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Abstract

Research on adolescence has shifted from perceiving it as a period of turmoil and confusion to focusing on developmental
transition and adjustment. There is increased emphasis on understanding adolescent learning and development in response to
educational environments. However, little is known about self-directed learning (SDL) in adolescent development as
manifested within a specific subject. SDL involves learners owning their learning and being intrinsically motivated. In this
article we describe the findings related to behaviour demonstrated by Grade 9 adolescent learners of natural sciences. The
exploration provided a basis for understanding how to support meaningful learning within the context of secondary school
natural sciences education, thereby enhancing learners’ SDL behaviour. In this multiple case study we examined the patterns
that emerged from focus group interviews with 5 learner participants randomly selected from 5 schools in a school district in
South Africa (n = 25). Inductive thematic analysis was used to analyse the transcribed data, with the aim of identifying
specific patterns and emerging themes, which were framed according to Garrison’s 3-dimensional SDL model. The findings
indicate a lack of SDL behaviour among learners in all 3 dimensions, but particularly in self-monitoring. Based on the
findings, we recommend that learners in this stage of their education develop the abilities necessary to create a strong
foundation for the learning requirements they may face in higher education and beyond. Future studies are needed to
determine the extent to which enhancing adolescent SDL behaviour supports positive development.
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Introduction

Self-directed learning (SDL) is defined as “a process in which individuals take the initiative, with or without the
help of others, in diagnosing their learning needs, formulating learning goals, identifying human and material
resources for learning, choosing and implementing appropriate learning strategies, and evaluating learning
outcomes” (Knowles, 1975:18). The concept of SDL emerged from the field of adult learning (Morris & Rohs,
2021; Uys, 2021). However, this has changed recently, with SDL now also being studied at school level (Olivier
& Wentworth, 2021; Van Deur, 2017). Krugell (2019), for example, explored the affordances of case studies in
improving school learners’ SDL. Nevertheless, little research was done on exploring SDL in the context of
specific subjects, particularly in school settings. Van Deur (2017) examined managing SDL in primary school
education. Abubakar and Arshad (2015) focused on the roles of teachers and learners in developing learners’
skills in secondary school chemistry in Nigeria. The findings of their study seem to support the idea that SDL is
a process that occurs spontaneously as one learns (Karatas & Zeybek, 2020). However, the ability and the desire
to self-direct are not inherent abilities that manifest uniformly in all settings (Loeng, 2020). This is consistent
with assertions that SDL is a discipline-specific and context-specific process (Hiemstra & Brockett, 2012) in the
sense that a learner with a high degree of SDL readiness in one discipline may not demonstrate the same level of
readiness in another discipline (Brandt, 2020). These assertions drawn from the literature underscore the need
for a more nuanced understanding of SDL in specific-subject domains within the school context.

However, while SDL was initially largely framed within the field of andragogy, Garrison (1997) was the
first to propose a three-dimensional SDL model that extended application of SDL to the school context.
Although Garrison’s (1997) model helps legitimise exploration of SDL in the school context, it has mainly been
applied in the context of undergraduate students (Abd-El-Fattah, 2010; Azizah & Susanti, 2021; Zhu, Bonk &
Doo, 2020). Furthermore, the studies cited above were limited to measuring Garrison’s (1997)
three-dimensional SDL model through self-reports, which may not fully encapsulate the complexity or the
context of learners’ SDL behaviour. Recognising these gaps, we aimed to contribute to the scholarship by
applying Garrison’s (1997) model to identify and describe SDL behaviour of Grade 9 natural sciences learners
at five selected schools in the North West province of South Africa, using qualitative methods. A qualitative
approach was considered necessary to avoid response bias, as the emphasis was on searching for patterns and
trends associated with learners” SDL behaviour using Garrison’s (1997) SDL model as a lens to view learners’
responses.

In this article we also discuss the potential for fostering learner SDL behaviour among Grade 9 learners to
inform intervention and policy. This is especially important given that Grade 9 learners, who are considered
adolescents (someone between the ages of 10 and 19), are in a maturation phase where they can pivot rapidly in
a positive or a negative direction (Dahl, Allen, Wilbrecht & Suleiman, 2018). Learners in the adolescent phase
are at risk of manifesting mood and anxiety disorders (Pfeifer & Allen, 2021), behavioural challenges in the
classroom (Masedi, Pila-Nemutandani, Kolobe & Tsabedze, 2023), a lack of motivation (Uus, Mettis &
Viljataga, 2022), and vulnerability to peer influence (Blakemore, 2018). Given that little is known about SDL in
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adolescence (Schweder & Raufelder, 2022), it is
necessary to highlight the potential of teachers and
schools developing SDL behaviour in learners as a
means of laying the foundation for life skills that
will help them navigate the sensitive and critical
phase of adolescence more smoothly (Zhao, Zheng,
Pan & Zhou, 2021).

