
 South African Journal of Education, Volume 45, Supplement 1, October 2025 S1 

Art. #2676, 10 pages, https://doi.org/10.15700/saje.v45ns1a2676 
 

Technology-supported cooperative learning to promote deeper self-directed learning in 

computer science education 

 

Sukie van Zyl  and Roxanne Bailey  
Research Unit Self-Directed Learning, North-West University, Potchefstroom, South Africa 

sukie.vanzyl@nwu.ac.za 

 

Abstract 
The world is characterised by volatility, uncertainty, complexity and ambiguity. Disruptive online technology is impacting 

education. Students in higher education should be adaptive, resilient, deeper self-directed learners who take ownership of their 

learning and transfer knowledge and skills to solve problems in new contexts. The challenge is to apply cooperative learning 

(CL) and to promote deeper self-directed learning (DSDL) in online environments. With this research we aimed to determine 

how technology-supported cooperative learning (TSCL) could be implemented to enhance DSDL. A sequential explanatory 

mixed methods research design was applied. The self-rating scale of self-directed learning (SRSSDL) and the cooperative 

learning perception questionnaire (CLPQ) were administered before and after a TSCL intervention. Reflective journals were 

used as a qualitative data-collection instrument. The population consisted of 31 second-year computer science education 

pre-service teacher students enrolled in a course on computer networks. The quantitative data indicate an improvement in 

self-directed learning with a medium effect. The qualitative data support the quantitative results and suggested that the TSCL 

intervention contributed to fostering DSDL. Guidelines covering group composition, cooperative learning structure, class 

preparation, reflection, and task design are proposed, although their transferability to other populations requires further 

research. 
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Introduction and Background 

The emergence of new technology requires an advanced level of digital literacy and skills to thrive in a connected 

global world (Zhao, Llorente & Gómez, 2021:10). Online facilitation of classes has subsequently become an 

increasingly preferred mode of delivery (Zhao et al., 2021:2). Students, as digital natives, require teaching and 

learning approaches that involve technology (Szymkowiak, Melović, Dabić, Jeganathan & Kundi, 2021:8). 

Educators need to compile teaching and learning environments that intrinsically motivate and challenge students 

to be prepared for a world where uncertainty and rapid change have become the new normal (Szymkowiak et al., 

2021:2). Educational practices can thus either be adapted to empower students to face the challenges of a future 

world, or “miss the opportunity to influence significantly the great minds of our next great generation” (Seemiller 

& Grace, 2017:25). 

Knowles (1975:15) advocates for self-directed learning (SDL) by stating that “we are entering into a strange 

new world in which rapid change will be the only stable characteristic.” Currently, SDL is increasingly accepted 

as a requirement for successful learning in online environments (Doo & Zhu, 2024:1). In a world characterised 

by volatility and uncertainty in which complex problems must be solved, it is argued that SDL on its own is no 

longer sufficient (Van Zyl & Mentz, 2019:67). Especially in the context of computer science, students should also 

be deeper learners who can transfer their knowledge and skills and apply higher-order thinking to solve problems 

in new contexts (Qian, Chen & Chen, 2024:28–29). Deeper self-directed learning (DSDL) is, therefore, viewed 

as an essential competency where students take initiative, are proactive in their learning (Knowles, 1975:14), and 

can transfer their knowledge and skills to solve novel problems (Van Zyl & Mentz, 2019:101). This is especially 

relevant for pre-service teacher students in computer science education who must keep up with the rapidly 

changing digital landscape (Van Zyl, 2024:66). In addition, they also need to transfer their knowledge and skills 

to apply technology in innovative teaching and learning methods in online environments in their future classrooms 

(Zhao et al., 2021:2). 

Cooperative learning (CL) involves incorporating five specific elements to result in students cooperating to 

accomplish a shared goal (Johnson & Johnson, 2019:46). The impact of CL has been well-documented, which 

includes several social and academic benefits and the fostering of SDL (Johnson & Johnson, 2019:39; Low & 

Van Ryzin, 2024:672). With technology-supported CL (TSCL), technology is used to strengthen the incorporation 

of the five essential CL elements (Low & Van Ryzin, 2024:672). It is, however, not evident how TSCL should be 

implemented in online learning environments to best enhance DSDL. The aim with this research, therefore, was 

to determine how TSCL may be implemented in computer science education to enhance DSDL. 

