Persico, Pozzi & Sarti, 2010; Remedios, Clarke & Hawthorne, 2008; Slakmon & Schwarz, 

2014) and unequal level of collaboration, and maintaining a balance of participation (Hsu, 

Chou, Hwang & Chou, 2008) could be resolved.  The shared knowledge from the individuals 

in visual form supported smoother knowledge co-construction during the synergy in Phase Two. 

This scenario concurred with the findings by Miller and Hadwin (2015) that when groups were 

provided with the visualization of individuals’ work, they could align their goals with each 

other and appropriate their task specifications better. This observation supports Farrokhnia, 

Pijeira-Díaz, Noroozi and Hatami (2019) that having individual preparation as a preparatory 

stage enhanced collaborative learning outcomes. Essentially, the inclusion of a Phase One 

individual ideation allowed each group to draw prior knowledge for the co-construction of the 
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synergised TEL lesson design during Phase Two intra-group synergy. Scripting these two 

phases provided the avenue for knowledge from the individual to be shared with the group, 

supporting the quest for future research in this area as recommended by Farrokhnia, Pijeira-

Díaz, Noroozi and Hatami (2019). Furthermore, the externalisation of ideas at Phase One 

served as an explicit base for the group members to discuss during Phase Two intra-group 

synergy. This knowledge shared could also be utilised during the subsequent collaborative 

learning phases. This scenario was demonstrated through the analysis of Group Five members, 

where Phase One knowledge was extracted for Phase Four refinement. This behaviour 

concurred with the claim that external representations could facilitate subsequent negotiations 

(Suthers, 2006b). 

Thirdly, the deep analysis between Phase Three to Phase Four had shown that scripting 

a peer critique phase between two intra-group discussion phases could positively influence the 

social dynamics at the class level, leading to improved cognitive development. The intentional 

subsequent refinement phase could purposefully promote collaborative knowledge 

improvement. The findings from this analysis contributed to a greater awareness of the 

effectiveness of scripted phases on the learning activities and outcomes (Vogel, Wecker, Kollar 

& Fischer, 2017).  

In addition, findings from this study had shown that for collaborating groups with 

higher prior knowledge learners, the inter-group peer critique phase extended the knowledge 

sharing circle beyond the intra-group Phase Two. This extended knowledge sharing provided 

broader perspectives which elevated further improvement to the group product at Phase four. 

For groups with lower prior knowledge learners, the scrutiny by members of other groups could 

help identify misconceptions that were not possible at the intra-group level. Moreover, the 

inter-group peer comments enable knowledge improvement and new knowledge creation, 

which would not be achievable without external help. This in-depth analysis could contribute 
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to the research field of CSCL script advocating for further research to observe the descriptive 

pattern of learners acquire more knowledge when guided by the CSCL script (Vogel, Wecker, 

Kollar & Fischer, 2017). 

Fourthly, examining SMCKI script in authentic contexts is an area that is yet to be 

explored in greater depth. The first research study that leveraged the SMCKI script was 

conducted in a secondary school science classroom. That study focused on students’ domain 

knowledge performance when they engaged in a scientific argumentation class guided by the 

scripted collaborative process (Chen et al., 2019). The positive findings motivated the 

employment of this script to the pre-service teachers’ education (Chen, Tan & Pi, 2021). Often 

found in CSCL research was the employment of experimental designs in a controlled classroom 

or laboratory situation, which could lead to questions about how students could engage in the 

meaning-making process in a real-life situation (Wise & Schwarz, 2017). This study was set in 

an authentic context on how a TEL lesson design course could be conducted. During the entire 

collaborative lesson design session, the participants were engaged in a CSCL environment in 

a real-life collaborative learning environment. This environment situated the participants in an 

authentic meaning-making process to learn to design TEL lessons for Chinese language 

teaching and learning in the Singapore mainstream schools. Moreover, Matuk, Tissenbaum and 

Schneider (2019) deemed that real-time technologies designed from a CSCL perspective 

should aim at incorporating the best strategies to promote collaborative learning. The 

incorporation of the SMCKI script to the AppleTree system aimed to facilitate a smoother flow 

of the phase-to-phase process of the SMCKI script. Leveraging the embedment of the hard 

switches of the SMCKI phases from the AppleTree system, this study offers a systematic 

examination of how real-time technologies can support the participants in appropriating the 

SMCKI script. Additionally, this study contributes to the call to examine the variations of 
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SMCKI (Chen, Tan & Pi, 2021) by analysing how the SMCKI script was enacted from Phase 

One to Phase Four for collaborative knowledge improvement. 