Literature Review
Self-directed learning
SDL provides a learning perspective that enables
individuals to adjust to the demands of the
changing world (Brandt, 2020; Lama, 2021;
Morris, 2019). Based on Knowles’ foundational
definition of SDL, Robinson and Persky
(2020:293) explain SDL as a six-stage process:
developing goals for study; outlining assessment
with respect to how the learner will know when
they achieve those goals; identify the structure and
sequence of activities; lay out a timeline to
complete activities; identify resources to achieve
each goal; and locate a mentor/faculty member to
provide feedback on the plan.
Onah, Pang and Sinclair (2020) applied a six-step
process to qualitatively explore SDL skills among
university students. While their model was not
adopted in our study, it demonstrates how SDL can
be meaningfully investigated through qualitative
methods. By contrast, we address a gap in the
literature, by applying Garrison’s (1997) SDL
model, which was specifically designed for
schools setting but has previously been used
mainly in higher education settings. In so doing,
we contribute to a broader understanding of SDL
among adolescents. Furthermore, other studies that
have explored SDL from Garrison’s perspective
have focused on quantifying and measuring SDL.
Azizah and Susanti (2021) conducted quantitative
research with 20 students at a state university in
Surabaya. The findings of their study reveal that
the self-management dimension of SDL was the
most prevalent, followed by motivation. The
findings also show that self-monitoring was the
least prevalent dimension. However, using
quantitative survey instruments to explain SDL
behaviour, one runs the risk of having limited
explanatory power. Mentz and De Beer (2021)
assert that the predominantly quantitative approach
in SDL research often does not provide a thick
description of SDL, as SDL quantitative
instruments tend to lack the sensitivity required to
measure nuanced changes in SDL. Thus, with our
study we broadened the line of inquiry by
implementing a qualitative approach.

Self-directed learning behaviour

Nakayama, Mutsuura and Yamamoto (2021:395)
consider learner characteristics to be “individual
mental factors that may affect learning”, while

learner behaviour is regarded as a skill. However,

researchers of SDL use the terms “SDL skills”

(Brandt, 2020:9; Karatas & Zeybek, 2020; Lama,

2021:310) and “SDL characteristics” (Chianchana,

2016:8; Du Toit-Brits & Van Zyl, 2017:122)

interchangeably. SDL behaviour can be regarded as

abilities, sets of skills, or characteristics required
for SDL.

The differences in descriptions of SDL by
various authors illustrate the multifaceted nature of
SDL, which should be considered when choosing
an SDL model to describe and explain learners’
SDL behaviour within the school context. The
three-dimensional model by Garrison (1997) has
the potential to provide a robust framework for
exploring learners’ SDL behaviour, given that the
model accommodates both internal and external
SDL activities, and because it integrates cognitive,
motivational, and social aspects relevant for a
school setting (Garcia Botero, Botero Restrepo,
Zhu & Questier, 2021). The SDL behaviour based
on Garrison’s (1997) model can be described as
follows:

e  The self-management dimension refers to the social
and behavioural implementation of learning
activities associated with the learning process
(Garrison, 1997). SDL behaviour related to the
self-management  dimension  concerns  “the
enactment of learning goals and the management of
learning resources and support”  (Garrison,
1997:22).

e  The self-monitoring dimension is defined as “the
process whereby the learner takes responsibility for
the construction of personal meaning”, which
reflects “a commitment and obligation to construct
meaning through critical reflection and collaborative
confirmation” (Garrison, 1997:24).

e The motivation dimension reflects “perceived value
and anticipated success of learning goals at the time
learning is initiated”, where SDL behaviour
associated with motivation includes “commitment to
a particular goal and the intent to act” (Garrison,
1997:26).

Natural Sciences

The context of this study is natural sciences (NS) in
the Senior Phase (Grades 7-9) in South African
secondary schools. This research involved learners
in Grade 9, which forms part of the General
Education and Training (GET) band. In NS, the
teaching and learning process has three distinct
aims: Specific Aim 1 is to practise science (the
syntactical nature of science); Specific Aim 2 is to
know the subject content and make connections
(the substantive nature of science); and Specific
Aim 3 is to understand how science is used
(science-and-society approaches) (Department of
Basic Education [DBE], Republic of South Africa
[RSA], 2011:10). Within the context of this study,
Grade 9 is considered a crucial time for laying the
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foundation for life skills to assist learners to
negotiate the delicate and critical phase of
adolescence.

Adolescent learning and development

Adolescence is the transitional stage of
development between childhood and adulthood,
representing a critical period for identity
development and learning (Dahl et al., 2018). In
this transitional stage, schools play a significant
role in shaping adolescents’ self-understanding
(Schweder & Raufelder, 2022; Verhoeven,
Poorthuis & Volman, 2019). Literature on
educational psychology plays a crucial role in
understanding the learning processes, emotional
development, and responses of adolescents in
educational  settings  (Garaigordobil,  2023).
Research trends involve examining the transition to
young adulthood, the contextual factors influencing
adolescent issues, and the resilience demonstrated
in high-risk situations (Galambos & Leadbeater,
2000). Hengstler (2001) posits that fostering
self-directed adolescent learners in distributed
learning environments is essential for transitioning
into adulthood. Schweder and Raufelder (2019:74)
assert that when SDL is introduced in a school
context, teachers can provide individualised
feedback based on each learner’s ‘“existing
physiological and psychological state and abilities.”
Empirical evidence has shown that SDL intervals
during instruction have positive impacts on
adolescents’ motivational profiles and learning
(Schweder & Raufelder, 2022). Given the benefits
of SDL for adolescents’ development, we explore
adolescent SDL behaviour in the school context to
inform how subject-specific learning processes can
be better aligned to address identified gaps.

Theoretical Framework

To support the data analysis, we drew on
Garrison’s (1997) model of SDL, which comprises
the dimensions of self-monitoring,
self-management, and motivation. According to
Garrison (1997), these three dimensions are
conceptualised based on collaborative
constructivism, which draws on insight from social
constructivism and cognitive theories of learning.