 
Literature Review 

According to Knowles (1975:19), SDL is based on the science of helping “maturing human beings” learn. SDL 

has since been acknowledged as a fundamental and meta-competence for responding to the challenges of a 

volatile, uncertain, complex, and ambiguous (VUCA) world, with lifelong learning, adaptability, courage, and  
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resilience (Morris, 2024:236–237; Panthalookaran, 

2022:241–242). Consequently, in a rapidly 

changing educational environment where online 

learning has become prevalent, the necessity of SDL 

and the importance of learning motivation and 

self-monitoring capabilities are increasingly noted 

(Doo & Zhu, 2024:12). 

Self-directed students are intrinsically 

motivated to learn by their desire to achieve, their 

urge to grow, their satisfaction with 

accomplishment, their need to know, and their 

curiosity (Knowles, 1975:21). Although many SDL 

characteristics and skills are described in literature, 

a paucity of research exists on knowledge transfer 

and SDL (Mariano & Batchelor, 2021:141; Van Zyl 

& Mentz, 2019:68). 

Knowledge transfer – the ability to apply 

knowledge and skills to solve novel problems – is 

regarded as a fundamental goal of higher education 

(LoGiudice, Norman, Manzoor & Monteiro, 

2023:47, 50). Students should acquire transferable 

core skills that may be applied beyond the classroom 

to foster lifelong learning (Transue, 2013:188). 

Deeper learning (DL) involves acquiring knowledge 

and skills that enable far transfer and the application 

of 21st-century competencies (Pellegrino & Hilton, 

2012:8). DL also emphasises making meaningful 

connections and employing higher-order thinking, 

which is particularly relevant in the rapidly evolving 

field of computer science education (Qian et al., 

2024:29). Consequently, students in computer 

science need to become deeper self-directed learners 

who take ownership of their learning process, 

cultivate deep knowledge, develop a broad range of 

21st-century skills, and apply their knowledge and 

skills to address problem scenarios in diverse and 

unfamiliar contexts (Van Zyl, 2024:70–71). 

Interpersonal skills such as collaboration, 

teamwork and effective communication are 

considered an essential VUCA skill set in a digital 

society (Aboderin & Havenga, 2024:29; 

Panthalookaran, 2022:245). Utecht and Keller 

(2019:107) recommend that connectivism as a 

learning theory can provide guidance on using 

technology in a connected and collaborative 

learning environment. Active, student-centred 

teaching and learning strategies in a social context 

such as CL are thus recommended (Aboderin & 

Havenga, 2024:29; Low & Van Ryzin, 2024:673). 

Research indicates that CL supports the 

development of SDL (Johnson & Johnson, 2019) 

and under specific conditions, also facilitates the 

development of DSDL (Van Zyl, 2024:80). 

Moreover, Johnson and Johnson (2014:1) envision 

that technology could revolutionise CL by 

enhancing communication and enabling online 

platforms for collaborative projects. However, they 

do not address how the five essential elements of CL 

could be effectively integrated into a synchronous 

online environment. 

Conceptual Framework 

Three interconnected concepts, namely computer 

science education, DSDL and TSCL formed the 

foundation of this research (see Figure 1). These 

concepts are explicated followed by a discussion on 

why connectivism was deemed appropriate as 

interlinking framework to connect all three 

concepts. 

 

 
 

Figure 1 Conceptual framework 

 
Computer science education 

Computer science is an interdisciplinary field and 

comprises all principles of human activity within 

information and communication technology to find 

and implement solutions to real-world problems 

(Almurotovich & Mansurjonovich, 2021:223–224; 

Van Zyl, 2024:68). Computer science education, in 

addition, incorporates the pedagogical knowledge to 

develop such knowledge and skills. Computer 

science educators should be lifelong learners in this 

dynamic field and should also be able to select and 

apply appropriate teaching and learning strategies to 

facilitate the various topics (Almurotovich & 

Mansurjonovich, 2021:224). These topics range 

from having a more theoretical focus, such as 

computer networks, to topics with a more practical 

focus, such as application software, and coding and 

robotics (Van Zyl, 2024:68). 