Finally, for the TPACK research field, this study took a different stance by analysing 

the TPACK development of the TEL lesson design across the individual and collaborative 

phases. This analysis is different from the common reliance on self-report data when examining 

the pre-service teachers’ experiences with TEL lesson design (Koh & Chai, 2014; Luo, Murray 

& Crompton, 2017). Past research studies on TPACK frequently utilised self-reported 

questionnaires for assessment (Schmid, Brianza & Petko, 2020). In this study, the important 

data set was the TEL lesson design artifacts collected from the AppleTree system. Content 

analysis was conducted on this set of TEL lesson design artifacts to analyse the collaborative 

knowledge improvement across the SMCKI phases. The content analysis provided an in-depth 

description to strengthen the knowledge improvement results demonstrated by the TPACK 

score. Furthermore, researchers on TPACK development commonly delved into quantitative 

results focusing on developing teachers’ TEL knowledge, have advocated for more qualitative 

studies to trace teachers’ TPACK development stages (Koh & Chai, 2014). Therefore, the 

uptake analysis in this study, which traced how the TEL lesson design developed throughout 

the different SMCKI phases, can contribute to this recommendation for qualitative studies to 

trace pre-service teachers’ TPACK development. It aims to fill the research gap in responding 

to the challenges to evaluate the group product as a more objective measure, as well as to trace 

the development of their knowledge through qualitative measures to detect critical episodes in 

their interactions and the presence of the content, pedagogy, and technology knowledge 

(Papanikolaou, Makri & Roussos, 2017).  

This study is also of practical significance. Firstly, research in the development of 

teachers as designers is relatively young (Kirschner, 2015). From the perspective of teachers’ 

education, this study contributes to developing teachers as designers by creating a collaborative 
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learning environment where pre-service teachers can work together to improve their TEL 

lesson design through the scripted collaborative lesson design session. This contribution is 

important as developing the teacher-as-designer mindset by engaging pre-service teachers in 

lesson design activities is significant (Hong, Lin, Chai, Hung & Zhang, 2019). In addition, as 

our societies enter the fourth industrial revolution, the need for teachers to leverage digital 

technologies to develop students’ 21st century competency is pertinent (Hong, Ma, Lin & Lee, 

2020). Hence, developing teachers with the capability to design technology-mediated lessons 

would have to hasten. Besides, designing TEL lessons is reckoned as a complex and difficult 

task. The critical component of the participants’ social construction of knowledge and the 

higher-order thinking processes is vital yet not easy to achieve (Heo, Lim & Kim, 2010).  

With the SMCKI scripted phases, the designing spaces created for the pre-service 

teachers to interact with each other as designers allow them to engage in the thinking process, 

enabling a productive collaborative process of developing them as designers of TEL lessons. 

This scenario showed that when pre-service teachers engaged in a scripted collaborative lesson 

design, they improved their TEL lessons design throughout the scripted SMCKI phases. 

Concisely, the promising results of this study provide a significant contribution to the research 

area of teachers as designers, particularly in the designing of TEL lessons, which is reckoned 

as important (Kirschner, 2015). Corresponding to this contribution is the setting of authentic 

learning activities for the pre-service teachers, which can help them convey the learning 

experiences into professional practice (Luo, Murray & Crompton, 2017). Specifically, the 

meaningful learning experience for pre-service teachers in this study benefitted them when 

they relate their learning to designing and implementing a collaborative learning environment 

supported by technology. This experience is important as Luo, Murray and Crompton (2017)’s 

study has shown that the pre-service teachers perceived authentic learning experiences as a 

good introduction to learning how to consider designing technology-mediated lessons better.  
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Secondly, this study revealed an alternative pedagogical approach to scripting 

collaborative learning in an authentic setting. Leveraging a collaboration script to orchestrate 

a CSCL environment is considered a practical need as it could ideally support the achievement 

of the learning objectives (Prieto, Holenko Dlab, Gutiérrez, Abdulwahed & Balid (2011). The 

collaboration script in this study not only addressed the social issues commonly associated with 

collaborative learning, but the co-construction of knowledge that led to knowledge 

improvement was also well achieved. All these were shown by the results from the quantitative 

and qualitative analysis. Moreover, it was also noted that the preparation and enactment of 

orchestrated activities do not necessarily follow a linear process (Prieto, Holenko Dlab, 

Gutiérrez, Abdulwahed & Balid, 2011). This acknowledgement of how real-time scripting may 

differ from the design corresponded with the findings of this study. Essentially, the lag 

sequential analysis and uptake analysis showed that the participants’ behavioural patterns in 

the knowledge co-construction process and uptake traces of knowledge did not always follow 

the linear phases of the SMCKI script when they collaborate during the collaborative lesson 

design. This finding also affirmed the importance of every single phase of the SMCKI script. 