Social constructivism emphasises that a learner
constructs meaning in collaboration with others and
in isolation (Chuang, 2021). Cognitive theories are
concerned with the learner’s internal thinking
processes. Vygotsky (1978) posits that learners first
socially construct knowledge (collaborative
construction) after which the new knowledge is
internalised. Cognitive theories explain learners’
internal thinking processes (Allen, Rosch & Riggio,
2022). However, for the NS classroom, it is
essential to focus on what Veresov (2004:4) refers
to as the “hidden dimension” of Vygotsky’s work.
The word “category”, as Vygotsky’s term has been
translated into English, refers to the inter-
psychological category (where learners construct
knowledge together in social groups) and the
intra-psychological category (where internalisation
occurs). However, Veresov (2004:6) shows that the
Russian word used by Vygotsky (1978) means
“dramatic event, collision of characters on the
stage.” This means that cognitive dissonance
should be created in the classroom, and this
requires engaging pedagogies. This could also
unlock SDL behaviour consistent with Garrison’s
(1997) model.

Applying collaborative constructivist theory
to foster SDL behaviour with a sustainable vision
in line with adolescent development in a classroom
context can be achieved by enacting the three
dimensions of SDL proposed by Garrison (1997),
namely self-management, self-monitoring, and
motivation.  Shahrouri  (2016) found that
implementing Garrison’s (1997) model can
facilitate teachers’ efforts to meet learning
outcomes. While Shahrouri (2016) highlights the
potential of Garrison’s model, his study lacks
specific pedagogical guidance on how the model
can be applied in a way that is responsive to
adolescents’ developmental needs. This gap
highlights the need to explore how SDL behaviour
intersects with key developmental processes. By
framing SDL according to the perspective of
adolescent development, as illustrated in Figure 1,
we draw on collaborative constructivist theory to
offer a pedagogical foundation for fostering SDL
behaviour in ways that are in line with the
developmental processes of adolescents.
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Identity development:

May be enhanced by self-
monitoring SDL behaviour

Future orientation:

May be enhanced by self-
management SDL behaviour

(" Inhibition of immediate
impulses:
May be enhanced by
motivation SDL behaviour
h ~

Figure 1 The relationship between SDL behaviour and the perspective of adolescent development (Author’s
own compilation based on Crone & Fuligni [2020] and Garrison [1997])

By using collaborative constructivist theory,
which asserts that learning is mediated socially and
constructed through interaction and reflection,
Garrison’s (1997) SDL model can be effectively
integrated within the school context by aligning its
dimensions with the key processes of adolescent
development. The three aspects of the revised
model is described below.

e  The identity development aspect is concerned with
the process through which adolescents form a clear
and coherent sense of who they are (Crone &
Fuligni, 2020). Thus, well-established
self-monitoring  behaviour  related to the
development of cognitive processes by learners can
help adolescents set and achieve goals consistent
with their values. Self-management behaviour can
also support identity development, by enabling
learners to make autonomous decisions about their
learning path.

e  The future orientation aspect involves the ability of
adolescents to think about, plan for, and set goals for
the future (Crone & Fuligni, 2020). Development of
self-management behaviour associated with task
control can support the development of adolescent
decision-making and goal-setting skills.
Self-monitoring behaviour is consistent with the
growing metacognitive capacity of adolescents to
reflect on their actions and evaluate progress
towards personal and academic goals, thereby
reinforcing future-oriented thinking.

e Lastly, inhibition of immediate impulses 1is
consistent with a future-oriented adolescent, who is
more likely to delay immediate rewards in favour of
long-term benefits (Crone & Fuligni, 2020).
Motivation plays a key role in initiating and
sustaining effort towards learning and achieving
goals (Garrison, 1997). Thus, motivation behaviour
can support adolescents’ ability to inhibit immediate
impulses, which is necessary to pursue long-term

goals and maintain self-control, given that

motivation is related to adolescents’ emerging sense

of purpose and their ability to regulate emotions and
impulses in pursuit of longer-term outcomes

(Verhoeven et al., 2019).

The interrelationship of the SDL behaviour
provides a unique opportunity to shape how
adolescents transition into learners who are driven
(motivation behaviour) to take collaborative control
(self-management behaviour) of their cognitive
processes (self-monitoring behaviour), ensuring
positive development of their identity, where they
become responsible, self-aware, and goal-directed
adults. Accordingly, to achieve this, exploring the
current SDL behaviour of Grade 9 learners is
necessary as a starting point. The following
research question guided this process: What is the
SDL behaviour of Grade 9 Natural Sciences
learners at five selected schools in the North West
province?

Based on our understanding, the aim was to
identify which SDL dimension corresponds well
with the adolescent development process,
suggesting that enhancing learners’ SDL behaviour
can meaningfully support their developmental
needs.

Methodology

Based on the research question, we employed a
qualitative design using a multiple case study
approach. This design was well suited for gaining
an in-depth understanding of learners’ SDL
behaviour within a specific social context
(Alharahsheh & Pius, 2020). Nieuwenhuis (2016)
explains that purposive sampling involves selecting
participants based on specific characteristics or
criteria that qualify them as holders of the
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necessary data for the study. In the context of this
study, the participants had to be Grade 9 learners
who had been taught NS. We included 25 Grade 9
NS learners who were conveniently sampled from
one school district in the North West province,
South Africa. The use of convenience sampling
helped to mitigate time and logistical constraints in
accessing five schools, which were situated within
the same school district in the same province. To
ensure reliability and credibility of the data,
learners were randomly selected from a class list at
each school, which guaranteed a fair and unbiased
selection process.