Because computer science is characterised by 

rapid changes, teaching methods should empower 

students to be lifelong learners and adapt to change. 

Fostering SDL in computer science education is thus 

a necessity (Mthembu & Gachie, 2024:113). 

However, SDL is not sufficient when considering 

the complexity of the challenges posed by the Fifth 

Industrial Revolution. The competence to transfer 

knowledge to solve problems in unknown contexts 

should also be fostered. It is thus recommended that 

the focus of computer science education should be 

on promoting DSDL (Van Zyl, 2024:67). 
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Deeper self-directed learning 

Self-directed learning is viewed as a survival skill 

and a prerequisite for navigating in a modern world 

(Knowles, 1975:17). The SDL process is driven by 

a learning need that involves six key actions: 

diagnosing learning needs, formulating learning 

goals, identifying human and material resources, 

selecting and implementing appropriate learning 

strategies, and evaluating learning outcomes 

(Knowles, 1975:18). Although the student initiates 

these actions, collaboration plays a key role in 

fostering SDL where students share resources and 

view themselves as “mutually helpful human 

beings” (Knowles, 1975:72). 

Hattie and Donoghue (2016:11) argue that 

learning is the outcome of processes that move 

through different levels – from surface, to deep, to 

transfer. Transfer is thus viewed as the ultimate goal 

of learning, where deep knowledge is applied to 

make connections to other ideas and “being able to 

know what to do when one does not know what to 

do” (Hattie & Donoghue, 2016:11). Accordingly, 

Pellegrino and Hilton (2012:141) argue that an 

integral aspect of learning is the ability to integrate 

and apply transferable knowledge and skills across 

disciplines. They conclude that DL is a process 

grounded in social relationships, which results in the 

application of transferable knowledge and skills in 

the cognitive, intrapersonal and interpersonal 

domains (Pellegrino & Hilton, 2012:79). Learning 

for transfer, thus not only includes cognitive 

perspectives on learning, but also intrapersonal and 

interpersonal skills. 

Considering the complexities of a rapidly 

changing world, it is thus argued that education 

should focus on fostering DSDL, which incorporates 

both SDL and DL (Van Zyl & Mentz, 2019:98). 

DSDL is subsequently defined as a process, where 

the individual intentionally takes charge of the 

learning process, resulting in transferable 

competencies in the cognitive, intrapersonal and 

interpersonal domains. In the cognitive domain, a 

deep approach to learning is followed to make 

connections and transfer knowledge. In the 

intrapersonal domain, students become intrinsically 

motivated and apply metacognitive skills to regulate 

and monitor their learning, to evaluate whether 

learning goals have been met. The interpersonal 

domain becomes crucial to support and strengthen 

learning and foster transfer. Broader perspectives on 

solutions to problems are obtained while 

communicating and collaborating with others. 

Critical thinking is improved when knowledge is 

shared and ideas and solutions are discussed and 

debated with peers. Moreover, effective 

collaboration builds confidence, fosters intrinsic 

motivation, and enhances SDL (Van Zyl & Mentz, 

2019:100–101). 

The aim of the DSDL process is thus to prepare 

students to face the challenges of a VUCA world by 

applying SDL strategies for the transfer of 

knowledge and skills to solve novel problems and 

continuously developing and growing as deeper 

self-directed learners (Van Zyl & Mentz, 2019:101). 

 
Technology-supported cooperative learning 

Placing students in groups and requiring them to 

work together will not necessarily develop social 

skills and promote learning (Johnson & Johnson, 

2019:46). CL differs from traditional group work by 

incorporating five essential elements to ensure that 

each group member contributes to the group’s goal. 

Subsequently, each member is held accountable for 

the entire task. The five elements are positive 

interdependence, individual accountability, social 

skills, face-to-face promotive interaction, and group 

processing (Johnson & Johnson, 2019:46–49). 

