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Many South African educational institutions are adopting learning management systems (LMS) into their daily teaching and
learning practice. The Western Cape Education Department piloted Modular Object-Oriented Dynamic Learning Environment
(Moodle), an LMS for improving teaching and learning. The objective of the research reported on here was to determine
whether Moodle improved Grade 10 learners’ conceptual understanding of the topic, functions, in mathematics. The research
investigated two classes; one dependent upon a traditional chalk-and-talk teaching method (control), and another exposed to
Moodle (experimental). It was found that learners constructed their own knowledge by drawing on resources embedded in
Moodle and framed within a Social Constructivist theory. A hybrid e-learning framework was deployed; learners acquired
knowledge by interacting with computers. Interaction was monitored and results were recorded using online surveys and tests.
A quasi-experimental design was employed to compare the groups. The comparisons were statistically analysed. Results
showed that the functionalities within the Moodle LMS were instrumental in improving conceptual understanding of
mathematical functions.
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Introduction

Technology allows teachers and learners locally and internationally to accelerate and enhance tuition, this is why
an increasing number of policy makers and implementers are adopting information and communications
technologies ([ICTs], Howie & Blignaut, 2009). This growing trend of integrating LMSs into daily tuition and
facilitating the understanding of mathematics is particularly beneficial in a developing economy such as that of
South Africa. This is due to the high demand on mathematics, science and technology skills for developing its
economy and competing in the Fourth Industrial Revolution (World Economic Forum, 2016). According to the
National Council of Teachers of Mathematics ([NCTM], 2016) digital technologies can enhance the teaching and
learning of mathematical procedures such as problem solving, reasoning and justifying.

The National Council of Teachers of Mathematics has taken the following position regarding teaching and
learning using technology:

It is essential that teachers and students have regular access to technologies that support and advance mathematical sense

making, reasoning, problem solving and communication. Effective teachers optimise the potential of technology to

develop students’ understanding, stimulate their interest and increase their proficiency in mathematics. when teachers

use technology strategically, they can provide greater access to mathematics for all students. (NCTM, 2016:para. 2)
South Africa’s Department of Education (DoE) formulated a white paper on e-education (2004) setting out a four-
phase strategy: immediate, short, medium and long term. The Western Cape Education Department’s (WCED)
2018/2019 annual plan states as follows:

The use of ICT —the ‘Fourth Industrial Revolution’ in education is an important medium for complementing the delivery

of curriculum in most developing countries, including South Africa. We have seen the importance of ICT in education

in the way it has simplified learning. The integration of e-innovation, e-governance and e-administration to enhance the
use of ICT in teaching and learning will be the continued focus of our Operation Phakisa interventions, which are aimed
at developing and modernising the skills of our teachers and learners to match the needs of the changing world. (WCED,

2018:2)

The WCED e-Learning Unit initiated the use of the Moodle LMS in 2009. It is freely accessible to any school in
the Western Cape, however, to date the system remains partially utilised by schools. Moodle has numerous tools
that can be used by both teachers and learners in the classroom. In 2013, the WCED saw the Moodle LMS
implemented in selected schools in the Western Cape Province as a pilot project. Training and advocacy of the
system was undertaken by these schools and some began using the platform in May 2014.

With this paper we extend understanding of previous studies related to ICTs for teaching and learning: we
explore the integration of Moodle into mathematics tuition for better conceptual understanding of the topic,
functions. According to Kotzer and Elran (2012), new e-learning environments contribute to teaching and learning
if properly integrated within pedagogical frameworks. The research addressed the question: Does the introduction
of Moodle in a constructivist way improve conceptual understanding of mathematical functions?

For the purpose of this article, the topic of mathematical functions will simply be referred to as functions.

Hypothesis
Ho: p1 = p2. A null hypothesis means that the adoption of Moodle has a significant relation to learners’ conceptual
understanding of functions and academic performance (a null hypothesis shows that the two means are equal).
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Hi: pl # p2. An alternate hypothesis means
that the adoption of Moodle is not related to learn-
ers’ conceptual understanding of functions and aca-
demic performance (the alternate hypothesis shows
that the two means are not equal).

Literature Review

In their annual report, the Association for Mathemat-
ics Education of South Africa (AMESA) posits the
need to identify useful ways of improving teaching
of mathematics as a school subject (Govender &
Junqueira, 2018). Studies have been conducted on
how to stimulate and sustain learners’ interest in
mathematics (Yeh, Cheng, Chen, Liao & Chan,
2019). Most of these studies concentrated on using
ICTs to improve learners’ abilities in, and enjoyment
of the subject. ICT resources nurture a positive atti-
tude towards the subject as many digital natives
(people born after 2000) are drawn to technology
(Leendertz, Blignaut, Nieuwoudt, Els & Ellis,
2013). Notable research into the use of digital versa-
tile discs (DVDs) in classrooms was conducted (Pa-
dayachee, Boshoff, Olivier & Harding, 2011). Re-
markable results were obtained as learners used
DVDs to blend learning. Technological advance-
ments have improved the way in which teaching and
learning is conducted in various learning institutions
(Chigona, 2018). Frankl and Bitter (2012:80) note
that “today’s learners are more (inter-)active and en-
gaged in the virtual world.” Teachers need to take
advantage of the available technologies to reach out
to learners within their social spaces (Chigona,
2017).