Ethical guidelines were adhered to, as we
requested an independent person to serve as a
mediator in obtaining permission from the school
principals and the school governing bodies. In
addition, consent from the parents and the learner
participants was obtained, mediated by an
independent person. The participants were 14 girls
and 11 boys with ages ranging from 14 to 16 years
and representing different ethnic groups. Although
the schools were in the same school district, they
were heterogeneous in terms of socio-economic
background. For instance, Schools D and E still
faced persistent challenges in accessing learning
materials, facilities, and resources. School A was
situated in a township, while Schools B and C were
in an urban area and were well resourced.

To collect data, semi-structured interviews
were conducted using focus groups with five
learner participants from each of the five schools
(n=25). According to Willemsen, Aardoom,
Chavannes and Versluis (2022), a group of four to
five participants is considered sufficient for an
optimal discussion that allows all participants to
express their views. Each interview session lasted
20 to 30 minutes and was held on the school
grounds after school hours at times that we agreed
upon with the participants. The focus group
interview questions were prepared in advance,
informed by the above-mentioned theoretical
framework, and they were designed to elicit SDL
behaviour. For example, participants were asked to
describe some of the activities that enabled them to
better understand the topics taught in NS lessons.
This question was aimed at behaviour related to the
self-management dimension. Participants were also
asked to describe the study methods that helped
them to perform well in NS, which was aimed at
eliciting  self-monitoring  behaviour  through
prompting. Lastly, the participants were asked to
describe their roles as learners in NS lessons, where
motivation behaviour was targeted. The use of
interviews as an approach was well suited, as it
allowed for the use of prompts to gather more
information relevant to the line of inquiry
(Willemsen et al., 2022).

Data Analysis

Data analysis was conducted following an
inductive process after the focus group interviews
were recorded and transcribed and the transcripts
were manually coded using Saldaia’s (2009)
coding protocol. The first cycle involved open
coding, which was achieved by reading the
transcripts several times and inserting codes and
comments on participants’ responses using the
review feature in Microsoft Word. This process
allowed us to identify initial patterns related to
learners’ espoused behaviour. The second cycle
involved in vivo coding, where participants’ own
words and phrases were used as codes. This step
provided a descriptive understanding of the nature
of behaviour, allowing key expressions to remain
grounded in their experiences. The third cycle
involved axial coding, which was used to explore
the relationships between the initial codes, where
they were grouped into categories that revealed
underlying patterns and connections across the
data. Finally, pattern coding served to develop
broader sub-themes from the axial categories,
which were organised into themes based on
Garrison’s (1997) dimensions of SDL. This
iterative process allowed for refinement of
sub-themes, which were grouped into sub-themes
of behaviour that reflected SDL and behaviour that
did not reflect SDL. Figure 2 depicts the frequency
of occurrence of SDL behaviour and non-SDL
behaviour for each of the themes. In reporting the
findings, participants’ identities were protected by
using codes, such as “Bl1”, where the letter
indicates the relevant school (in this case school B).
The number denotes the learner participant in the
focus group, which comprised a total of five
participants.

Trustworthiness was ensured by employing
strategies such as synthesising multiple data
sources from diverse participant perspectives, a
method referred to as data triangulation (Creswell,
2009). Engaging in peer debriefing to validate
interpretations, ensuring reflexivity during the
research process, and maintaining a comprehensive
audit trail of coding and analysis decisions
guaranteed dependability.

Research Findings

The findings are discussed according to three
themes, based on Garrison’s (1997) SDL
dimensions, which were derived from the codes
and sub-themes obtained from the analysis of the
interview data, as shown in Tables 1 to 3. Each
table indicates the codes and sub-themes that
emerged, as well as their frequency of occurrence,
to enable a comparison between prevalent
sub-themes that reflect SDL behaviour and those
that do not reflect SDL behaviour, based on
Garrison’s model.
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Theme 1: Self-management Behaviour

This theme consists of SDL behaviour related to an
active learning orientation. In response to the
question, “What are the activities that enabled you
to better understand the topics taught in Natural
Sciences?”, A4 said, “Practising your work”, and
Cl1 said, “I prefer a practical activity.” Bl
responded that “[s]he [the teacher] puts up videos
for us to understand better.” Another participant
commented that “[w]hen the teacher has taught us
and then we don’t understand, she actually likes to
make experiments, so that we can understand”
(D4).

The data presented in Table 1 reveals that the
dominant behaviour that emerged was not related
to SDL but rather to the sub-theme of behaviour
related to passive learning, accounting for 52% of
the total frequency of occurrence illustrated by the
following:

I understand those topics because ... when Mrs

TPE is teaching us (E1).

On my side, when my teacher makes drawings on

the board, so that some of us can see what she’s

talking about (D3).

You know, our teacher who always teaches us

Natural Sciences: when he talks about something,

you know, he likes to make actions for us to

understand. So, that thing it always makes me to

understand (C2).
We expected the finding that behaviour related to
passive learning dominated, given that in a more
traditional educational setting such as a school, the
teacher provides “learning objectives, assessments,
and resources to help students learn the material”
(Robinson & Persky, 2020:292). This may limit
learners’ ability to achieve their learning goals and
manage their learning experiences, as expected
from a self-directed learner.