Although designing and implementing 

effective CL environments is challenging, 

technology offers valuable opportunities to address 

these challenges (Low & Van Ryzin, 2024:672). 

When integrating technology, especially in the 

context of online learning, normal classroom 

methods should be transformed and cannot merely 

be transferred to an online environment (Siemens, 

2006:iv; Siemens, Rudolph & Tan, 2020:114). The 

aim of TSCL, therefore, is to leverage technology to 

incorporate the five elements of CL in an online 

environment to enhance social learning. 

A higher level of autonomy is required from 

students in online learning environments compared 

to physical classrooms (Park & Yun, 2018:43). It is, 

therefore, recommended that facilitators build in 

scaffolding and apply active teaching and learning 

strategies to support and encourage students to 

engage in online environments (Park & Yun, 

2018:43; Turnquest, Fan, Rangel, Dyer & Master, 

2024:17). CL, when applied in a structured way, 

thus becomes a scaffold for online learning and 

encourages students to persist in their learning 

(Johnson & Johnson, 2019:55; Kirschner, Sweller, 

Kirschner & Zambrano, 2018:220; Turnquest et al., 

2024:3). 

 
Connectivism 

Connectivism describes learning as the process of 

“combinatorial creativity” where new ideas are 

created by forming connections between existing 

ideas and concepts (Siemens et al., 2020:110). The 

ability to see connections between ideas and 

concepts is subsequently regarded as a core skill of 

connectivism (Transue, 2013:186). Learning is, 

however, not merely a function of accessing a 

network of experts but also involves developing a 

skills set to critically evaluate information, navigate 

and process contradicting opinions, self-regulate 

learning and develop a goal-oriented mindset 

(Siemens et al., 2020:111–112). This skills set is 

strongly connected to the characteristics of 

self-directed learners and the SDL process 
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(Knowles, 1975:18). Connectivism thus emphasises 

the importance of lifelong learning in a social 

context in a complex digital landscape and the 

responsibility of the individual as a self-directed 

learner to set learning goals and manage learning 

(Mukhlis, Haenilah, Maulina, Nursafitri, Nurfaizal 

& Noerhasmalina, 2024:812). 

Connectivism can be viewed as an extension of 

learning theories related to social constructivism 

(Bell, 2011:101), thus positioning CL as a teaching 

and learning strategy in the context of connectivism. 

In addition, technology plays an important role in 

enhancing collaboration and connecting the 

collective knowledge of individuals to discover 

knowledge and find solutions to problems (Utecht & 

Keller, 2019:107). Co-creation is viewed as the first 

phase of the knowledge construction process 

(Siemens, 2006:6). Thereafter, knowledge is 

disseminated, key ideas are communicated, 

knowledge is personalised, and in the final stage, 

knowledge is implemented, which recursively feeds 

into the first stage of co-creating knowledge. On the 

highest knowledge level, deeper levels of 

knowledge transform existing knowledge which 

results in innovation (Siemens, 2006:10). This view 

on knowledge and knowledge construction aligns 

with DSDL where knowledge and skills are 

transferred to new contexts. 

It is thus concluded that promoting DSDL 

aligns with the core foundations of connectivism in 

which a skills set needs to be cultivated to manage 

learning in digital environments to continuously 

move from co-creation of knowledge to 

implementing knowledge in a socially connected 

technology environment (Transue, 2013:188; 

Utecht & Keller, 2019:107). Siemens (2006:10) 

calls for the urgency to embed pedagogical practices 

to develop the “people of tomorrow” and argues that 

keeping to traditional pedagogical approaches will 

prepare “students and employees for a future that 

will not exist.” 

 
Methodology 

This research was informed by the pragmatic 

paradigm and an explanatory sequential 

mixed-methods design (Creswell & Plano Clark, 

2018:91) was applied. The population (N = 31) 

consisted of second-year computer science 

education pre-service teacher students from two 

different campuses of a South African university 

enrolled in a computer network course. A 

non-random convenience sampling approach was 

used, and all students were invited to participate in 

the study. One of the researchers also served as the 

course lecturer. To minimise potential power 

dynamics and prevent students’ responses from 

being influenced by this dual role, delayed informed 

consent was obtained after the completion of the 

course. Delayed informed consent was obtained and 

11 (n = 11) students gave voluntary informed 

consent to participate in the research. Ethical 

clearance for the study was obtained from the 

relevant ethics committee of the university and 

gatekeeper permission was also obtained. All 

procedures adhered to institutional ethical 

guidelines. 