E-learning theories

The 21st century is characterised by vast amounts of
information which is mostly available in digital
form. In the process of sharing information, virtual
communities are more prominent (Anderson &
Elloumi, 2004). This has created both opportunity
and challenges in the education arena. The use of e-
mails, chat rooms, blogs and a variety of social net-
working software has become a feature of youth cul-
ture (Frankl & Bitter, 2012). To achieve results in
the integration of this learning process, education
specialists have explored the pedagogical ad-
vantages and disadvantages of e-learning practices
and devised various e-learning theories that support
the phenomenon of technology in classrooms.

A constructivist approach outlined by Sultan,
Woods and Koo (2011), asserts that learners con-
struct their knowledge based on their interpretation
of events and previous experiences. The foundations
of this approach can be traced to Vygotsky and Pia-
get. Piaget developed a theory of cognitive construc-
tivism: “Children are active thinkers constantly try-
ing to construct more advanced understandings of
the world” (Siegler & Ellis, 1996:211). Constant ob-
servations reveal that instructors in e-learning
should strive to develop strategies and learning set-

ups that create a constructivist environment for
learners in the classroom — especially the concept of
building on existing knowledge.

In the context of this study, this would imply
that learners should be exposed to learning activities
that incorporate technology resources they are famil-
iar with before introducing new ones; moving from
the known to the unknown (Mbagwu, Ozioko &
Ogueri, 2017). Twenty first century learners are avid
users of social media and instant digital communica-
tion applications. The use of such platforms for
knowledge acquisition makes the learning process
more efficient as the teacher does not have to explain
or introduce the technology before engaging the
content. Once the learner has domesticated the use
of these technologies, they can explore others such
as content specific websites, online tutorials or vid-
eos, which learners can resort to when they need as-
sistance with a particular topic, reading, concept or
any given task (Powell & Kalina, 2009). This ap-
proach allows learners to apply their minds before
moving on to the next learning level.

In this study, a constructivist paradigm in-
formed the design of the e-learning intervention
used to encourage learners to construct knowledge.
However, when the constructivist paradigm was in-
troduced, it did not directly take into consideration
the implications of digital technology in learning.
Therefore, Hirumi’s Student-Centred, Technology-
Rich Learning Environments (SCenTRLE) e-learn-
ing framework, presented in the next section, was
employed. SCenTRLE is founded on constructivist
principles and addresses the factor of technology
among other factors.

The Hirumi’s SCenTRLE e-learning framework
According to principles of constructivism (Vygot-
sky, 1978), learners learn best when they actively
engage with the real world. The teacher’s role is to
create an enabling learning environment. In a tradi-
tional learning set-up, learners are receivers of
knowledge while teachers are the only source of the
knowledge. In a constructivist and technology-rich
classroom, learning is learner-centred and the
teacher facilitates the learning activities (Vinu,
Sherimon & Krishnan, 2011). This understanding
led to the formulation of a model for designing
SCenTRLE by an American-based scholar, Hirumi
(2002:497), who emphasised that “student-centred
approaches to teaching and learning stress the im-
portance of learners’ past experiences, exploring in-
dividual needs and interests, promoting active par-
ticipation, stimulate higher-order thinking, and de-
veloping life-long learning.”

This study was informed by Hirumi’s (2002)
hybrid SCenTRLE e-learning framework. The study
assimilated three levels because they were suitable
for a school environment. The three levels are sum-
marised in Table 1.
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Table 1 Three levels of Hirumi’s (2002) SCenTRLE e-learning framework

Level Target Notes

Lower Learner instruction

This level deals with instructions that the learner acquires from the instructor on

level what the section or aim of learning is about and what is expected of them.
Middle Learner«—»-Human  The learner acquires knowledge from humans around them, for example, instructor

level interaction
and smartphones.
Learner<—»Non-
human interaction
Upper Learner self-
level interaction

and peers. Learners also gain information form non-human gadgets like computers

The learner uses the instructions from the two levels above to self-educate, motivate
and ascertain readiness to tackle complex tasks without any assistance from the
environment around him.

The three levels of Hirumi’s framework de-
scribe the learning process that learners go through
in knowledge acquisition. The learners’ first point of
contact is the instructor (the teacher) who gives the
learning objective. The learner makes sense of the
instruction by interacting with other human sources,
such as peers, discussing and comparing their vary-
ing understanding of the instruction as well as the
information provided. The learners then engage with
technological sources of information, i.e. the use of
gadgets, for example, learner management systems
and other prescribed online facilities. Once the
learner has collected all the information from both
sources, they begin to create their own knowledge
based on what they have understood from both hu-
man and non-human interactions.