Table 1 Sub-themes and codes that emerged as behaviour related to the theme of self-management

Percentage of

Theme Sub-themes Codes Learner codes total
Self-management Behaviour related to an Practising work A4 48%
active learning orientation  Use of videos and B1, D1, D5

photos

Understanding through A2, A5, B4, C1, D4

practical work

Testing and C3,C4,C5

experimentation
Behaviour related to Learning is B2, B5, C2, D2, D3, E1, 52%
passive learning teacher-driven E2, E3, E4,E5

Writing notes and Al, A3,B3

classwork

Note. The sub-theme of behaviour related to passive learning does not reflect SDL. It is included in Table 1 for ease of

comparison.

Theme 2: Self-monitoring Behaviour
The sub-theme that emerged for SDL behaviour
related to the self-monitoring dimension was
behaviour related to management of the learning
process. This sub-theme accounted for only 28% of
the overall frequency of occurrence, which shows
that SDL behaviour related to self-monitoring was
underdeveloped in this cohort of learners. In
response to the interview question aimed at probing
for internal cognitive learning processes,
participants C4 and C2 showed a high degree of
autonomy in managing their learning process.

I research. I get into research and go to the library

and take books for science, and I do my own work

personally at home [or] maybe before the lesson. [
look at the topics that we are going to talk about
next week. I read it earlier, so that I can know what
we are going to talk about. (C4)
Well, I'm not that person who loves to listen to
teachers when they teach, because usually when I
listen to them, I don’t hear them at all. So, every
time when [ learn, I want to read things for myself,
and I understand if something ... If I come across
something that I don’t understand, it is then I go to
a teacher and ask him or her. (C2)

Table 2 shows the less dominant codes for SDL

behaviour related to time management, seeking

assistance, and peer learning.
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Table 2 Sub-themes and codes that emerged as behaviour related to the theme of self-monitoring

Percentage of

Theme Sub-themes Codes Learner codes total
Self-monitoring Behaviour related to Learner autonomy C2,C4 28%
management of the Time management C3,E4
learning process Peer learning A3
Seeking assistance D5
Technology-enhanced  ES5
learning
Behaviour showing a lack A reactive learning B2, B3 72%
of initiative approach
Behaviour related to Practise and repetition Al, A2, B1, B4, B5, C5,
transmission-oriented D2, D3
learning Writing and reviewing, A4, A5, C1, D1, D4, El,
notes, classwork, and E2, E3

homework

Note. The sub-themes of behaviour related to transmission-oriented learning and a lack of initiative does not reflect SDL.

These sub-themes are included in Table 2 for ease of comparison.

Table 2 shows that the dominant learner
behaviour was not related to SDL, and included
behaviour related to transmission-oriented learning
and behaviour showing a lack of initiative towards
learning. “To be honest, I don’t really go back and
check the things. I just wait for the exams, and 1
study. That’s how I learn” (B2). “I also don’t really
go back and check the things. I just wait for the
exams, and I study. That’s how I learn” (B3). More
prevalent behaviour included learners relying on
practise and repetition as strategies for learning. “/
learn more when I read. So, every time after each
lesson, I go and read it over and over again, and
that’s how it stays” (B4). “I read my notes and
make my own notes out of what my teacher has
taught me” (D4). These responses confirm the
finding that learners actively engage in individual
learning strategies after lessons, such as repeatedly
reading their notes and reorganising content in their
own words. These practices suggest attempts at
self-regulated learning. However, learners in all
five schools reported that disruptive classroom
environments, including noise and  peer
misconduct, may hinder sustained attention and
meaningful classroom participation. This was
expressed by learners in all five schools.

While in the classroom, other learners don't listen

to the teacher, and they bully other learners in the

class (D5).

Sometimes in class, people are making noise, and

you can’t hear properly (B4).

Some learners make noise, and I cannot learn in a
noisy area (C5).

They make noise when she’s [the teacher’s] in class,
so I don’t hear her well (E1).

Theme 3: Motivation Behaviour
The theme of motivation consists of the sub-theme
of SDL behaviour related to commitment to
learning, as shown in Table 3. In response to the
question, “What is your role in Natural Sciences?”
followed by a probing question on why that role is
important to them, the participants responded as
follows. “I think it’s about learning new stuff'in the
class and getting to process that information and
getting educated and then getting to pass” (B4).
“I'm interested in, like, a career that contains ...
that talks about pets and all” (C2). “When I grow
up, I wanted to be a doctor. So, TPE, who teaches
us natural science, said that I must do natural
science if I want to be a doctor” (E2). The
responses show that learners were motivated by
intrinsic factors, such as career aspirations, as well
as an honest interest in the subject, as is evident
from the following.

My opinion on this: first, I can say natural sciences

is a very important subject, whereby we learn

about what is happening in real life (C3).

Natural science is a very fun and interesting

subject. I love it very much (CS5).

1 like to add something. You know, as you grow up

... we have many myths how the earth was created,

the moon is created. So, in natural science we can

prove those myths wrong (C4).