 
Data Collection Instruments and Methods 

The self-rating scale of self-directed learning 

([SRSSDL], Williamson, 2007:68) was used as a 

quantitative data collection instrument to determine 

participants’ perceived level of SDL readiness. The 

SRSSDL questionnaire was used as a pre­ and 

post-test, before and after the respective TSCL 

intervention which was applied for 7 weeks. The 

perceptions of students on TSCL were measured 

with an adapted cooperative learning perception 

questionnaire (CLPQ) (developed by the Research 

Unit Self-Directed Learning at the North-West 

University). Reflective journals (in the form of an 

online blog) were used as a qualitative 

data-collection method. These journals were 

analysed to obtain a rich perspective on students’ 

inclination towards SDL, knowledge transfer and 

the incorporation of the elements of CL in the TSCL 

environment. 

 
Intervention 

The TSCL intervention was part of the 

teaching-learning strategy of the module and all 

students participated in the intervention. The TSCL 

intervention focused on the three domains (cognitive 

domain, interpersonal domain and intrapersonal 

domain) as required for DSDL. Microsoft Teams 

(MS Teams) was used as an online facilitation 

platform. Students were unfamiliar with MS Teams, 

and as future teachers, they could experience how 

MS Teams could be used to facilitate classes (both 

in an online setting and a hybrid and/or flipped 

classroom setting). 

Students were randomly divided into teams or 

base groups of four students. Their first task was to 

name their teams by creatively referring to network 

terminology. During online facilitation, they would 

work in novel randomised CL groups, randomly 

assigned using the MS Teams function. After class 

the students were required to work on other 

assignments in their base groups. We structured the 

course content to follow a holistic approach, and 

thus first provided an overview of the terminology 

and then focused on a deeper level on the various 

aspects of the module content. 

Several authentic scenarios were provided 

where students had to follow a problem-first 

approach. Students participated in regular Kahoot 

(an online game-based learning platform) challenges 

that served as formative assessment. Students could 

participate in Kahoot challenges as many times as 

they wanted as we aimed to provide a fun 

environment to assist students in identifying their 
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learning needs and to foster individual 

accountability. 

We provided PowerPoint presentations and 

weekly electronic guides (e-guides) as scaffolding 

on the institution’s learning management system 

(LMS). Instead of providing subject content, the 

focus of using these resources was on guiding 

students. We intentionally incorporated 

metacognitive questioning and knowledge surveys, 

as suggested by Wirth, Nuhfer, Watson, Fleisher and 

Bailey (2021:132). Students had to keep weekly 

reflection journals by using the blog tool of the 

LMS. In a fully online course where the lecturer and 

the students are distanced from each other, the blogs 

provided a means for reflection, but also a means for 

asynchronous individual communication and getting 

to know each other. 

We had never met these students face-to-face. 

Some of the students were studying at other 

campuses and were not acquainted with us as 

lecturers. The students reflected on their learning 

and provided feedback on their experience in the 

module. We also ensured that we regularly 

responded to their blog entries. We thus got 

real-time feedback on the intervention, were 

informed of challenges that they experienced, could 

encourage students continuously and were able to 

identify at-risk students. 

Data Analyses 

For the data analyses, we used paired-sample t-tests 

to analyse the quantitative results from the SRSSDL 

questionnaire and the CLPQ. We also applied 

structural coding and thematic analysis, guided by 

Saldaña (2013:267), to analyse the qualitative 

results. 