Teaching mathematics with technology
When ICT is integrated authentically into mathemat-
ics teaching, it becomes effective and helpful in de-
livering content (Joshi, 2017). The use of internet
tools and audio-visual instruments embedded within
ICT programs motivates learners towards learning;
helping them to become independent. Researchers
and programmers make it easier for learners to pre-
sent their work through the development of graphing
tools such as Geogebra, which assists learners to
draw and interpret graphs within a short space of
time (Joshi, 2017). Applications, like Geogebra, that
are designed to work with other ICT tools, help
learners to observe, represent and interact with
mathematical concepts (Joshi, 2017). Chrysanthou
(2008) opines that Geogebra in mathematics renders
graphs and other shapes both pleasantly and practi-
cally. Hegedus, Laborde, Brady, Dalton, Siller,
Tabach, Trgalova and Moreno-Armella (2017) de-
scribe Geogebra learners drawing Euclidean and
Cartesian diagrams as some mathematical cyborgs
who like to express themselves through tools.

Lessons in mathematics are 40 minutes on av-
erage, making it difficult for a teacher to attend to all
learners in a particular lesson. The use of technology
saves time by allowing the teacher more leeway.
Pachler (2001) states that computers allow quick
storing, displaying, analysing and synthesising so
that learners have more time to think about what they
have learnt.

Learning management systems (LMS) form
one approach that characterises effective teaching

with technology. The LMS concept developed di-
rectly from e-learning: web-based learning plat-
forms offer classroom management for instructor-
led training or a flipped classroom (Watson & Wat-
son, 2012). The chief aim of LMS is to simplify in-
struction and teaching and maximising contact-time
with learners as predicted by Coates, James and
Baldwin (2005). This research project used Moodle,
freely available Open Source software. Martin
Dougaimas developed Moodle as a flexible LMS to
conduct courses online or to support face-to-face
teaching and learning. Moodle allows over 500 ex-
tended plug-ins for assignments, quizzes, grading,
certification and collaborative learning. Coates et al.
(2005) summarise the advantages of using LMS
when teaching and learning. Moodle LMS facilitates
flexible delivery of concepts where learners use
learning resources uploaded by the teacher. LMS
platforms support constructivist priorities through
self-paced and active learning where learners work
anytime, anywhere.

The LMSs vary according to their specifica-
tions but generally have the same setup with the fol-
lowing common features:

e Announcement area, e-mail, chat and instant messag-
ing and discussion forums;

e Learning resources, learning object content and links
to important internet sites like YouTube;

e Track activities, submission of assessments, multiple-
choice testing, collaborative work and feedback

o Facilities for registering, enrolling learners and man-
aging their activities. (Coates et al., 2005:23-24)

Methodology

This quantitative study incorporated an experi-
mental design using a non-equivalent pre-test/post-
test approach. The quantitative approach of this
study guided the development of instruments used to
collect data. We deployed pre-test and post-tests to
explore and determine the effectiveness of the Moo-
dle LMS for learners to master functions.

Sampling of Participants

Participants for this research were selected from a
school (established in the late 1970s) located on the
Cape Flats, Cape Town, South Africa, which for-
merly fell under the Department of Indian Affairs.
Ninety-eight per cent of learners were Indian or Col-
oured, while 2% were black. For the research 221
Grade 10 learners were divided into six classes. The
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school was selected because it was one of the Dinal-
edi schools, which the WCED included as its Moo-
dle focus pilot schools. The Dinaledi schools project
is aimed at increasing access to mathematics and sci-
ence at higher-level grades in underprivileged
schools. The identified Dinaledi school receives a
conditional grant to promote mathematics and phys-
ical science through improving teacher content
knowledge as well as providing teaching and learn-
ing resources (Department of Basic Education, Re-
public of South Africa, 2015). Non-probability pur-
posive sampling was conducted to select the partici-
pants: a statistical strategy is adopted when learners
from a population under investigation do not have an
equal chance of being selected (Jackson, 2015). The
purposive sampling method was employed because
participants were already part of a cluster and di-
vided into classes. There was no need to separate the
classes since that would have disturbed the entire
Grade 10 setup. The six classes were considered uni-
form since these were created based on the subject-
choice policy annually fixed by the school. This pol-
icy allows learners to be distributed to classes by
subjects available in Grade 10.

Quasi Experimental Design

The quasi experimental design falls under quantita-
tive research; employing a scientific approach by
which a set of variables is kept constant, while the
other set of variables is measured as the subject of
the experiment (Bernard, 2000). Quasi-experimental
design is referred to as causal-comparative, which
seeks to establish a cause-effect relation between
two or more variables (Creswell, 2003). We did not
assign groups nor manipulate the independent varia-
ble. Control groups were identified and exposed to
the variable. Results were compared with results
from groups not exposed to the variable (Creswell,
2015). In this case, the design best suited the class-
room set-up because we selected learners who pop-
ulated the experimental and control groups as units;
the groups were not split randomly. The protocol ap-
proximates an experimental design, which neces-
sarily involves the application of an intervention in
the experimental group and the following of events
in the control group. An intervention involves any
set of protocols or programmes closely observed for
their effects. Two Grade 10 classes were selected
randomly. The groups were considered non-equiva-
lent since groups were randomised (Cohen, Manion
& Morrison, 2007). Non-equivalent groups mean
that the learning in class is not balanced equally
among the control and experimental group and par-
ticipants’ experiences during the study differ. Some
fit the experiment, while others did not. The two
sampled classes had an equal chance of being se-
lected for the traditional teaching model and the ex-
perimental e-learning teaching model. School au-
thorities distributed the classes equally at the begin-
ning of the year. Without privileging any character-
istics, one class was chosen to be the experimental

class and the other a control class. These two classes
were then colour coded; one class of 36 learners
named Blue (control) and the other of 39 learners
named Green (experimental).