Given that orchestrating a collaborative learning environment with team activities, individual 

activities, and class-wide activities is a demanding process (Wise & Schwarz, 2017), script 

flexibility whereby the teacher could modify the script on the fly is an utmost concern 

(Dillenbourg & Jermann, 2007). The analysis of the impact of each phase on the entire 

collaborative knowledge improvement process exhibited an important revelation to the flexible 

adaption of the SMCKI script in future authentic CSCL contexts. 

Furthermore, the SMCKI is a script applicable for the practical implementation in either 

pure online, blended learning or face-to-face. The collaborative lesson design study with the 

full five phases conducted in an entirely face-to-face environment by Chen, Tan and Pi (2021) 

had demonstrated positive results in supporting pre-service teachers to learn TEL lesson design 
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in a collaborative learning environment. This study further contributed to the practical 

implementation by offering an empirical example of scripting collaborative lesson design in a 

fully online learning environment. This learning scenario addresses the important issues in this 

COVID-19 pandemic where face-to-face classrooms could move towards a fully online 

teaching-learning environment or a blended learning environment anytime during an academic 

semester. 

 

5.2 Study limitations and suggestions 

There are five areas of limitations identified in this study. Firstly, this study did not 

include the SMCKI Phase Five individual achievement as part of the intervention task. The 

focus of this study was on how knowledge shared affects group idea improvement rather than 

how it may influence individual knowledge improvement. Therefore, Phase Five was excluded, 

and the collaborative lesson design procedure in this study concluded at Phase Four intra-group 

refinement.  

Secondly, there was no control group in this study. Although the pre-service teachers 

were able to improve their TEL lesson design gradually and progressively across the SMCKI 

phases, it is unclear to what extent the SMCKI helps build their TEL design competency. Hence, 

the findings may not be conclusive. Comparing the effect of a scripted CSCL environment 

against a non-scripted CSCL environment by including a control group can yield more 

conclusive evidence. In addition, having a factorial design by including different treatment 

combinations with and without the individual ideation phase and the class-wide peer critique 

phase to study the effect these phases have on the intra-group can provide clearer insights into 

the effects of scripting a collaborative learning environment. Thereafter, using inferential 

statistics to determine the difference between the treatment and control groups can help ensure 

maximal representation of the population of interest.  
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Thirdly, the dyad setting in this study is small, and the potential for detecting group-

level effects for small group sizes could be low (Cress, 2008). Although some researchers 

reckoned that group size is a superficial characteristic to consider compared with the factors 

that determine the effectiveness of collaborative learning (Kirschner, Paas & Kirschner; 2009), 

it is a practical concern in authentic settings.  

Fourthly, the short duration of Phase Three could have limited the number of peer 

comments generated during the inter-group critique process. In this study, the participants were 

given five minutes to critique the TEL lesson design of other groups. Therefore, the number of 

groups each participant could visit would be limited. Hence, if a longer duration is accorded to 

the inter-group peer critique phase, the multiple perspectives gathered from other group 

members would be broadened. The larger numbers of peer comments could generate deeper 

insights to improving the TEL lesson design during Phase Four refinement. In this aspect, Ma 

(2008) acknowledged that the practical constraint on using peer feedback was the time required 

for students to gain insights. Therefore, if a longer duration is offered to Phase Three, the 

duration for the Phase Four refinement phase would also have to extend. This extension would 

allow the participants sufficient time to refine their TEL lesson design through the new insights 

gained from the peer comments. Besides, results also showed that refinement could have 

resulted from the learnings when viewing the TEL lesson design of other groups during the 

inter-group peer critique phase. Hence, a longer duration at Phase Three and Phase Four could 

possibly enable higher knowledge gains leading to more significant collaborative knowledge 

improvement. 

Finally, the unique context in this study could limit the generalization of the results to 

other contexts. In essence, this study was situated in pre-service teacher education, where the 

participants engaged in TEL lesson design in the collaborative lesson design environment. 
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Since this context might not be generalizable to other settings, more research studies would be 

necessary to explore the SMCKI scripting effect in other educational contexts. 