 
Results 

Figures 2 and 3 illustrate the results obtained from 

the research. When looking at the individual 

categories of the SRSSDL (see Figure 2), the paired 

sample statistics indicate that awareness increased 

with medium effect (d = 0.7). Participants thus 

showed improved understanding of the factors that 

contribute to SDL (see Williamson, 2007:70). An 

increase in evaluation (d = 0.38) and interpersonal 

skills (d = 0.39) was observed, both reflecting small 

effects. The decrease in learning strategies and 

learning activities reflected little to minimal change, 

as reflected in the effect sizes. Van der Walt 

(2014:7) states that participants initially often 

overestimate their SDL readiness. The improved 

awareness may, therefore, suggest that participants 

had become more conscious of their learning 

strategies and activities and had realised that they 

had previously overestimated their SDL readiness in 

these categories. 

 
 

Figure 2 Mean scores of the pre-test and post-test of the SRSSDL 

 

We analysed the CLPQ according to constructs 

related to the five elements of CL and SDL. The 

reliability of the questionnaire was confirmed with 

statistical analyses. The results indicate a 

statistically significant large effect (d = 0.83) for the 

individual accountability construct. The CLPQ also 

confirmed an increase in SDL with a medium effect 

(d = 0.65). The increase in both individual 

accountability and SDL provide confirmation of the 

other, suggesting consistency across the measures. 

It is interesting that by applying an intervention 

with focus on CL, participants’ individual 

accountability had improved. However, almost no 

improvement was noted in the social skills 

construct. We speculate that this is a result of how 

the CLPQ was compiled, with not many questions 

specifically focusing on the construct of social 

skills. 
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Figure 3 Mean scores of the pre-test and post-test of the cooperative learning perception questionnaire 

 

Table 1 summarises the categories and themes 

that emerged from the qualitative data (gathered  

from the students’ reflective journal blogs). 

 

Table 1 Categories and themes emerging from the qualitative data 
Category Theme 

• Transfer Deeper learning 

• Individual accountability Cooperative learning 

• Promotive interaction 

• Positive interdependence 

• Enjoyment/positive attitude/excitement Self-directed learning 

• Changing mindset/perspective 

• SDL skills/dispositions 

 

As indicated in Table 1, participants illustrated 

several aspects relating to the three main constructs 

of the intervention (DL, CL, and SDL) when 

referring to their blog entries. Only 10 of the 

participants submitted blog entries and as we kept 

the submission of the questionnaires anonymous, we 

could not map the participants’ quantitative data to 

that of their qualitative results. The three main 

themes that emerged are discussed below. 

 
Deeper Learning 

DL, with the focus on “transfer” was observed in 

statements such as: “I have learned so much 

throughout this module and it was a weird but fun 

experience doing it online and where we had to think 

of different alternative ways where we could make 

the class work fun and interesting” (P2). 

This was reiterated by Participant 4 who noted: 

“We can also always link the CAT [Computer 

Applications Technology] topics to their prior 

knowledge through having them connecting to 

things that have happened to them in the past” (P4). 

Participant 7 also made specific reference to 

how they could see that what they had learnt in the 

module would benefit or be transferred in future 

contexts: “For a future CAT teacher, I am definitely 

learning new and interesting ways to present 

theoretical content in my classroom in an exciting 

and non-boring way” (P7). 

The reference to DL being stimulated through 

the intervention reflected positively on the impact of 

the TSCL intervention. It was obvious that the blog 

entries would frequently point to collaboration as the 

main component of the intervention was focused on 

CL. 

 
Cooperative Learning 

We used the five basic principles of CL, as described 

by Johnson and Johnson (2019:47–49), to guide the 

categories emanating from the blog entries relating 

to CL. 

Participants’ specific comments point to the 

notion that the students’ individual accountability 

was stimulated during the TSCL intervention: “We 

all carried our weight this week. I am proud to be 

part of The Ethernet Squad” (P2). Participant 4 

stated as follows: “I have done my own research on 

the different topologies in order to understand the 

work better” (P4). This gives a clear indication that 

they felt responsible for their own learning (an 
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aspect of SDL). Another noteworthy comment was 

that of Participant 6, who mentioned that they had 

ensured that their work was up to date – an aspect 

that is not always common among students. 

Apart from individual accountability being 

stimulated through the TSCL intervention, 

participants illustrated a heightened sense of 

promotive interaction. 

