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Introduction
Contemporary educational institutions need to equip students with appropriate competencies and 
skills that will enable them to succeed in a world characterised by rapid development and changes 
in technology, practices and careers (Francom 2010; Guglielmino 2013; Rashid & Asghar 2016). 
Traditionally, formal education could provide students with the knowledge and skills needed 
to do their jobs and practise their careers for a long period of time (Oswald 2003). However, the 
modern technologically complex information age necessitates an ability to continuously update 
one’s own knowledge and skills in order to keep up with development. This requirement of lifelong 
learning makes it essential that ‘people must be able to adapt to current societal changes and be able 
to self-direct the process of developing their own knowledge and skills’ (Oswald 2003:6).

Problem statement
For the contemporary student, mere acquisition of specific content knowledge while enrolled at 
an educational institution is not enough (Francom 2010). Educators have the obligation to support 
students to develop skills that will enable them to effectively adapt to changes, stay up to date 
and develop into self-directed, lifelong learners (Guglielmino 2013). The growing need to equip 
students with the skills to engage in self-directed learning (SDL) necessitates that educators 
explicitly attend to fostering these skills. Educators can foster SDL through instruction that 
provides students with opportunities to develop and improve their ability to direct their own 
learning (Oswald 2003; Song & Bank 2016). Dynan, Cate and Rhee (2008) adjudge SDL as necessary 
to develop students into lifelong learners.

According to Guglielmino (2013), educators’ contribution to promoting SDL includes 
implementation of teaching and learning strategies that are conducive to development of the 
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skills and attitudes required for moving towards SDL. 
Francom (2010) agrees that implementation of purposeful 
teaching and learning activities can promote development of 
students’ self-direction in learning. Teaching and learning 
activities aimed at development of SDL skills may contribute 
to students’ success in their current as well as their future 
learning (Kan’an & Osman 2015).

The primary components of SDL include, among other 
things, metacognition (Long & Associates 2000) and 
effective cooperation with other individuals in a group 
(Donaghy 2005). Although the outcomes of their research 
were not related to students’ levels of SDL, but rather to 
mathematics achievement, the extended research of 
Kramarski (2004), Kramarski (2008), Mevarech and Fridkin 
(2006) and Hogan et al. (2015) underscores the positive 
influence of purposeful development of metacognitive 
skills in problem-solving contexts, which is important 
for the context of this study. Similar positive outcomes were 
reached with the research of Kramarski (2004) and Bernard 
and Bachu (2015) relating to metacognitive instruction 
while students were working in groups. Conscious 
application of metacognitive strategies during cooperative 
problem-solving evokes consideration and comparison of 
the advantages and disadvantages of different problem-
solving strategies (Kramarski, Mevarech & Arami 2002). It 
must be noted that the ability to choose and implement 
appropriate learning strategies or, as in this case, problem-
solving strategies is one of the characteristic features of the 
self-directed learner (Williamson 2007).

The importance of educators implementing teaching and 
learning strategies that promote metacognitive development 
in collaborative learning environments is also emphasised 
by researchers, such as Bernard and Bachu (2015) and 
Williams and Upchurch (2001) in their research involving 
students who were solving problems by programming in 
pairs. Joseph (2009) specifically recommends development 
of metacognitive thinking strategies during collaborative 
problem-solving. Research on explicit metacognitive support 
and development when students are working in groups 
generally reports positive results in terms of academic 
achievement, but there seems to be a lack of research 
specifically on the influence of a teaching and learning 
strategy that promotes a metacognitive approach to pair 
problem-solving (PPS) on students’ levels of SDL.

The purpose of the research, which this article reports on, 
was to explore the influence of a metacognitive approach 
to PPS on students’ levels of SDL. The research question 
was ‘How are students’ levels of SDL influenced by using 
metacognitive self-questions (MSQs) when solving problems 
in cooperative pairs?’ The article is structured as follows. 
Initially, an overview is given of the conceptual-theoretical 
framework on which the empirical investigation was based. 
Thereafter, the methodology that was employed is discussed, 
findings are considered and recommendations are made. The 
article concludes with some final comments.

Conceptual-theoretical framework
The aim of education should not only be to increase 
students’ knowledge of specific subject content, but also to 
support them in developing skills that might be beneficial 
beyond the specific course content (Dynan et al. 2008). The 
information explosion of the last few decades has caused a 
significant change in the process of learning, in the sense that 
special learning skills are needed to adapt to and survive 
the loads of available information (Saks & Leijen 2014). For 
students to be academically and otherwise successful to their 
fullest potential, it has become essential that they engage in 
SDL (Kan’an & Osman 2015).

Self-directed learning
The increased focus on SDL has led to extensive consideration 
of the concept since the 1970s (Gassner 2009; Saks & Leijen 
2014). Song and Hill (2007) point out that two schools of 
thought have developed over time: one focusing on the 
process of SDL (Harrison 1978; Knowles 1975; Mocker & 
Spear 1982; Oswald 2003) and the other focusing on the 
characteristics of self-directed learners (Garrison 1997; 
Guglielmino 1978; Kasworm 1988). Brockett and Hiemstra 
(1991) distinguish between ‘self-directed learning’ as the 
instructional process and ‘learner self-direction’ as the 
characteristics of the learner. They suggest that ‘self-direction 
in learning’ includes both the external characteristics of 
the instructional process and the internal characteristics of 
the learner (Brockett & Hiemstra 1991).