The differences in the extent of learning that
would result in each of the study population groups
depended on the effectiveness of the two teaching
methods. The two groups were allocated identical
assessments: marks were equally evaluated, devia-
tions and differences were analysed and compared
before the pre-test and after the intervention. The
same process of analysis was repeated post-test. The
mean differences were analysed using statistical
analysis of the t-distribution and analysis of variance
(ANOVA) in order to establish the impact of the in-
tervention. The t-distribution was analysed with the
software QuickCalcs (online) which was used to an-
alyse the two classes that wrote the pre-test. The pre-
test/post-test allows researchers to analyse the dif-
ferences that can exist between the two groups. Ad-
ditional data were extracted from the Moodle sur-
veys, class participation and the login patterns in
Moodle. All these data sources were used to reach
conclusions in this research.

The Use of SCenTRLE Framework by the

Experimental Group in Mathematics

We used the topic, functions, a grade 10 topic. The

requirements and objectives of the topic according

to the Curriculum and Assessment Policy Statement

(CAPS) guidelines are:

e Work with relationships between variables in terms of
numerical, graphical, verbal and symbolic representa-
tions of functions and convert flexibly between these
representations (tables, graphs, words and formulae).
Include linear and some quadratic polynomial func-
tions, exponential functions, some rational functions
and trigonometric functions.

e Generate as many graphs as necessary, initially by
means of point-by-point plotting, supported by avail-
able technology, to make and test conjectures and
hence generalise the effect of the parameter which re-
sults in a vertical shift and that which results in a ver-
tical stretch and/or a reflection about the x axis.

e Problem solving and graph work involving the pre-
scribed functions. (DoE, Republic of South Africa,
2003:12)

In the following section we discuss how functions

was taught to the experimental group using the Moo-

dle platform in relation to Hirumi’s SCenTRLE
framework. The control group was taught in the tra-
ditional way without the integration of technology.

Moodle Intervention Using SCenTRLE Framework

Learners were expected to draw and analyse func-
tions such as a straight line, parabola, hyperbola, ex-
ponential, and trigonometrical functions. Previ-
ously, teachers presented these graphs on the black-
board while the learners looked on in curiosity. If
they are required to practice drawing graphs, they
draw inaccurate graphs, or take time to master the
shapes of these functions. With the use of
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MOODLE, the time it takes to plot and analyse
graphs is reduced significantly.

Using the SCenTRLE framework, learning
goals, objectives and outcomes were presented in the
lower level of the intervention. We enrolled and cre-
ated the login details of all learners from the experi-
mental group into the MOODLE LMS for them to
have sole access. This helped in preventing contam-
ination of data from the control group as they were
unable to access the LMS. Learners received instruc-
tions on how to use the Moodle LMS, access the
Grade 10 topic, the work ethics involved and how to
get help when needed. Teacher orientation to the
Moodle system helps induct learners on how the sys-
tem works and which functionality they are expected
to use. Once learners had familiarised themselves
with the Moodle application and understood what
was expected, they were then exposed to next (mid-
dle) level.

In the middle level, we created content and
learning activities for learners to go through by en-
gaging with others and the Moodle learning re-
sources. This exposed learners to human and non-
human interaction. The teacher used discussion fo-
rums on Moodle to facilitate learner engagement.

In the final level, the teacher set up learning ac-
tivities for the learners to individually explore and
complete individual quiz assessments. At this level,
each learner engages in self-study using Moodle re-
sources and other online resources. The teacher cre-
ated screen castings to create videos on functions.
For example, the introductory screencast voiceover
was for definitions of the term “functions” and other
screencast videos on function tables, ordered pairs
and graphing functions. The teacher also used
YouTube videos to enhance concept comprehen-
sion. Each time a learner logged into Moodle, the
program tracked the learner’s activities and gener-
ated a report.

Data Collection Methods

A quantitative method was used to analyse the learn-
ers’ written tests. The main data collection method
was synthesized from quantitative methods: pre-
tests, post-tests, and other data sets were extracted
from within the LMS tools. Qualitative data collec-
tion was used: learners completed online surveys to
express their opinions on the teaching and learning
method and their experiences.

The tests were written in stages. At the initial
stage (pre-test stage), learners were tested on prior
knowledge to establish whether the two groups were
similar. After the intervention had been adminis-
tered in one class while the other class was taught in
the traditional way, learners were again tested at the
post-test stage. The results were compared using the
test means to ascertain whether there was a signifi-
cant difference between the result of the two groups.
Communication with the facilitator was non-formal:
learners were consulted when the teacher moved
around in class, checking their progress. Learners

also used instant messaging embedded within LMS
interface.

Learners were evaluated on how they per-
formed in
e Completion of tasks
e Interaction with peers
All the records were saved and were retrievable for
analysis.