Table 3 Sub-themes and codes that emerged as behaviour related to the theme of motivation

Percentage of

Theme Sub-themes Codes Learner codes total
Motivation Behaviour related to Career aspirations C1,C2,E1,E3 52%
commitment to learning  Interest in the subject A3, A4,C3,C4,C5
Doing the work B1, B2, B5, D1
Behaviour related to Achieving good grades Al, A2, D4, D5, E4 48%
extrinsic motivation Passing to the next grade A5, B3, B4, D2, D3,
E2, E5

Note. The sub-theme of behaviour related to extrinsic motivation does not reflect SDL. This sub-theme is included in Table 3

for ease of comparison.
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By contrast, other learners expressed
behaviour related to extrinsic motivation, such as
achieving good grades and advancing to the next
grade.

1 know Grade 9 is a very challenging grade. So,

many learners must work very hard to go to the

next grade (C5).

As my duty as a learner in natural science, I must

try to improve my levels of natural science, so that

when I go to Grade 10 I can know the parts of the
body (E4).

1 would say that while the teacher is in class, we

pay more attention to her [and] listen to what she

says, so that it would be easier when we get to the
next grade (ES).
The findings show that the learners’ motivation
stemmed from the need to pass their exams and
advance to the next grade. This contrasts with
Garrison’s (1997:19) description of what a

20
18
16

14

Frequency of occurance
] &~ [e2] co o

o

Self-management Self-monitoring

Emerging themes based on Garrison's (1997) model

Motivation

self-directed learner is: “learners are motivated to
assume personal responsibility and collaborative
control of the cognitive (self-monitoring) and
contextual  (self-management) processes in
constructing and confirming meaningful and
worthwhile learning outcomes.” However, more
positive affective outcomes related to the
motivation dimension emerged.

1 have to cooperate in class and respect the NS

teacher (Al).

My role in natural sciences class is to listen and

express my feelings (D4).
These positive affective outcomes seem to suggest
that learners’ intrinsic motivation was influenced
by social aspects of learning. The “[f]irst point is
that he [the teacher| makes sure that we enjoy the
lesson.” (D4). Figure 2 provides a summary of the
frequency of occurrence of SDL behaviour and
non-SDL behaviour for each theme.

18
13 13
12 12
12
1
7

B SDL behaviour

B non-SDL behaviour

Figure 2 Frequency of occurrence of SDL behaviour and non-SDL behaviour among participants

Figure 2 illustrates that SDL behaviour related
to self-monitoring was the least prevalent, with an
overall distribution of 28%. This finding suggests
that most learners could not effectively monitor
their learning process. Those learners who were
able to self-manage constituted 48% of the total,
and those who were intrinsically motivated
accounted for 52% of the total. The findings
support the notion that self-direction is not an
innate trait consistently demonstrated in all settings
and among all learners (Loeng, 2020). Given the
importance of supporting adolescents’ identity
development, cultivation of SDL behaviour among
learners should not be left to chance. Instead, this
behaviour must be systematically planned and

intentionally integrated into the curriculum to
ensure that all learners have equitable opportunities
to develop the necessary affective and cognitive
skills, not only for lifelong learning, but also for
positive adolescent development (Schweder &
Raufelder, 2022).

Discussion

Despite the recognised potential of SDL skills to
help learners develop the ability to solve problems,
achieve goals, and acquire knowledge and skills
(Brandt, 2020; Karatas & Zeybek, 2020; Lama,
2021), research in this area has largely been
conducted within the sphere of adult education
(Azizah & Susanti, 2021; Zhu et al., 2020). Our
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study adds to the body of knowledge by identifying
SDL behaviour of secondary school learners in the
context of the subject of NS. Identifying learner
SDL behaviour is crucial, as failing to identify and
develop SDL behaviour in school could lead to
learners struggling to learn independently in the
future (Lama, 2021). The data reveal several
notable findings, which are discussed under the
following three main themes: self-management,
self-monitoring, and motivation.

Self-management Behaviour
In our study, most learners (52%) (see Figure 2),
had a strong preference for learning where the
teacher managed the process and the learners
remained passive recipients of knowledge. This
suggests that basic self-management SDL
behaviour was not being developed fully in most
Grade 9 learners. This finding is not surprising, as a
large body of educational research shows that
transmission-mode approaches are common in
science classrooms (Bantwini, 2017; Dhurumraj &
Broadhurst, 2023; Petersen, Golightly & Dudu,
2019; Sebatana & Dudu, 2022). However, a few
learners mentioned that engaging in practical
activities and experiments was a helpful way to
learn, which reveals an active learning orientation
characteristic of the self-management dimension of
SDL. Researchers who have investigated SDL
skills in the school context have reported executive
functions related to learning among learners, such
as goal setting, planning, and management of
learning resources (Abubakar & Arshad, 2015;
Gooria, Appavoo, Bhunjun & Gokhool, 2021;
Mok, Cheong, Moore & Kennedy, 2006). The
self-management dimension, as observed in the
studies cited above, involves external task control
of learning, encompassing the enactment of
learning goals and the management of learning
resources and support. Interpreting these findings
through the lens of collaborative constructivism
and the perspective of adolescent development (see
Figure 1), reveals that learners’ ability to manage
their learning tasks independently suggests
emerging identity development, as they began to
take ownership of their educational trajectory.
Learner responses that reflected the
self-management SDL dimension through their
appreciation of engaging with practical work are
consistent with Specific Aim 1 in the NS
curriculum document, which relates to learners
conducting science experiments. With this specific
goal in mind, learners actively “plan and do simple
investigations and solve problems that need some
practical ability”, also known as psychomotor
abilities (DBE, RSA, 2011:10). The affordances of
problem-based learning to enhance
self-directedness are well recorded in the research
literature (Abubakar & Arshad, 2015; Petersen et
al., 2019; Sebatana & Dudu, 2022).