Based on the different perspectives of SDL, a number of 
definitions have emerged, which have been influenced by 
various aspects (Dehnad et al. 2014). Self-directed learning 
has been viewed from the context of educational settings, 
workforce productivity or learning in the broader society 
(Bolhuis 2003). For example, from the viewpoint of SDL as 
a process, Knowles (1975) indicates that SDL occurs when 
individuals take initiative and responsibility – individually 
or in collaboration with others – identifying learning needs, 
formulating learning goals, finding appropriate learning 
resources, implementing appropriate strategies to reach their 
goals and evaluating the outcomes of the process. By contrast, 
as an example of the viewpoint of SDL as a set of personal 
attributes, Guglielmino (1978) lists the characteristics of a 
self-directed learner as the following: initiative, independence 
and persistence in learning; the ability to accept responsibility 
for own learning and to view problems as challenges, not 
as obstacles; self-discipline and curiosity; a desire to learn, 
and self-confidence; the ability to manage own learning; 
enjoyment of learning and goal orientation. More recently, 
Saks and Leijen (2014:198) succinctly described a SDL as 
being ‘able to decide what needs to be learned next and 
how his learning is best accomplished’. Commonalities in 
the different perspectives of SDL are that a self-directed 
learner takes initiative in the learning experience, accepts 
responsibility for formulating and achieving learning goals, 
has the ability to identify appropriate resources and learning 
strategies, learns independently, learns from and with others 
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and regulates their own learning. These commonalities are 
encompassed in the view of SDL recognised in this article.

One’s propensity to grow into a SDL largely depends on 
intrinsic motivation, that is, the ability to perform tasks 
for your own sake and because you enjoy doing so 
(Guglielmino 2013). The ability to self-direct one’s learning 
is present in each person to some degree (Guglielmino 
1978), but students differ in their levels of intrinsic 
motivation (Cherry 2017), and therefore also in their levels 
of SDL (Kan’an & Osman 2015). Intrinsic motivation is the 
basis of self-determination theory (Gagné & Deci 2005). 
Self-determination theory (Deci & Ryan 2002; Wehmeyer 
et al. 2017) suggests that individuals have the innate 
and universal need for competence, connectedness 
(relatedness) and autonomy. Self-directed learning affords 
one opportunity to gain mastery of tasks and learn new 
skills (competence), to interact with others and feel accepted 
and connected (relatedness) and to experience the feeling of 
being in control of one’s own goals, decisions, choices and 
actions (autonomy) (Guglielmino 2013). When individuals 
experience a sense of competence, connectedness and 
autonomy, they become intrinsically motivated to engage 
in activities that foster personal growth (Cherry 2017). 
However, such growth requires continuous sustenance, 
where social support is a key aspect (Deci & Ryan 2002).

Educators’ involvement in encouraging and intentionally 
developing their students’ SDL skills, and in sustaining their 
students’ personal growth, is of utmost importance. Learning 
activities that promote the development of SDL skills may be 
to the benefit of students to be successful in their current 
and future learning (Kan’an & Osman 2015). According to 
Gureckis and Markant (2012), people tend to be more 
successful learners when they control the learning process 
themselves, which means that they have the ability to  
self-direct their learning. Educational scholarship has 
shown that educators can promote development of SDL 
skills and independent learning through purposeful 
implementation of relevant activities and strategies in 
teaching and learning (Francom 2010; Thornton 2010). 
Such activities and strategies include, among other things, 
problem-solving and application of metacognitive strategies 
(Havenga et al. 2013). A metacognitive approach enables 
students to manage their learning, which leads them to 
become responsible and independent learners (Schraw & 
Dennison 1994), that is, more self-directed learners.

Development of metacognitive awareness 
and skills
Becoming a self-directed learner necessitates a metacognitive 
awareness (MA) of one’s own learning processes (Gassner 
2009). Metacognitive awareness involves knowledge of how 
one constructs knowledge and develops understanding, 
knowledge of various learning strategies, knowledge of the 
demands of different learning tasks and the skills to plan, 
monitor and evaluate one’s own learning (Anderson & 
Nashon 2007). A lack of MA and skills makes it difficult to 

independently take control of and manage one’s own 
learning, that is, to move towards SDL. Supporting 
students to become successful self-directed learners may 
thus be enhanced through stimulating their metacognitive 
development (Cotterall & Murray 2009). Application of 
metacognitive skills can change a routine learning process 
into a learning experience, and it is therefore considered to 
be important for lifelong learning in all ages and phases of 
life (Eldar & Miedijensky 2015; Moseley et al. 2005).