Data Analysis

Quantitative data were subjected to basic descriptive
statistical analysis for identifying and comparing the
pre-test and post-test means of class Blue and class
Green. Moodle adoption in the sampled group re-
sulted in improved learner academic performance.
With Moodle, learners had access to individual and
social interactions. The hypothesis for the study
were as follows:

Ho: u1 = p2. A null hypothesis means that the
adoption of Moodle has a significant relation to
learners’ conceptual understanding of functions and
academic performance (a null hypothesis shows that
the two means are equal).

Hi: nul # p2. An alternate hypothesis means
that the adoption of Moodle is not related to learn-
ers’ conceptual understanding of functions and aca-
demic performance (the alternate hypothesis shows
that the two means are not equal).

The distinction between Ho and H; was based
on examining the two mean values to determine
whether the discrepancies were caused by the effect
of the experiment or were because of sample varia-
bility (Peck, Olsen & Devore, 2012:836). The F-dis-
tribution statistic was used to analyse the variance of
the two samples. Seventy-five learners were ob-
served and tested for degrees of freedom; 73 were
used to calculate the value that, if the F value was
more than the critical value at 73 degrees of free-
dom, then it was to be statistically significant to re-
ject the null hypothesis and conclude that the mean
values were different. If the F value was less than
the critical value, then there would be no significant
difference between Moodle and traditional teaching
(Wiersma & Jurs, 2005:387). Qualitative data were
collected via LMS. The online survey was analysed
using a Likert scale. The results were shown graph-
ically and interpreted using a key that was available
within the LMS. The results augmented quantitative
data collected from class tests.

Ethical Considerations

Initial ethical clearance was sought from, and
granted by, the Faculty Ethics Committee at the uni-
versity where we are currently registered. Consent to
conduct the study at the selected school was granted
by the WCED. Permission to use school laboratories
and other school equipment was granted by the prin-
cipal of the school. The head of department (HOD)
and the participating teachers signed consent forms.
As the participants were all under the age of 18
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years, we sought consent from the parents. Partici-
pants proffered all necessary information anony-
mously, since the results were to be used as feedback
at the end of the research. The learners were in-
formed how the research was to be conducted and
how it would directly or indirectly affect them. The
learners were notified that their marks and views
were to be collected and used in research, without
their real names being used. Timelines were submit-
ted to the mathematics HOD and the research was
integrated in the school term planning. Learners
were protected in terms of data collection, consent,
maintaining confidentiality and bias. To counter
bias, we ensured that, even though different teaching
methods were used, the content coverage was con-
ducted equally with both classes. Although the re-
searchers delivered the lessons in both classes, there
was no wilful bias apportioned to one as opposed to
the other. The only difference was the intervention
with Moodle in the experimental group and tradi-
tional teaching with the control group.

Findings and Discussion

With this study was aimed at determining whether
the application of Moodle in a constructivist peda-
gogical approach raised the conceptual understand-
ing of functions in mathematics. Findings from the
evaluation show that learners benefitted from adopt-
ing Moodle in learning functions in mathematics.
The result demonstrates that Moodle could improve
learners’ conceptual understanding of functions in
mathematics. Moodle functionality helped learners
use videos, real-time chats, tasks and revision activ-
ities at the end of each section. Immediate feedback
suggested that the learners actively constructed
knowledge. The t-value result of 3.6744 was smaller
to its critical value of 4.509. This revealed that the
learners of the two sub-groups had similar prior
knowledge of the domain of mathematical functions.
After class Green had completed interactions with
Moodle, they were given the post-test where they
had a higher class mean than the control group, class
Blue. We reject the Ho of equal means to the post-
tests.

Traditional Teaching Strategies

Normal face-to-face (F2F) lessons were conducted
in both groups under study according to CAPS re-
quirements of two lessons of 40 minutes each per
week. Learners were apportioned tests to evaluate
their understanding.

In the control group, class Blue, the teacher
taught functions using traditional technologies —
teacher-delivered lessons using the recommended
Classroom Mathematics Grade 10 Learner’s Book
as the primary reference book, without applying dig-
ital technology. Interaction between peers within the
group was noted during lesson delivery: learners as-
sisted each other while they worked on complex
function problems. The control class relied more on
the presence of the teacher; making it difficult for
“quiet or reserved” learners to ask for clarification.
After class, there was limited access to peers or
teachers due to a variety of learning activities. We
observed that the learners faced challenges in com-
pleting their individual tasks due to increased trans-
actional distance, unlike the experimental group,
which used Moodle resources even after classes.

Moodle Mediated Teaching Strategies

In the experimental group, the SCenTRLE frame-
work was employed. The lower level of the
SCenTRLE framework refers to the initial setup of
the ICT intervention. Data from the Moodle class
were collected from Moodle LMS functionalities
and applications embedded within the platform: Hot
Potatoes, Screen-casting, Geogebra, Multiple
Choice Quiz Maker and communication tools. Hot
Potatoes allowed learners to do the exercise by com-
pleting blank spaces.

At the middle level of the SCenTRLE frame-
work, learners where able to interact among them-
selves via Moodle forums as they sought for clarifi-
cation. This interaction enabled the learners in the
experimental group to interact as they explored. This
process made it easier for them to use the LMS with
minimum supervision. As a result, learners were in-
dependently using the system.