“I almost forgot about the week 8 Kahoot test 

but luckily a friend reminded me” (P3). Participant 3 

indicating promotive interaction throughout the 

TSCL intervention. This notion was also mentioned 

by P5: “[a]nd I learned so much about it today with 

my group. I couldn’t have asked for a more fun and 

productive way than this” (P5). 

Participant 6 noted how their group 

intentionally used technology to support each other: 

“We also decided on when to Zoom to get together 

and on the same page to make sure we know what to 

do and how to support each other” (P6). 

Considering the isolation often experienced 

during pure online learning experiences, this was 

especially positive. 

The driving force behind CL, which also 

distinctively sets it apart from collaborative 

learning, is the principle of positive 

interdependence: “All the group members worked 

together as one, even though we are still busy 

finishing up the final few questions, we are working 

like the moon and the tides” (P2) – evidently 

showing synergy and a sense of interdependency in 

the group. 

Participant 6 also indicated that they engaged 

collaboratively within their group to establish a 

common understanding: “I started to discuss our 

micro lesson and we exchanged ideas, decided who 

does what and what topic and grade we are 

choosing” (P6). 

It was evident that group members worked 

well to establish positive interdependence: 

“Everyone respected each other and teamwork was 

visible since first the day. I could not have asked for 

any other team members” (P8). 

Participant 10 stated that they were convinced 

that all group members were invested in the group 

task: “There wasn’t a day that I wondered if 

someone was going to do their part” (P10). 

The findings thus indicate that the TSCL 

intervention stimulated the principles of CL and it is 

possible that these also resulted in enhancing SDL 

(also see Johnson & Johnson, 2019:39). 

 
Self-directed Learning 

Participant 2 noted: “I can’t wait to learn more 

about networks.” Although it seemed as though 

Participant 4 was despondent, it is noteworthy that 

they took the initiative to further their research on 

the topic they felt uncomfortable with: “When the 

work was explained after the test I was completely 

lost … I needed to go do my own research and work 

with super little background” (P4). 

Participant 6 stated that the class expanded 

their knowledge greatly and pushed them to equip 

themselves: “I learned a lot of new things I did not 

know anything about or even knew it existed. I like 

learning new things and equipping myself with new 

knowledge” (P6) 

One specific aspect relating to SDL is the 

confidence to expand one’s knowledge and make 

changes where needed. This was evident from 

Participant 8’s comment: “I think the fear of change 

should stop and new principles should be 

implemented in the school systems, to change the 

traditional behaviour of what learners are trained to 

be” (P8). 

Most importantly, it became evident that most 

of the participants had experienced the learning 

process positively and were thus open to expanding 

their learning: “This 2 weeks’ work was very 

interesting for me because it is the most I ever 

learned and it’s also one of my favourite themes in 

CAT” (P10). 

From the results extrapolated from the three 

datasets (SRSSDL questionnaire, CLPQ and the 

blog reflections), it became evident that participants’ 

DSDL was stimulated. In the following section we 

provide a brief discussion of the main findings in 

relation to our research question. Using 

triangulation, the results of the empirical data as well 

as the most prominent aspects from the literature 

review, position our research findings within the 

broader body of scholarship. 

 
Discussion 

The results of this research indicate that TSCL can 

promote DSDL in an online course in computer 

science education. In the body of scholarship, it is 

indicated that CL holds many advantages for the 

development of SDL (Johnson & Johnson, 

2019:39). However, we determined that including a 

technology component to incorporate the elements 

of CL, to enhance intrinsic motivation and social 

interaction, and incorporating connectivism (Utecht 

& Keller, 2019:107), elevated participants’ 

experience of the intervention and also enhanced 

aspects relating to DSDL. Participants specifically 

mentioned using technology to support each other. 

As Johnson and Johnson (2014:1) note that 

technology could revolutionise CL, and in the case 

of our research, it did. Not only did technology 

alleviate the isolation of a fully online course, but 

also encouraged participants to skilfully use 

technology to enhance the online CL experience. 

As is evident from the quantitative results, 

individual accountability (CL construct) and 

awareness (SDL construct) both increased with 

practical significance, indicating a positive change 

in the participants’ approach to learning. 