This alignment suggests an opportunity to
foster self-management SDL behaviour in the
school context. This can be achieved by modifying
and customising approaches suggested in the adult
SDL literature, where, as indicated by Robinson
and Persky (2020), learners must identify goals,
decide how progress will be measured, define the
structure and sequence of activities, locate
resources, and solicit feedback. Problem-based and
inquiry-based learning approaches, for example,
can form the basis of a modified teaching approach
suitable for high school learners (Moust, Bouhuijs
& Schmidt, 2021). Key elements that teachers may
consider when designing problem-based or
inquiry-based learning activities are the following:
(1) orient learners to the real world or to solve an
unstructured problem; (2) help organise learners to
work collaboratively in small groups; (3) encourage
learners to gather appropriate information and
resources needed to solve the problem; (4) allow
learners to take ownership of the learning process
by allowing them to participate actively in
problem-solving; and (5) allow learners to evaluate
the problem-solving process through the use of
self- and peer assessment (Chen & Yang, 2019;
Savery, 2015; Simamora, Sidabutar & Surya,
2017).

According to Schweder and Raufelder (2022),
an SDL environment enhances adolescents’
self-efficacy and positive emotions, which is
associated with preventing a decline in motivation
in teenagers. Based on this evidence, supporting
self-management SDL behaviour is best achieved
by avoiding instructional and learning processes
that support behaviourist learning modalities,
which habitually reinforce (repeat) patterns of
perceiving, thinking, judging, feeling, and acting
(Morris, 2019). Such instructional and learning
processes perpetuate behaviour that may be
relatively inflexible, where the learner fails to see
the need to adapt to social and contextual changes,
resulting in low motivation for SDL (Morris,
2019).

Self-monitoring Behaviour

The findings reveal that only a few learners (28%)
(see Figure 2), proactively sought opportunities to
learn. The vast majority preferred more passive
learning  approaches characterised by basic
surface-learning methods, such as recalling,
revising, and memorising. Such learning
approaches leave little room for active personal
input from learners. In a similar study, Abubakar
and Arshad (2015) found that learners frequently
assessed their own learning and that of their peers
as part of a process of constructing and confirming
meaningful learning outcomes. Mok et al. (2006)
report cognitive skills such as inquiry and
information processing as metacognitive abilities
related to the self-monitoring dimension of SDL.
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Learners in their study reported that working in
groups and seeking assistance from peers helped
them gain deeper understanding. From a
constructivist perspective, the reported behaviour
allowed learners to practise self-management
within a socially supported environment, while
self-monitoring behaviour such as reflecting and
assessing their work as part of their learning were
absent from learners’ responses in our study.
However, their responses were in line with Specific
Aim 2 in the NS curriculum document, which
requires of learners to know the subject content and
to make connections, which are supported through
peer learning and help-seeking behaviour. With this
purpose in mind, the teacher’s responsibility is to
provide a framework of information for learners
and to aid them in making mental connections
between ideas and concepts, rather than have them
memorise facts (DBE, RSA, 2011:10).

The alignment between the self-monitoring
dimension and Specific Aim 2 suggests scope for
fostering self-monitoring behaviour in and beyond
the classroom. According to Garrison (1997), this
can be achieved by providing learners with
opportunities to construct meaning, which can be
fostered  through  critical  reflection and
collaborative confirmation. Teachers can, for
example, encourage and guide learners’ techniques
of reflective thinking and develop classroom
exercises that involve self-evaluation of work
completed, as well as peer evaluation. Such
self-reflective activities involve learners making
judgements about how well they have completed
the task and evaluating areas that are lacking and
require  further attention and improvement
(Bozkurt, 2020).

Based on insight from the literature on
adolescent development, it is suggested that
schools and teachers should foster adolescents’
understanding of their own thoughts and feelings
through reflective and exploratory learning
experiences. This will help prevent negative
influences on adolescents’ identity development
(Verhoeven et al, 2019). To do this,
self-monitoring SDL behaviour must be nurtured in
safe, respectful, and supportive educational
contexts. Thus, by embedding collaborative
learning structures and reflective activities,
educators can support self-monitoring behaviour in
a developmentally appropriate manner.

Motivation Behaviour

In our study, 52% of learners (see Figure 2),
reported intrinsic motivation, such as a love for the
subject, a desire to learn new things, and future
career goals. Extrinsic goals related to advancing to
the next grade were also reported. According to
Garrison (1997), the motivation dimension requires
that learners are allowed to set goals based on their
work, which are informed by the learning

outcomes. Doing so will enable learners to develop
the necessary metacognitive skills, such as
reflective thinking, critical thinking, assessing their
own progress, and adjusting their approach based
on those insights. However, findings based on the
motivation dimension (Garrison, 1997) were
absent. Gooria et al. (2021) found that learners who
had previous exposure to online courses
demonstrated high collaborative skills and were
more apt and motivated to adopt SDL.