The Upper Level of the SCenTRLE framework
is the highest level where learners engage in self-
study using online resources (Hirumi, 2002). In this
study the teacher produced and uploaded screencast
on functions onto the Moodle platform. Screen-
casting is a digital recording of a computer screen
that enables the teacher to explain a process on the
computer while recording it into a narrative video.
The screencast video was then uploaded onto the
Moodle platform for learners to access and study.

Figure 1 shows a screencast video introduction
of functions, where the teacher linked the topic to
learners’ prior knowledge from their Grade 9 studies
of the topic.
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DEFINITION OF A FUNCTION |
* A relationship between two variables where every =
input has one output variable s
* GRADE 9 RECAP ;
Find the output given the following values |
y=2x+3 y= x? »
3 5
|
|
| ®
| I
¢!
a

Figure 1 Example of a screencast uploaded onto Moodle

Learners in the experimental group used
MOODLE to learn by watching, pausing and re-
winding videos and were using collaboration forums
to seek more clarification. The LMS had embedded
quiz questions that automatically gave feedback so
that learners were able to learn from their mistakes.

The screencasting tool enabled us to create
content screencasts with voiceovers that afforded
learners access to content at any time and place. We
created graphs using function activity from the
CAPS content, and we used Geogebra to demon-
strate how to create a graph through a systematic
screencasting. Using Screencast-O-Matic plugin,
the class Green teacher added a three-minute video
on how to plot graphs using functions. Learning oc-
curred when learners processed information simul-
taneously through visual and auditory means. This
intervention allowed repetitive actions and made
screencasts particularly beneficial for concept mas-
tery (Roblyer & Doering, 2014). The screencast pro-
vided a well-paced step-by-step demonstration of
the procedure, backed by the teacher’s friendly and
familiar voice to enhance the learners’ experience.
The teacher also uploaded YouTube videos, i.e. Al-
gebra Basics: What Are functions? - Math Antics

(2016), that reinforced the comprehension of the
function concept. This implies that the experimental
group was exposed to a diverse variety of learning
tools through Moodle.

At this level, the teacher also created individual
assessments to test understanding of learnt concepts.
The advantage of Hot Potatoes was that the results
were immediately available to the learner. Learners
who previously had to wait for their work to be man-
ually marked by the teacher, could see the results im-
mediately. Moodle-embedded functionalities ena-
bled the teacher to move from text-driven chalk-and-
talk demonstration to an activity-oriented teaching
strategy that supported learner-centred learning
principles. Learning also continued in the absence of
the teacher, because learners were observed playing
the videos after the lessons, emphasising self-di-
rected learning (Lang, 2010).

Moodle has Geogebra embedded through inter-
active geometry software which allows the user to
enter equations directly and draw accurate graphs
and diagrams (Hohenwarter & Fuchs, 2005).

Figure 2 and Figure 3 show a Geogebra and
free-hand drawn graphs respectively.
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Figure 2 Geogebra graph

We observed that learners (experimental
group) who used the Geogebra application were able
to comprehend functions graphs concepts in a
shorter time than the learners who used free hand
(control group). Although some researchers advo-
cate for manual, hands-on processes in the learning
of concepts, other researchers argue that the use of
technology applications does not limit the learners’
ability to master and comprehend concepts (Kotzer
& Elran, 2012). The results of this study support that
notion, since the experimental group performed bet-
ter than the control group in their post-test. The time
taken by learners to complete the task was markedly
shorter compared to those doing free-hand drawn
graph. More time was now channelled into applica-
tion of the concepts of the topic than drawing.

Communication between peers and between
learners and the instructor was important throughout
the research. The SCenTRLE framework (Hirumi,
2002) outlines three levels of integration, which play
a pivotal role in teaching and learning. Learners used
Moodle, the instructor and peers to construct
knowledge at an individual rate. The learners were
able to communicate with the teacher when seeking
clarification on concepts, and communicate with
their peers, sharing information.

The Results of the Pre-Test

The same question paper was distributed to both
groups for the pre-test where learners were expected
to use prior knowledge about functions (in Grade 9
known separately as straight-line graphs and pat-
terns). The pre-test was marked out of 30 and the
pass mark was set at 50%. Fifteen of the 36 learners
in class Blue passed the test, while 17 out of 39
learners in class Green passed the test. The results of
the two groups were analysed using the t-distribu-
tion to compare group averages and to determine

Figure 3 Free-hand drawn graph

whether there was any significant difference be-
tween these two classes. The results are summarised
in Table 2 below.

Table 2 Pre-test results

Class Green Class Blue
(Experimental) (Control)

M 14.71795 13.94444
Pass 17 15
FAIL 22 21
Pass rate 43.58974 41.66667
Variance 27.89481 26.995855
SD 5.281553 5.195855

Table 2 shows the results from the QuickCalcs
website which was used to analyse the results of the
two classes that wrote the pre-test. For class Blue the
mean was 13.944444, and for class Green the mean
was 14.71795); the probability value (p-value) was
greater than the significance level of 0.01 or 0.05.
This difference led to a statement that the difference
between the two means was not statistically signifi-
cant to conclude that the means were different. Tri-
ola (2001:389) states that we therefore fail to reject
the hypothesis. This is possibly because the two
classes were drawn from a uniform population in
Grade 9. Their content knowledge of functions at the
beginning of this study was at the same level. This
uniformity of these two classes made it possible for
them to be used for this research.