S8 Van Zyl, Bailey 

If we refer to the five basic elements of CL: 

positive interdependence, promotive interaction, 

individual accountability, social skills, and group 

processing, it is not surprising that the TSCL 

intervention had a positive effect on participants’ 

SDL and CL scores. Furthermore, the intervention 

also seemed to have had a perceived positive impact 

on participants’ DSDL. 

The TSCL intervention addressed SDL 

constructs as follows. 

The blog reflections addressed the evaluation 

construct of SDL. Group processing (the CL 

element where participants reflected on what 

worked well and how they could improve in future) 

also focused on the evaluation construct. The 

interpersonal construct was stimulated directly by 

applying CL, as students’ positive interdependence 

and their subsequent mutual reliance on each other 

were fostered. As indicated by several participants, 

individual accountability was successfully 

stimulated throughout the TSCL intervention which 

probably caused the increase in the SDL construct 

of awareness. 

Several participants specifically mentioned the 

fact that they applied the knowledge and the skills 

that they had learned in this intervention in other 

contexts. This would not have been possible had it 

not been for the use of technology, which bridged 

the geographical gap between participants and thus 

enhanced collaboration. Furthermore, we surmise 

that several guidelines became evident when 

implementing TSCL in a fully online course to 

promote DSDL. 

 
Guidelines for Implementing Technology-supported 
Cooperative Learning to Promote Deeper 
Self-directed Learning 

When implementing TSCL to promote DSDL, 

several guidelines should be considered. These 

guidelines are discussed below. 

 
Group composition 

Assigning base groups provides continuous peer 

support beyond scheduled classes. In online 

environments, group sizes should be larger to 

compensate for potential inactivity due to poor 

connectivity or other challenges. To ensure stability 

and engagement, two members can be assigned to 

each role. 

 
Structuring cooperative learning 

The five basic elements of CL should be explicitly 

incorporated. Clear instructions and the allocation of 

roles to all group members enhance individual 

accountability and encourage promotive interaction, 

as students draw on one another as resources. 

 
Class preparation 

Students should prepare before class to strengthen 

individual accountability and enable meaningful  

contributions to group tasks within the limited time 

available online. Individual pre-class activities can 

be particularly effective in this regard. 

 
Reflection and transfer 

Reflection plays a critical role in promoting transfer 

across contexts and in developing DSDL. Reflection 

tools such as knowledge surveys and blogs can 

foster intrapersonal competencies, metacognition, 

and evaluation (as DSDL constructs), while also 

serving as group processing mechanisms (a key 

element of CL). 

 
Task design and assessment 

Group tasks and assignments should target 

higher-order cognitive competencies, such as 

critical thinking and creativity (as DSDL 

constructs). Moreover, assessments and 

collaborative activities should be grounded in 

authentic, challenging problem scenarios, thereby 

reinforcing promotive interaction and positive 

interdependence among group members. 

 
Conclusion 

From the results obtained in this research, we 

conclude that DSDL could be promoted in a fully 

online course when teaching and learning methods 

are structured to incorporate certain conditions. 

Connections between students should be well 

established and active teaching and learning 

strategies, such as CL, should be applied. In 

addition, reflection tools should be incorporated, 

and group tasks and individual activities should be 

authentic and challenging, and focus on promoting 

metacognition, critical thinking and creativity. In the 

socially connected technological environment, 

participants evolved from individual knowledge 

construction to co-creating knowledge and 

transferring their knowledge and skills. We 

therefore argue that the ultimate goal of learning 

should be to promote DSDL where students as 

self-directed learners are able to transfer knowledge 

and skills across contexts, thereby achieving a 

higher level of transfer than argued by Hattie and 

Donaghue (2016:11). 

Although the findings are promising, certain 

limitations should be acknowledged. The study was 

conducted with a small population, and the dual role 

of one researcher as both lecturer and researcher 

could have influenced participants’ responses. 

While the proposed guidelines are generic and 

applicable across contexts, further research is 

required to examine the transferability of the 

findings to other populations. 
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