What also emerged from the learners’
responses was the use of technology for learning,
which featured under the theme of self-monitoring.
This supports the notion that not only can the use of
technology in learning support learner motivation,
but it can also foster self-monitoring behaviour.
The motivation patterns observed in learners,
especially those related to long-term goals, such as
career aspirations, demonstrate a stronger future
orientation, which is a key aspect of adolescent
development, (see Figure 1). When SDL behaviour
related to the motivation dimension was probed, it
was found to be affective outcomes such as
cooperation, respect, and expressing one’s feelings.
This finding is consistent with the reported benefits
of interpersonal communication. Abubakar and
Arshad (2015) assert that learners engaged in group
work in small groups tend to achieve better
learning  outcomes and  exhibit improved
knowledge retention, as small groups facilitate the
sharing of ideas and promote positive
interdependence. This is in line with the social
constructivist ~ learning  perspective,  which
emphasises that learners construct meaning through
collaborative interaction and independent work
(Chuang, 2021).

The interpersonal aspects revealed in learners’
responses further emphasise the importance of
social aspects in learning, which concern how
individuals interact and communicate with others.
This links to Specific Aim 3 in the NS curriculum
document, which supports affective outcomes such
as understanding other people’s points of view and
effectively cooperating with others. With this goal
in mind, the main objective was to foster awareness
of how NS could be applied to daily life (DBE,
RSA, 2011:10). This alignment presents an
opportunity to encourage motivation SDL
behaviour in the school context. This can be
achieved by teachers cultivating autonomy and
supportive communication through intentionally
emphasising the contribution of effort to learning
success, letting learners know the value and the
benefits of learning, and relating learning
objectives to learners’ future life goals, such as
career aspirations (Froiland, Oros, Smith &
Hirchert, 2012; Trigueros, Minguez, Gonzalez-
Bernal, Jahouh, Soto-Camara & Aguilar-Parra,
2019).
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This assertion is confirmed by the literature
on adolescent development, which recommends
that teachers provide learning experiences that
encourage adolescents to relate what they learn in
school to their aspirations for the future
(Verhoeven et al., 2019). Such experiences may be
enhanced by implementing motivation SDL
processes, such as providing learners with the
opportunity to set learning goals that link with their
interests. Doing so may result in learners being
goal-oriented, activity-oriented, or
learning-oriented (Van der Walt, 2019). The main
goal is to link learning objectives with adolescent
goals (Crone & Fuligni, 2020).

In conclusion, there seems to be
correspondence between the goals formulated in
the specific aims of NS and Garrison’s (1997)
dimensions of SDL. This suggests that SDL
behaviour can be supported and developed in
subjects through integrating overall subject
learning goals. It is important to note that while the
three dimensions of SDL have been discussed
separately, they are, in fact, interconnected and
often overlap in the teaching and learning process.

Conclusion

With this study we aimed to identify SDL
behaviour expressed by Grade 9 NS learners. We
addressed learner SDL behaviour in the context of
the subject of NS. However, due to the
discipline-specific nature of SDL, the learners
could have expressed different SDL behaviour
across different subjects. The findings illustrate the
adverse impact that the learning environment can
have on learners’ SDL behaviour. Based on the
interview responses, most learners indicated low
levels of self-monitoring behaviour resulting from
transmission-oriented learning. Additionally, the
learning environment negatively impacted learners’
self-management, as they lacked control over
setting learning goals and managing resources.
Although generalisability of the results was not our
intent, due to the qualitative nature thereof, the
findings have implications for science education,
which could be applied in similar contexts, despite
the limitation of a lack of generalisability. For
instance, the study could link each of the three
dimensions of SDL to the learning goals
encapsulated in the three specific aims for NS.
Although the three specific aims were discussed in
the context of NS, they are applicable across
subjects, as they correspond to the psychomotor,
affective, and knowledge domains of learning. This
correspondence afforded the opportunity to
elaborate on how best to support the development
of SDL behaviour in the context of NS, which
could also apply in other subject domains. In
addition, recommendations were offered on how
best to foster learners’ SDL behaviour by drawing
on insight from a developmental science

perspective on adolescence. This may lead to
sustainable adolescent development, which can
better serve the Grade 9 learner to successfully
transition to becoming an independent, responsible
lifelong learner (see Figure 1).

Although our study provides valuable insight,
the data were insufficient to address the
socio-political environment, as well as other
contextual factors, which may have impacted the
nature of SDL behaviour expressed by the learners.
To address this gap, future studies can investigate
more empirically validated measures associated
with SDL behaviour across different subjects and
socio-economic backgrounds. Nevertheless, SDL
behaviour expressed by the learners related to
motivation underscore the importance of increasing
learners’ exposure to diverse science-related career
opportunities, as this supports a future orientation,
which is a key aspect of adolescent development.
Further research is required to assess the degree to
which enhancing adolescent SDL behaviour
influences and  facilitates  their  positive
development.

A contribution of the study is that it offers
space for identifying how the subject of NS can be
adapted to help learners develop SDL behaviour.
The findings confirm that SDL behaviour related to
all three dimensions of SDL, particularly
self-monitoring, were lacking, due to learners
having little control over the learning process. We
thus conclude that teachers and policymakers
should be intentional in implementing learning
processes to enhance SDL behaviour, which is at
the core of lifelong learning. This means that all
stakeholders need to find solutions to systemic
problems that plague school science education and
militate against SDL, such as time constraints, a
full curriculum, and teacher-centred approaches
(De Beer, 2019). To achieve this aim, valuable
insight is provided that can be applied in practice to
help prepare Grade 9 NS learners to take
responsibility for their learning as they continue to
learn independently, and to study the more
specialised science disciplines offered in the higher
grades and at higher education institutions.
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