Analysis of Pre-Test and Post-Test Assessments

Tests administered to learners in both classes were
analysed using ANOVA. The first comparison com-
pared the pre-test and the post-test to determine
whether there was any difference in marks. The sec-
ond comparison revealed the performance of the two
classes against each other: the two pre-tests between
the groups and the two post-tests between the two
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groups. The table below shows the results of
ANOVA conducted for the tests.

Table 3 provides the analyses of the scores
from the two tests; the pre-tests (before Moodle and
before traditional) and the post-tests (after Moodle
and after traditional). The conclusion reached from

Table 3 Pre- and post-test analysis

the analysis based on the t-statistic of the two tests
after combining their variances, was that the means
of the tests were indeed different. The result of the
analysis of the two post-tests are presented in Table
4.

ANOVA: Single factor

SUMMARY

Groups Count Sum  Average Variance

Before traditional 36 502 13.94444 27.76825

After traditional 36 600 15.38462 28.40081

Before Moodle 39 574 1471795 28.62888

After Moodle 39 719 19.97222 30.02778

ANOVA

Source of variation SS df MS t p-value Cl 5%
Between groups 1077.443 73 2154885  3.6744  0.0004518 (4.509, 4.6662)
Within groups 6192.397 219 28.27579

Total 7269.84 224

Table 4 Post-test analysis

After Green 36 19.9722 5.4798

After Blue 39 15.3846 5.3292

t df p-value Cl, 5%

3.6744 73 0.0004518  [4.509, 4.6662]

The conclusion of the analysis of variance was
based on the following (Triola, 2001:618):

If p-value < 0,05 then reject the null hypothesis of

equal means.

If p- value > 0,05 then fail to reject the null hypoth-

esis of equal means.
Table 4 shows the post-test analysis between the two
groups’ assessment, which suggests that the p-value
(0, 0004518) is less than 0,05 and t-statistic (3.6744)
is lower than the confidence interval (3.9720). The
analysis suggests that we reject the null hypothesis
of equal means. We concluded that since the two
means were different, the use of Moodle to teach
functions showed its potential for improving learn-
ers’ understanding of the function concept. The pre-
test and post-test results revealed a marked differ-
ence. There was a difference compared to the group
that used the traditional ways of teaching, which in-
fers that the Moodle LMS tools could have played a

major role in these results. The learners who fre-
quently used Moodle displayed better results. The
findings in the study singled out the affordances of
Moodle’s variety of learning strategies that were
pivotal in the research and which made it possible
for learners to achieve better scores than those taught
through the traditional method.

Increased Interactions Using Messenger

Learners were able to interact independently with
the LMS and the majority was able to use the tool
easily. We observed learners communicating with
peers and teachers. As learners understood the con-
cept differently, it took some longer to understand
than others. Learners were not pressured to move to
the next concept; they had full control of how much
they were willing and able to study at any one time.
Figure 4 below indicates the frequency at which
learners used Moodle messenger.

Number of Learners Messaging per

Number of messages

Figure 4 Learner messaging during the first two weeks
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Figure 4 shows the first two weeks of the mes-
senger intervention. Class Green used Moodle mes-
senger to seek clarification for conceptual under-
standing of functions from the teacher and peers.
The first week showed high messaging rates; possi-
bly, because learners had initial challenges using
Moodle LMS, or perhaps they had more questions to
ask regarding the concept of functions. It was signif-
icant that the most interaction took place on a Sun-
day. Learners used the chat tool mostly on content
related issues, although occasionally they used it for
social communication. This tool was useful for
learners with communication barriers in normal les-
sons. They presented their problems via the chats,
ensuring that the learning process did not break
down. The chat platform was important since there
was no need to wait for the next lesson to understand
a concept or to give other learners hints. Figure 5 be-
low shows an extract of a chat section between a
learner and the teacher. Studies of online messen-
gers’ synchronous interaction indicate that it empir-
ically reduces transactional distance (Benson & Sa-
marawickrema, 2009; Burgess, 2006; Moore, 1993).
This reduction implies that the increased interaction
can help learners learn concepts better, i.e. more
thoroughly, quickly and in a sustained manner.

yme B My courses » Metro Central » MCED Sc

Participants

Idle 2 mins 38 secs

Send message

[
Submit] Show only new

Messages
From Message Time
Ft hello 17:25
| iwantto aask 17:24
F hello 1721
b { Y¢

Figure 5 Chat session between a learner and
educator

Virtual interactions have been researched and
studies have shown that younger generations are in-
creasingly using mobile-mediated social networks to
share and communicate virtually and quickly with
each other (Anderson & Elloumi, 2004; Prensky,
2005). In a social environment, learners share virtu-
ally anything that is of interest to them and their
peers (Lambropoulos, Faulkner & Culwin, 2012;
Rambe & Bere, 2013; Yang, Crook & O’Malley,
2014). The learner was able to win the teacher’s at-
tention within the space of three minutes, unlike a
traditional setup in which a learner may have to wait
for the next day to ask a question.