Most students need to be taught and encouraged to develop 
metacognitive skills (Joseph 2009). It seems that most 
students are ignorant about metacognition and are not 
involved in metacognitive thinking, unless they are 
encouraged to do so through appropriate teaching and 
learning activities (Bransford, Brown & Cocking 2000;  
Gezer-Templeton et al. 2017). Metacognition may 
automatically increase with age, but appropriate learning 
opportunities can accelerate metacognitive development  
and enhance subsequent learning (Tan, Biswas & Schwartz 
2006). Educators have a responsibility to help their students 
develop metacognitive skills and apply them in appropriate 
learning situations (Peters 2000). To the extent to which 
students make progress in using metacognitive skills, their 
ability to work and learn in a constructivist perspective 
increases. Their ability to evaluate their own knowledge 
construction increases and becomes steady, leading to a 
greater degree of independence in learning and problem-
solving (Peters 2000).

Promotion of metacognition in the classroom starts by 
making students aware of what metacognition and its 
contribution to academic success are (Schraw 2001). Students 
who know the benefits of metacognitive strategies and how 
to apply them display a greater ability to transfer knowledge 
and skills acquired in other learning situations (Bannert, 
Hildebrand & Mengelkamp 2009). Students’ personal 
awareness of the available learning strategies and the 
conditions under which these strategies are applied differ 
(Anderson & Nashon 2007). A variety of learning strategies 
should therefore be presented and discussed, and students 
should then be guided to construct explicit knowledge about 
how, when and where to use the strategies (Ormand 2011; 
Schraw 2001; Schraw & Gutierrez 2015; Wilson & Johnson 
2000). Finally, provision must be made for students to apply 
and practise these new skills (Ormand 2011).

The metacognitive skills needed to carry out SDL activities 
include planning, monitoring and evaluating (Van 
Merriënboer & Sluijsmans 2009). Planning involves setting 
goals and selecting appropriate strategies to attain these 
goals, monitoring involves keeping track of one’s progress 
towards attaining the set goals and evaluating involves 
assessment of both the product and the process, and the 
extent to which the goals have been achieved (Van 
Merriënboer & Sluijsmans 2009). As such, students take 
responsibility over the whole learning cycle, which should 
contribute to increasing their levels of SDL.
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Self-directed learning and cooperative pair 
problem-solving
Since the first introduction of the concept of SDL, researchers 
and authors have addressed the role of collaboration in 
SDL. Knowles (1975) opined that SDL can occur successfully 
with or without peer or facilitator collaboration, which was 
supported by the instructional model of Long (1989), who 
viewed collaboration during SDL as possible but not 
necessary. Other, and especially more recent, literature 
regards collaboration as essential in SDL, for example, 
Brockett and Hiemstra (1991), Garrison (1997), Oswald (2003) 
and Strods (2010). Silén and Uhlin (2008) suggest that 
students, in their development towards higher levels of 
SDL, need to collaborate with and get feedback from their 
educators, while peers can be regarded as resources, models 
and guides for self-direction in learning (Lee et al. 2014; 
Oswald 2003). Supporting students to become successful 
self-directed learners may thus be enhanced by implementing 
collaborative learning activities (Peters & Gray 2005; Strods 
2010).

Cooperative PPS, a form of collaboration implemented in this 
research, is grounded on the principles of pair programming 
(PP) (Williams & Upchurch 2001), with incorporation of the 
five basic elements of cooperative learning (Johnson & 
Johnson 2013). A social-constructivist context is created, 
where learning occurs as a result of the interaction between 
the two members of the pair working together at the 
same computer to solve a problem. In the research that this 
article reports on, the problem-solving involved advanced 
competence in using Microsoft Excel. With PPS (as in this 
research), each group member fulfils a specific role. The driver 
is actively involved in typing the solution on the computer 
(Nicolescu & Plummer 2003; Salleh, Mendes & Grundy 2012), 
while the navigator is responsible for guiding the problem-
solving process, by suggesting strategies, consulting 
resources, observing the driver’s work and making proposals 
to improve the solution (Berenson et al. 2004; Salleh et al. 
2012). Regular switching of roles ensures that both students 
get the opportunity to develop the different skills.

In cooperative PPS, the notion of social interdependence is 
strengthened by incorporating the five basic elements 
generally acknowledged as being essential for cooperative 
learning to be effective, as proposed by Johnson and Johnson 
(2013). The elements are: positive interdependence (group 
members perceive that no one can succeed unless every other 
member of the group succeeds), individual accountability 
(every group member’s individual responsibility to 
successfully complete their own share of the group activity), 
promotive face-to-face interaction (group members encourage 
and facilitate each other’s efforts to achieve the goals), 
appropriate social skills (active listening, conflict management, 
good communication, leadership, decision-making and trust 
building) and group processing (self-evaluation of group 
members’ cooperation, and how well they have achieved 
their goals). Mentz, Van der Walt and Goosen (2008) were the 
first to introduce inclusion of cooperative learning principles 

in PP – a strategy that proved to increase the success of PP 
considerably.

Cooperative PPS not only affords students’ opportunity to 
learn from one another but may also promote students’ needs 
in terms of self-determination theory, as embodied in SDL. 
Fostering of positive interdependence among group members 
addresses the need for connectedness (relatedness); fostering 
individual accountability addresses the need for autonomy; 
doing group processing to evaluate and realise one’s success 
addresses the need for competence.