To address these limitations, six suggestions for future work are recommended. Firstly, 

Phase Five analysis could be included in future studies to explore the extent of the collaborative 

knowledge improvement had on the individual domain learning. Rummel (2018) claimed that 

the ultimate goal of implementing a collaboration script is to manage the interaction and 

improve individual domain learning. Therefore, including the SMCKI individual achievement 

at Phase Five could bring further insights into how scripting a CSCL environment could impact 

individual knowledge improvement. This inclusion can be taken within the same collaborative 

learning session with a longer duration or be taken out of class for individuals to complete 

independently after the SMCKI Phase Four. Practically, SMCKI Phase Five can be deployed 

in three approaches, either as a refinement by working on top of the initial individual ideation, 

as a fresh new piece of individual work or reflection of the knowledge learned throughout the 

first four SMCKI phases. Regardless of which approach, the participants could consolidate 

their learning to round up their individual achievements. This final phase signifies the ending 

of the spindle shaped SMCKI model. The top and bottom ends of the SMCKI model structure 

are the two individual phases. The spindle-shaped model depicts the commencement of an 

individual ideation phase and its conclusion with another individual phase – the Phase Five 

individual achievement. Essentially, Phase Five was designed to allow participants to 

consolidate or reflect on the knowledge shared and learned across the scripted SMCKI Phase 

Two, Phase Three and Phase Four for personal knowledge improvement. Therefore, Phase Five 

can be seen as the destination to the gathering of collaborative knowledge. Including Phase 

Five into the analysis for future studies can help reveal further insights into how knowledge 

shared from one phase to the next leads to personal knowledge improvement, not just at the 

group level but also at the individual level.   
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Secondly, an experimental design is recommended where a non-treatment control 

group in a CSCL environment, without the scripting of SMCKI, be set up to provide richer 

insights between a scripted and non-scripted CSCL environment. A factorial design could also 

be conducted to scrutinise the variation of the different scripted phases. The different variations 

can be constructed to study the effect between a scripted Phase One and a non-scripted Phase 

One and the effect between a scripted Phase Three and non-scripted Phase Three. With these 

different variations, the specific improvement caused by SMCKI can be further investigated. 

In addition, an experimental group leveraging SMCKI to script a non-CSCL environment can 

also be conducted to examine the effect of SMCKI in a collaborative learning environment not 

supported by technology.  

Thirdly, SMCKI could be examined in other contexts to confirm how it elevates 

collaborative knowledge improvement in a CSCL setting. Although the SMCKI had been 

implemented in a small number of local primary and secondary schools and some of the 

researcher’s pre-service education classes, future research studies can be conducted with more 

classes in these settings and even at the post-secondary school level (high school level) to 

examine how the SMCKI script is appropriated in more educational contexts. Moreover, past 

research has reported that learners’ competency to deal with the use of technology during 

collaborative learning increases with educational levels (McKeown et al., 2017). Hence, the 

research participants of this study who possessed a diploma qualification minimally warranted 

them an additional advantage in the collaborative learning environment. Therefore, engaging 

learners in different education levels can help establish stronger evidence on the SMCKI 

script’s effectiveness.  

Fourthly, gender, group composition and group size can also be considered since these 

are important aspects that would affect collaborative knowledge improvement outcomes. In the 

current study, all the participants are female. Although the research study by Wu and Wang 
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(2020) showed that all-female groups are the most active groups during the collaborative 

learning activity, how different gender composition groups behave during a scripted CSCL 

environment should not be ignored as a mixture of gender exists in real-life settings. 

Furthermore, the support for CSCL is not just a feature of digital design but also requires social 

and educational designs such as group composition (Ludvigsen & Steier, 2019). Since dyads 

in this study were randomly grouped, future studies can further explore the impact of script on 

intentional groupings according to participants’ prior knowledge, groups with more than two 

members or groups with different numbers of members. The allocation of the participants to a 

group with a different composition, such as grouping according to the participants’ level of 

prior knowledge, can be an area for future exploration on how the script would respond in 

different group compositions. 