Anytime and Anywhere, Access to Learning
Resources

Moodle affords anytime and anywhere access to
learning resources and interaction with peers and
teachers. Class Green had a normal F2F timetabled
session with their teacher using Moodle learning re-
sources, and using Moodle’s virtual functionalities
after class, which reinforced conceptual understand-
ing of functions. Although class Blue had similar
F2F class sessions with their teacher who employed
traditional teacher-centred strategies, learners were
required to complete written homework activities.
Researchers have shown that improved access to
online learning resources offers opportunities to cre-
ate activities that enhance learning (Ally & Tsina-
kos, 2014; Ngaleka & Uys, 2013; Ng’ambi & Camp-
bell, 2012). Ally and Tsinakos (2014) observed that
the ubiquity of online learning is growing, increas-
ing learning opportunities for learners in improvised
situations in developing nations.
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Figure 6 Learners accessing Moodle during the study

Figure 6 above shows learners’ frequency of
accessing the Moodle platform during the course of
this study. The graph reveals that during the first
week, learners actively logged onto Moodle; with
Monday and Friday presenting the highest mean
during the study. During the study an average access
frequency of 33 engagements per day was recorded.
Comparing this statistic with the control group, class
Blue had limited F2F exposure as they had no fur-
ther interaction outside of the classroom. Although
the access frequency declined in week three, learner
access increased during the final week. This could
imply that learners were collaborating in preparation
of the assessment, therefore were revising for the
test.

Flexible Content and Constructivist Pedagogy
Supporting Modules

Moodle offers teachers the opportunity to create
flexible content and collaborative activities that
learners can access anytime and anywhere. Moodle
provides teachers with a variety of content modules:
topics creation, assignments, dialogue module, chat,
journals, resources, quizzes and workshops (Bates,
2015). Moodle LMS makes it easy to identify chal-
lenging areas of the different sections of activities.
This information was used to prepare remedial
work: emphasising unclear concepts.

Towards the end of the research, learners con-
ducted an online survey and logged on during free
time to answer questions. As soon as the participants
finished the online survey, Moodle published the re-
sults of the participants’ views. Overall results of the
online survey displayed enthusiasm: learners were
able to score the LMS above the “sometimes” to “of-
ten” levels. The online survey shows that there was
active learning within the experimental group of
learners. This stresses the importance of evaluating
the significance and effectiveness of the process
from lower to upper levels.

Benefits of Using Moodle

Moodle LMS measures learning in various ways.
The facilitator traces how learners complete exer-
cises and quizzes as well as challenging areas within
these tasks. The rate at which learners completed
tasks improved because learners had instant access
to assistance and their results.

During lessons, learners used videos and other
resources independently. They could use chat fo-
rums to consult their peers whom they felt comfort-
able with, then engaged with the facilitator when-
ever possible via the chat messages — even outside
lesson time. Learners independently constructed
knowledge; becoming the controllers of their own
learning. Learners gained exposure to the content at
different times and levels, and the facilitator was
able to support those who were struggling.

Class Blue (control) used more costly
handouts. Using the LMS became an advantage: the
resources were online and available as Portable Doc-
ument Format (PDF) files, eliminating the need for
printing. The use of paperless teaching ensured that
learners used these tools wherever they had access
to the internet. Moodle allowed learners to be active
authors within the environment, providing a plat-
form to share ideas via individual and collaborative
efforts (Ke & Hoadley, 2009, in Aranda, 2011:26).

Interaction with peers — the use of communi-
cation forums made it easier for learners to consult
with each other without any barriers before engaging
with the facilitator. Learners who understood con-
cepts were seen sharing information during lesson
time and discussion forums. They formed a commu-
nity of practice (Chigona, 2013).

Testing of content — We noted that the quiz
scores had improved as the lesson progressed. The
results of the post-tests showed improvement in the
conceptual understanding of functions compared to
those of learners instructed in the traditional method.
This distinction occurred because learners were us-
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ing the LMS to re-teach themselves through videos
and other tools freely available whenever they
needed to learn.

Conclusion and Recommendation

In this paper we investigated whether the introduc-
tion of Moodle within a constructivist pedagogical
approach improved conceptual understanding of
mathematical functions. We used an experimental
research strategy, which explored the effect of using
Moodle-mediated learning of functions in mathe-
matics in comparison to traditional means. This
quantitative study included data collection by means
of pre-testing and post-testing of the experimental
and control groups.

The study illustrates that the use of the
SCenTRLE framework afforded the successful im-
plementation of the Moodle application (Jaradat,
2013). We posit that the integration of Moodle LMS
into learning functions in mathematics supported
learners to take responsibility for their own learning,
therefore, improved their test scores after using
Moodle-mediated learning activities.

We recommend that mathematics teachers in-
tegrate Moodle LMS into their CAPS curriculum de-
livery so that learners may benefit from the online
resources.

We further suggest that WCED adopts the
SCenTRLE framework in their in-service teacher
training as it is easy and flexible in designing and
sequencing e-learning integration into teaching and
learning.

Future studies could explore using the
SCenTRLE framework in other school subjects.
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