Empirical investigation
Research design
Following a pragmatic approach, both quantitative and 
qualitative methods were implemented. According to 
Ivankova, Creswell and Plano Clark (2007), a pragmatic 
approach aims at better understanding of different aspects of 
the same problem. The quantitative part of the research 
entailed a one-group pre-test–post-test experiment (Babbie 
2007; Leedy & Ormrod 2005) to determine how students’ 
levels of SDL and MA were influenced by implementation of 
a set of MSQs when doing cooperative PPS tasks. A basic 
qualitative approach (Merriam 2009) was followed in the 
qualitative part of the research, which entailed individual 
interviews related to the students’ experiences and views of 
using the MSQs during problem-solving in cooperative pairs, 
and how it influenced their self-directedness in learning.

Participants
The research involved a class of second-year South African 
students (n = 33) who were being trained as secondary level 
computer applications technology (CAT) teachers. This sample 
was purposeful and convenient, because one of the authors 
was the lecturer for the specific module where the intervention 
was implemented. Pre- and post-test questionnaires related to 
both SDL and MA were completed by 29 students, of which 
25 were female students and four were male students, all in 
the age group of 20–21 years. Four students missed either the 
pre- or post-test and were therefore not considered in the data 
analyses. The participants were from different race groups, 
with only one not having full command of the language of 
teaching and learning, but she was accommodated through 
provision of translation into English.

Intervention
The overall approach of the lecturer in this module over one 
semester was implementation of cooperative PPS. At the start 
of every cooperative PPS session, the students were randomly 
divided into pairs. If an uneven number of students attended 
class, one of them worked individually. When doing 
cooperative PPS tasks, the lecturer also included the use of 
MSQs to prompt students to move beyond mere cognition. 
These questions were provided in electronic format as a 
checklist and had to be attended to cooperatively in each of 
the three phases (planning, practical implementation and 
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evaluation) of the task. In the planning phase, while analysing 
the problem and designing a solution, the pair had to answer 
questions that were intended to direct their metacognitive 
activities in this phase, for example, ‘Do we understand 
exactly what outcomes we have to reach with the solution of 
this problem?’ and ‘Do we know strategies/procedures that 
are appropriate to solve this problem?’ During the practical 
implementation of their planned solution, the pair had to 
answer MSQs such as ‘Do we continuously ensure that we 
understand what we are doing?’, ‘Do we think about how 
each step fits into what has already been done and what 
needs to be done next?’ and ‘Do we monitor the progress 
made with the practical implementation?’ Examples of MSQs 
that the pair had to answer in the evaluation phase of the 
problem-solving process include ‘Have we thought about 
whether the best possible strategies/procedures were used to 
solve the problem?’ and ‘Did we check if the expected 
outcomes had been reached?’

Data collection and instrumentation
For the pre-test and the post-test of the quantitative data 
collection, Williamson’s (2007) self-rating scale of self-
directed learning (SRSSDL) and an adapted version of 
Schraw and Dennison’s (1994) metacognitive awareness 
inventory (MAI) were used.

Williamson’s (2007) self-rating scale of self-directed 
learning
Williamson (2007) developed the SRSSDL for use in higher 
education to assess SDL behaviour as an indication of the level 
of self-directedness in learning. The questionnaire consists 
of 60 items, which are categorised into the five broad areas 
(constructs) of SDL, namely awareness (of factors contributing 
to becoming a self-directed learner), learning strategies (which 
need to be adopted to become self-directed in learning), 
learning activities (which one needs to engage in to become self-
directed in learning), evaluation (which is needed to monitor 
own learning) and interpersonal skills (which are prerequisites 
to becoming a self-directed learner). Each area includes 12 
items. Responses are rated on a five-point Likert scale, where 
1 represents ‘never’, and 5 represents ‘always’. The maximum 
possible total for the questionnaire is 300. Individual scores 
from 60 to 140 represent a low (L) level of SDL, scores from 141 
to 220 represent a moderate (M) level and scores from 221 to 
300 represent a high (H) level (Williamson 2007). The reliability 
of the questionnaire as a whole, as well as the five categories, 
was confirmed by acceptable Cronbach’s alpha coefficient 
values (Williamson 2007). The questionnaire is used frequently 
in SDL research in South Africa. The validity of the 
questionnaire for the South African context has been 
established by researchers such as Golightly and Brockett 
(2010). In this research, the reliability of the questionnaire 
confirms the reliability of Williamson’s (2007) SRSSDL.

Adapted version of Schraw and Dennison’s (1994) 
metacognitive awareness inventory
The purpose of this questionnaire was to determine the 
participants’ self-reported MA, and it was based on Schraw and 

Dennison’s (1994) MAI. The questionnaire was adapted to 
make it relevant for PPS. In accordance with the MAI, the 
questionnaire used in this research also consisted of 52 items, 
which were divided into two main components, with eight 
categories (constructs). The main component metacognitive 
knowledge includes the categories declarative knowledge, procedural 
knowledge and conditional knowledge. The main component 
metacognitive control includes the categories planning, information 
management strategies, monitoring, debugging strategies and 
evaluation. Responses were rated on a six-point Likert scale, 
where 1 represents ‘not at all true of me’, and 6 represents 
‘always true of me’. The Cronbach’s alpha values for these 
categories were all higher than 0.7, thus confirming the 
reliability of the categories for the specific population.