Fifthly, further work can be conducted on the deployment of SMCKI in different 

learning environments. One possible avenue is a blended approach adopting a combination of 

face-to-face and online sessions in the scripting procedure of the SMCKI script. For example, 

one SMCKI cycle can take place over several lessons with Phase One and Phase Two 

conducted in a face-to-face setting during a class session, Phase Three and Phase Four 

conducted online with the teacher facilitating the students to complete the peer critique and 

refinement via a virtual environment, and finally, Phase Five conducted as a closure to the 

SMCKI cycle in a face-to-face environment. Besides, the SMCKI script can be employed in a 

fully online CSCL setting, as in this study, or on a fully face-to-face approach without an online 

presence. Another avenue is the segregation of out-of-class and in-class phases. For example, 

Phase One individual ideation can be taken out-of-class where the participants work 

independently to prepare their content knowledge to be shared during Phase Two. Thereafter, 

the participants could commence the CSCL activity directly from Phase Two intra-group 

synergy in an in-class environment, followed by Phase Three and Phase Four, concluding with 
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Phase Five in an out-of-class environment. Further, in a CSCL environment where the 

technological workspace is utilised, the participants within-group can present their ideas 

individually in the shared workspace or separately on a solitary workspace. In this study, where 

all TEL lesson design was populated on the shared workspace in a CSCL environment, the 

participants had the ease of access to each other’s individual TEL lesson design during Phase 

Two intra-group synergy. Besides implementing the SMCKI script in a CSCL setting, this 

script can also be deployed in a non-technological collaborative learning environment. In a 

non-CSCL setting, students could work collaboratively on paper-and-pen at each SMCKI 

phase. Within a paper-and-pen scenario, the participants can be given the necessary stationery 

such as markers, papers or post-it notes for Phase One, Phase Two, Phase Four and Phase Five. 

For Phase Three inter-group critique to occur in a non-CSCL environment, each group could 

display their group artifact at the wall space of the physical classroom. Inter-group members 

could use paper note-sticks (post-it pads) to write down their peer comments and paste them 

onto the group artifacts when they walk around the classroom to view and critique the displayed 

artifacts. In addition to setting a non-CSCL setting, the duration for each SMCKI phase would 

likely need to be adjusted accordingly as collaborating on paper and via technology are two 

different environments. 

Finally, future work could adopt micro-scripting within selected phases of the SMCKI 

script, for example, providing prompts within Phase Three inter-group critique. Mende, Proske, 

Körndle and Narciss (2017) claimed that including micro-scripts could benefit learners of low 

prior knowledge. In the current study where the AppleTree system was deployed, the embedded 

opinion and elaboration feature in the AppleTree peer critique phase is similar to that of a 

micro-script prompt. During the AppleTree peer critique phase, the system would require the 

participants to indicate their opinion and elaborate the reason for the opinion when they double-

click on the bubble to provide peer comments. The three types of opinions for the participants 
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to select include “agree with”, “disagree”, and “neutral”. These three opinions are illustrated 

with smiley icons. A comment box with the word “Elaboration” served as a prompt to remind 

the participants to type in their qualitative peer comments. Despite having a space provided for 

the entry of peer comments, there was no specific instruction on what form of elaboration to 

give to support the opinion given. Since instructional support for peer feedback is a vital 

scaffold to support and structure peer learning conditions (Harney, Hogan & Quinn, 2017), 

providing specific scaffolds and instructions are essential to help the participants perform 

concrete learning activities (Mende, Proske, Körndle & Narciss, 2017). Such prompts could 

scaffold and directly influence group members’ interactions with specific instructions (Wang 

& Mu, 2017). Besides micro-scripting Phase Three inter-group peer-critique, micro-scripts can 

also be provided during the two intra-group phases (Phase Two and Phase Four) to help the 

low prior knowledge participants engage in deeper interactive activities to promote greater 

depth in knowledge co-construction. Mende, Proske, Körndle and Narciss (2017) deemed that 

low prior knowledge learners commonly performed fewer constructive activities, and a high 

guidance script that provides finer-grained scaffolds would be more suited for such learners. 

Such high guidance scripts, which can be regarded as micro-scripts, could take the form of 

question prompts or sentence starters to support the interactive activities during the intra-group 

discussion phases. Therefore, by combining macro- and micro-scripts, the varying levels of 

guidance targeting inducing different interactive activities can be better managed (Mende, 

Proske, Körndle & Narciss, 2017).  

To conclude, this study had demonstrated the benefits of engaging pre-service teachers 

in a scripted CSCL lesson design session during their pre-service education. The participants 

in this study have shown their professional growth in TEL lesson design through the improved 

TEL lesson design constructed during the collaborative lesson design session. Considering the 
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significant findings of this research, the researcher hopes that the limitations of this study and 

the recommended future works can be taken up for further exploration in future research studies. 
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Appendix C Five-steps of Reading Comprehension guide 

MOE Singapore Chinese Language Syllabus and Teaching Guide for Primary Schools© 

(2015) (The five-steps of reading comprehension guide) 

 

First reading 

Second reading 

Third reading 

Fourth reading 

Fifth reading 
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