At the end of the intervention period, seven randomly- 
selected participants were individually interviewed on their 
views and experiences of using MSQs during problem-
solving in cooperative pairs. The first question of the 
interview had five sub-questions focusing on the abilities of a 
self-directed learner, according to Knowles’ (1975) definition 
of SDL. The question that the participants were to respond to 
was ‘How did implementation of the PPS and the MSQs in 
this class influence your ability to:

•	 identify your own learning needs (what you want or need 
to learn)? Explain your answer.

•	 formulate your own learning goals? Explain your answer.
•	 identify human and material resources for learning? 

Explain your answer.
•	 choose and implement appropriate learning strategies? 

Explain your answer.
•	 evaluate the extent to which you have reached the 

learning goals that you formulated for yourself? Explain 
your answer’.

The second interview question focused on the use of the 
MSQ, ‘Please describe your experience of using the MSQs 
during your cooperative PPS activities in this class’.

Data-processing procedures
Processing of the quantitative data included, firstly, statistical 
techniques and methods to determine the reliability of all 
constructs in the two questionnaires, by computing the 
Cronbach’s alpha values (Anastasi 1988), as reported in 
the previous section. Paired-samples t-tests were performed 
to determine statistically-significant (p) and practically-
significant differences (d) between the categories of the 
questionnaires.

A basic qualitative analysis approach was followed in the 
analysis of the qualitative data. Transcription of the individual 
interviews was followed by utilising the computer software 
Atlas.ti to identify relevant segments of text. These segments 
were linked to codes, categories and themes that emerged 
from the data. Identification of the themes was guided by the 
literature and the theoretical framework used in this article. 
Reliability of the processes was ascertained by having 
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transcripts checked for correctness, and codes, categories and 
themes cross-checked by another expert in the field of study.

Ethical considerations
Ethical clearance for the larger SDL project, of which this 
research is part, was obtained from the relevant research 
ethics committee. Informed consent was obtained from the 
students, and they were informed that they had the right 
not to complete the questionnaires or to participate in the 
individual interviews, without incurring any consequences. 
However, all the students experienced the intervention, as 
this intervention was the lecturer’s chosen teaching-learning 
strategy. The participants were assured that all data would be 
treated confidentially. Data collection occurred during class 
time, which did not cause inconvenience to the participants.

Results and findings
To explore the findings that address the aim of the research, 
results and findings will be reported under three main 
headings.

Students’ levels of metacognitive awareness 
before and after the intervention
Table 1 illustrates the results from both the pre-test and the 
post-test of the MAI.

From Table 1, it is evident that students’ metacognitive 
knowledge and metacognitive control had increased with 
both statistical and practical significance. Regarding the 
specific constructs, one sees a large practically significant 
change in the procedural knowledge, planning and monitoring 
constructs, although all other constructs had a medium 
practically significant difference, except for debugging (which 
had a small practically significant difference).

It is reasonable to conclude that the intervention made a 
difference to students’ MA. It is not surprising that students 
excelled in the planning and monitoring constructs, as these 
activities had been deliberately stimulated in class. The 
lecturer required students to actively plan their solutions and 
afterwards complete the MSQs that required them to 
deliberately evaluate their solutions. One could speculate 
that it is because of the deliberate focus on metacognition 
that students’ monitoring increased significantly, possibly 
because of the MSQs becoming an instinctive activity, rather 
than a deliberate conscious activity. A more detailed 
discussion of these results is presented in the ‘Discussion’ 
section.

Students’ self-directedness before and after 
the intervention
To establish students’ levels of self-directedness in learning, 
the SRSSDL was implemented before and after the 
intervention. Table 2 illustrates the results from the pre-test 
and the post-test for the SRSSDL.

From Table 2, it is evident that no statistically-significant 
differences were observed, and only small practically 
significant differences were observed. As the SRSSDL total 
did not present a large practically-significant difference 
between the pre-test and the post-test for the whole group, 
we differentiated the results by dividing the results into two 
groups, based on participants’ individual scores. Group 1 
was the participants with individual scores between 60 and 
220, while group 2 was the participants with individual 
scores between 221 and 300. Table 3 presents the results for 
group 1, and Table 4 presents the results for group 2.

From Table 3, it is evident that students who scored 220 or 
lower in the pre-test of the SRSSDL showed improvement in 

TABLE 1: Metacognitive awareness inventory – Pre-test and post-test.
Construct N Pre- or post-test Mean Standard difference p d

Declarative knowledge 24 Pre- 4.7031 0.64249 0.015 0.49**
Post- 5.0156 0.64301

Procedural knowledge 24 Pre- 4.4479 0.78705 < 0.001# 0.77***
Post- 5.0521 0.67155

Conditional knowledge 24 Pre- 4.6667 0.65585 0.007 0.51**
Post- 5.0000 0.59564

Planning 24 Pre- 4.2917 0.63676 < 0.001# 0.89***
Post- 4.8571 0.61625

Information management 24 Pre- 4.5042 0.59453 0.006 0.61**
Post- 4.8667 0.64381

Monitoring 24 Pre- 4.2560 0.57295 < 0.001# 1.02***
Post- 4.8393 0.65440

Debugging 24 Pre- 4.8389 0.65612 0.016 0.45*
Post- 5.1333 0.59758

Evaluation 24 Pre- 4.2708 0.76584 0.001# 0.69**
Post- 4.7986 0.75017

Metacognitive knowledge 24 Pre- 4.6059 0.66284 0.001# 0.63**
Post- 5.0226 0.61920

Metacognitive control 24 Pre- 4.4323 0.58789 < 0.001# 0.79***
Post- 4.8990 0.62848

#Statistically significant (p < 0.005).
*, small practical significance; **, medium practical significance; ***, large practical significance.
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self-directedness, as is evident from the medium and large 
practically significant differences observed in four of the five 
constructs. The practically significant difference (d = 1.20) 
for the SRSSDL total needs to be noted. The learning activities 
and evaluation constructs show the largest differences. A 
statistically significant difference is observed for the evaluation 
construct.

Table 4 shows that the students who had scored higher than 
220 in the pre-test of the SRSSDL did not show a significant 
increase in self-directedness. This is, however, not of concern, 
as it is more advantageous to increase the self-directedness of 
students who have lower levels of SDL. However, a medium 

practically significant difference is observed in the 
interpersonal skills construct.

The quantitative findings reported in these two sections clearly 
indicate that students in this research showed an increase in 
metacognition, as well as in some of the broad areas of SDL. 
The following section will report on the qualitative findings 
from the individual interviews with the students.

Students’ experience of metacognitive self-
questions during pair problem-solving
To understand students’ experience of the MSQs used 
during PPS, seven randomly-selected students were asked 

TABLE 4: Self-rating scale of self-directed learning – Pre-test and post-test (Group 2).
Construct N Pre- or post-test Mean Standard difference p d

Awareness 18 Pre- 4.3410 0.40989 0.268 0.27*
Post- 4.4537 0.43463

Learning strategies 18 Pre- 4.1898 0.42280 0.565 0.16
Post- 4.2593 0.54300

Learning activities 18 Pre- 4.2037 0.42705 0.885 0.04
Post- 4.1852 0.50694

Evaluation 18 Pre- 4.1991 0.44016 0.755 0.08
Post- 4.2361 0.56175

Interpersonal skills 18 Pre- 4.2454 0.39551 0.105 0.52**
Post- 4.4491 0.51540

SRSSDL – Total 18 Pre- 254.1481 22.95441 0.434 0.21*
Post- 259.0000 27.49545

Note: Individual scores between 221 and 300.
*, small practical significance; **, medium practical significance.

TABLE 3: Self-rating scale of self-directed learning – Pre-test and post-test (Group 1).
Construct N Pre- or post-test Mean Standard difference p d

Awareness 7 Pre- 3.5238 0.50395 0.066 0.57*
Post- 3.8095 0.52200

Learning strategies 7 Pre- 3.3690 0.36596 0.338 0.62*
Post- 3.5952 0.52137

Learning activities 7 Pre- 3.3929 0.28347 0.171 0.88**
Post- 3.6429 0.50624

Evaluation 7 Pre- 3.2262 0.43492 0.005# 0.85**
Post- 3.5952 0.38619

Interpersonal skills 7 Pre- 3.6190 0.23002 0.922 0.10
Post- 3.6429 0.59261

SRSSDL – Total 7 Pre- 205.5714 11.55937 0.121 1.20**
Post- 219.4286 27.25104

Note: Individual scores between 60 and 220.
*, medium practical significance; **, large practical significance.

TABLE 2: Self-rating scale of self-directed learning – Pre-test and post-test.
Construct N Pre- or post-test Mean Standard difference p d

Awareness 25 Pre- 4.1122 0.56811 0.054 0.28*
Post- 4.2733 0.53766

Learning strategies 25 Pre- 3.9600 0.54916 0.283 0.21*
Post- 4.0733 0.60778

Learning activities 25 Pre- 3.9767 0.53604 0.585 0.11
Post- 4.0333 0.55486

Evaluation 25 Pre- 3.9267 0.61910 0.170 0.21*
Post- 4.0567 0.58912

Interpersonal skills 25 Pre- 4.0700 0.45433 0.162 0.34*
Post- 4.2233 0.64223

SRSSDL – Total 25 Pre- 240.5467 30.03607 0.142 0.25*
Post- 247.9200 32.40360

*, small practical significance.
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to participate in semi-structured individual interviews at 
the end of the module. Participants 1 and 4 were male 
students and the other five were female students. In this 
section, the results from these interviews are reported  
on. The seven interviewees are indicated with P1, P2, 
et cetera.

From Table 5, it is evident that three main themes emerged: 
cooperative learning, SDL and metacognition. In this article, 
we report only on the SDL and metacognition aspects, 
although it is clear that the intervention also influenced the 
students’ view of cooperative learning.

Self-directed learning
Several students commented on how the MSQs used in the 
PPS had become a useful resource and that they enjoyed this 
way of learning (the PPS). For instance, one student stated: 
‘I really enjoyed the CAT [module] this year [...] I would not 
change anything’ (P1, male, 21 years old). Another student 
commented on the fact that they understood the work better, 
which shows that they had experienced learning success: ‘At 
the end the exam was much easier than the previous times, 
not because the work was easier, but because I understood 
the work better’ (P3, female, 20 years old). Students also 
expressed their enhanced motivation for learning in terms of 
aspects such as interest, enjoyment and goal setting. One of 
the primary aspects of SDL is taking responsibility for your 
own learning. The majority of students mentioned how they 
had learnt to take responsibility for their own learning:

‘[…] if you did not know something yesterday, and you show up 
the next day and you still do not know, they [the person you are 
working with] will notice that you are not putting in an effort, or 
you are not interested’. (P1, male, 21 years old)

Another student stated: ‘You feel responsible for the other 
person’s marks’ (P7, female, 20 years old), which indicates 
that marks are still a driving force for learning. Although it 
may seem that fear of low achievement could be driving 
these students, it is still evident that they are encouraged to 
take more responsibility for their own learning.

These findings from the individual interviews indicate how 
use of MSQs influenced the students’ self-directedness in 
learning in terms of use of resources, experiencing learning 
success, motivation and taking responsibility for learning. 
These findings are related to the findings derived from the 
SRSSDL. Being more motivated (which includes interest, 
enjoyment and goal setting) and taking more responsibility 
for own learning (which includes individual responsibility 
and positive interdependence) are related to one’s awareness 
of factors contributing to SDL. Likewise, identification of 
appropriate resources and the activities resulting in learning 
success are related to learning strategies that need to be 
adopted to become self-directed in learning.

Metacognition
As this investigation deliberately focused on fostering 
metacognition by implementing metacognitive self-
questioning in PPS, students were specifically asked to 
comment on their experience of the MSQs. The majority of 
students stated that they found the MSQs valuable. For 
instance, one student was elated when asked about the 
value of the MSQs:

‘Oh yes, it [the metacognitive self-questions] really helped a lot, 
to see what I did and what I didn’t do, and if I had forgotten 
something, to look at that next time’. (P6, female, 20 years old)

Another positive prospect noted by several students was the 
fact that the MSQs can be applied in other modules too – this 
leads to knowledge transfer:

TABLE 5: Codes, categories and themes identified from students’ semi-structured 
interviews.
Code Category Theme

Negative experience Experience of PPS Cooperative 
learningPositive experience

PPS versus individual problem-solving
Prefers individual work
Previous group work versus group  
work in CAT class
Group selection Cooperative learning
Provision of aid
Learns from others
Role selection
Advantage of group work
Active learning Teaching strategy
Lecturer provides aid
Suggestion for teaching strategy
Interaction Social skills
Communication
Conflict
Learns patience
Listening skills
Confidence
Social skills
Implementation of PP Implementation  

of PPSWrong implementation
Hard copy versus soft copy Resources Self-directed 

learningResources
Understands work better  Learning success
Disposition
Learning strategy
Preparation
Interest as driving force to work Motivation
Enjoyment
Learning goals
Teaching influence
Marks as driving force
Individual responsibility Responsibility
Positive interdependence
Responsibility for learning
Implementation in other modules Knowledge or skills 

transfer
Metacognition

Practice
Application in other modules
Other viewpoints Critical thinking
Creativity
Self-directed problem-solving
A range of viewpoints
Metacognitive activities Metacognitive  

awarenessMetacognition automatically

CAT, computer applications technology; PPS, pair problem-solving; PP, pair programming.
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‘[…] it really is something that you can use in all the modules. 
Now I have a template of it [the metacognitive self-questions], 
so I will definitely use it in my other modules too’. (P2, female, 
21 years old)

Critical thinking skills require a strong sense of metacognition. 
It was therefore not surprising that student’s made mention 
of aspects related to critical thinking: ‘[…] there were a lot of 
things that I did not know before that I [now] learnt from 
other ways of thinking’ (P4, male, 20 years old). Although 
metacognition was deliberately implemented, some students 
stated that they felt that the MSQs had become an automatic 
venture:

‘[…] now and then you think “What now?” again, and then you 
quickly have a look [at the metacognitive self-questions], so 
it sinks in, but I think it is because of the repetition’. (P3, female, 
20 years old)

These findings from the individual interviews indicate how 
the use of MSQs influenced the students’ MA in terms of 
transfer of knowledge and skills, critical thinking and 
automatic implementation of a metacognitive approach to 
learning. Greater ability to transfer knowledge and skills and 
to think critically relates to enhanced procedural knowledge, 
planning and monitoring, which were the constructs of the 
MAI that yielded significant differences.

Negative experiences
As with all teaching strategies, students did not all have 
positive experiences throughout the whole module. The most 
frequently cited negative experience was centred on the fact 
that students wanted to work on the computers themselves, 
and not alternately with the other member of the pair. It 
needs to be emphasised though that no negative experience 
related to the MSQs was cited.

Discussion
The rationale for implementing the specific teaching-learning 
strategy that this article reports on is based on empirical 
evidence of the role of metacognition in problem-solving 
(Christoph 2006; Havenga 2015; Joseph 2009) and SDL 
(Cotterall & Murray 2009; Gassner 2009; Long & Associates 
2000), as well as the role of cooperative learning in SDL 
(Breed 2016; Mentz & Van Zyl 2016; Oswald 2003; Strods 
2010). This research aimed to explore the influence of using 
MSQs during PPS on students’ levels of SDL. What was 
observed was that the use of MSQs not only positively 
influenced the MA of the whole group, but it also positively 
influenced the self-directedness in learning of students who 
initially scored low or moderate levels of SDL, as defined by 
Williamson (2007).

The findings of this research provide evidence that the use 
of MSQs during PPS firstly enhanced the students’ MA. 
Both statistically significant and large practically significant 
differences were found, specifically regarding procedural 
knowledge, strategies related to planning and monitoring 
and metacognitive control in general. Although there is a lack 

of evidence specifically on the influence of using MSQs 
during PPS in Excel on students’ levels of SDL, the findings 
of this research are in line with previous research on 
metacognitive teaching–learning approaches in problem-
solving contexts, for example, in mathematics (e.g. Gama 
2004; Kramarski 2008; Mevarech & Fridkin 2006), which 
produced evidence of improvement of MA and skills, which, 
in turn, may lead to higher levels of SDL (Gassner 2009). The 
research again underscored the fact that most students 
need to be purposefully taught and encouraged to develop 
metacognitive skills (Joseph 2009), as was performed through 
the specific teaching–learning strategy implemented in this 
research. According to Kramarski et al. (2002), purposeful 
development of metacognitive skills when students are 
working in groups promotes identification of different 
appropriate strategies to solve a problem, comparison of 
different strategies and analysis of the advantages and 
disadvantages of each strategy. These were the activities 
expected of the two members during PPS in Excel.

During this research, it became evident that students who 
initially scored low or moderate levels of SDL benefited the 
most from using MSQs during PPS, thus corroborating the 
finding of Shannon (2008) that students can become successful 
self-directed learners if their metacognitive development 
is stimulated. The quantitative results show medium and 
large practically significant differences in students’ awareness 
of factors contributing to becoming self-directed in learning, 
learning strategies that need to be adopted, learning activities 
that one needs to engage in and evaluation that is needed 
for monitoring own learning. These students’ learning 
motivation increased because of the teaching–learning 
strategy that stimulated their interest in and their enjoyment 
of working in pairs. This finding is in line with the research of 
Liebenberg, Mentz and Breed (2012), who also found that 
working in pairs increased enjoyment of a task. Using MSQs 
as a resource also required on the part of the students that 
they set their own learning goals, which, along with their 
increased motivation, positively influenced their levels of 
taking responsibility for own and others’ learning and their 
awareness of factors contributing to becoming self-directed 
in learning.

An important finding emanating from the interviews is the 
students’ experience of learning success because of the use of 
MSQs, their involvement in selecting appropriate strategies 
to solve problems and their feeling of better understanding. 
The use of MSQs influenced their realisation that being self-
directed in learning requires engagement in specific learning 
activities. The most important outcome of using MSQs is 
probably development of students’ ability to plan, monitor 
and evaluate their own learning. Using MSQs during PPS 
required of the students to plan a solution for a problem, to 
monitor the implementation and progress thereof and to 
evaluate the product and process. This continuous reflection 
on students’ cognitive processes during problem-solving 
may have instilled a disposition focused on reflection and 
monitoring of their learning processing, which is reflected by 
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the statistically significant and large practically significant 
difference yielded by the evaluation construct of the SRSSDL.

The teaching–learning strategy implemented during this 
research afforded students the opportunity to grow in their 
sense of self-determination. Using MSQs during PPS created 
opportunities for relatedness (interacting with another 
student in a pair and feeling connected through mutual 
responsibility), autonomy (having to set own goals, make 
decisions and choices and take actions during problem-
solving) and competence (mastering tasks and new skills, 
such as the ability to monitor own learning).

Concluding remarks
This research aimed to determine the influence of using a set 
of MSQs during PPS on students’ levels of SDL. From the 
results, it seems that this approach to problem-solving in 
Excel contributed to improvement of the students’ MA in 
general, but specifically in terms of procedural knowledge, 
planning and monitoring. Most importantly, both quantitative 
and qualitative results reflected that the approach positively 
influenced the levels of SDL of those students who initially 
scored moderate or low levels of self-directedness in learning. 
These students showed an improvement in their awareness 
of factors that contribute to SDL, learning strategies that need 
to be adopted to become a self-directed learner, learning 
activities that one needs to be engaged in and the skills 
students need to be able to evaluate and monitor their 
learning process and progress. Being self-directed in learning, 
and possessing the associated skills and attributes, is essential 
for the contemporary student to be able to cope in a world 
that changes at an exponential rate.

This research suggests that SDL in educational contexts 
can be promoted through a combination of metacognitive 
approaches and cooperative learning teaching–learning 
strategies, such as PPS. It is, however, important that 
cooperative activities incorporate the five elements of 
positive interdependence, individual accountability, 
promotive interaction, appropriate social skills and group 
processing.
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