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Introduction

As teachers embrace the Fourth Industrial Revolution (4IR) to promote 
effective teaching and learning, teachers need to be exposed to and be 
well acquainted with using technology-enabled pedagogy. Technology-
enabled learning refers to the effective incorporation of technology-based 
tools within educational milieus to scaffold students’ learning (Ertmer & 
Ottenbreit-Leftwich, 2012). Research (Borko, 2004; Darling-Hammond, 2017) 
have maintained that professional development for teachers is essential for 
transforming pedagogy, advancing educational milieus, using innovative 
tools and improving learning outcomes.

Professional learning may take place in formal settings (Timperley, 
2011) or via collaboration and mentoring between colleagues (Little, 2012). 
However, for productive and successful teacher professional development, 
professional development must be rooted within the teachers’ teaching 
subject (Darling-Hammond et al., 2009).

The teachers/participants within this research were invited to attend 
informative workshops focusing on using the blended learning approach 
within their teaching subjects, i.e. mathematics and technology (STEM-related 
subjects). This research reports on an exploration of STEM teachers’ percep-
tions of using the blended learning approach for STEM-related subjects 
within the 4IR.

Science, Technology, Mathematics and Engineering

Research (Büyükdede & Tanel, 2019) proposed that an essential factor for 
countries to contemplate to improve their economy and become indepen-
dent economically is the production of technology. Technology production is 
a multifaceted pursuit (Seck, 2015) and is initiated by encouraging and sup-
porting students to pursue careers within Science, Technology, Mathemat-
ics and Engineering (STEM) related fields. However, in most countries, the 
number of students registering in STEM-related disciplines have decreased at 
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the secondary and tertiary education level (Fadzil et al., 2019). This is discouraging since STEM education is known 
to advance characteristics that are considered within education to be 21st -century skills (Timms et al., 2018).

A possible reason for the decline in interest in STEM-related subjects could be because students find STEM-
related subjects challenging to understand or due to ineffective pedagogies for teaching and learning, shortage 
of academic support or out-dated and monotonous teaching practices (Hains-Wesson & Tytler, 2015; Fadzil et al., 
2019). Nevertheless, technological changes have transformed the workplace, and STEM knowledge and skills are 
needed for employment and professions as we embrace the 4IR (Makgato, 2019).

Fourth Industrial Revolution

The Fourth Industrial Revolution is described as the merging of the physical and virtual world, creating a more 
globally connected society which has transformed society and the way we live (Schwab, 2016). As novel technolo-
gies emanate virtually and current occupations are replaced, society will need to modify and acquire different 
skills (Makgato, 2019). Knowledge and skills acquired during STEM education would be of benefit within the 4IR.

The ability to address challenges within the 4IR such as climate change, poverty, technology development, 
overpopulation and food security will depend on how enlightened society is in STEM-related subjects (Fadzil et 
al., 2019). For teachers of STEM-related subjects, knowledge of content is not the only requirement for developing 
well-qualified students as teachers ought to have the essential abilities to ensure effective teaching and learning 
of STEM-related subjects (Büyükdede & Tanel, 2019). Additionally, to be successful within the 4IR, a necessary 
approach for progression would be technology development (Seck, 2015). Students would need to be exposed 
to and encouraged to learn by using technology-enabled pedagogy to enhance the development of technology 
within educational milieus.

Teachers would also need to be proficient in using technology-enabled pedagogy. One innovative technology-
enabled pedagogy that teachers may promote within contemporary educational milieus is the blended learning 
approach.

Blended Learning Approach

Blended learning is a new model that incorporates the benefits of conventional teaching and the use of Infor-
mation and Communications Technology (ICT) within educational milieus (Lalima & Dangwal, 2017). The blended 
learning approach encompasses learning via online devices as well as conventional contact mode of teaching and 
learning (Jong, 2016). This type of pedagogy aims to initiate a mixture of online educational resources and prospects 
for online interaction, together with traditional classroom methods (Lalima & Dangwal, 2017).

The role of the teacher is an important aspect to consider within the blended learning environment. The 
teacher’s role ought to be that of a facilitator or guide focusing on using student-centered pedagogy to support 
students as they reflect, learn, problem-solve and pose questions (Jong, 2016). Moreover, in this digital revolu-
tion where science and technology play an essential role in our lives, education in STEM-related subjects is facing 
challenges (Fadzil et al., 2019). The swift development in teaching and learning using online platforms and the 
necessity to improve the facilitation of STEM subjects motivates for the blended learning approach (Hains-Wesson 
& Tytler, 2015). Thus, it is essential to explore teachers’ perceptions of using the blended learning approach for 
STEM-related subjects within the 4IR.

Exploring the Theory of Communities of Practice

This research was framed within the ambits of Wenger’s (1998b) Communities of Practice theory. The Commu-
nities of Practice (CoP) theory is a social theory of learning that has its own set of assumptions and focus whereby 
the central unit of analysis is the CoP (Graven & Lerman, 2003). A CoP advances around phenomena that are of 
interest to individuals (Wenger, 1998a). Besides, a CoP tends to generate a milieu of reflection, understanding and 
feedback that enhances the rapport between researchers and practitioners such that the knowledge created is 
more valuable and significant (Hearn & White, 2009).

Wenger’s (1998b, p. 4) CoP theory is founded on four principles: people are social beings; knowledge concerns 
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‘valued enterprises’; knowing is about engaging in the world and meaning is what learning yields. This theory 
maintains that CoP is formed by individuals who participate in the process of shared learning within a public 
domain of human effort. Thus, CoP comprises groups of individuals who share an interest in something they take 
on and through collaboration, they learn how to improve what they undertake (Wenger & Wenger-Trayner, 2015). 
Furthermore, within the CoP theory, four components of learning are identified, i.e., meaning, practice, community 
and identity (Wenger, 1998b).

The link between the CoP theory and this research is explained as follows: CoP has a shared domain of interest; 
within the scope of this research the shared field of interest was the blended learning approach for teaching STEM-
related subjects. Within the ambits of CoP, members of the community engage in shared activities and discussions. 
Within the spheres of this research were the interactive workshops in which the teachers participated. Members of a 
CoP are practitioners; within this research, the members of this community were teachers of STEM-related subjects. 
Thus, this theoretical framework provided the framing for exploring the blended learning approach (Smith et al., 
2017) and was adequate to frame this research which focused on exploring mathematics and technology teachers’ 
perceptions of using the blended learning approach for STEM-related subjects within the 4IR.

Research Focus and Research Question

In the scope of this research, as society embraces the 4IR, we need to explore if STEM teachers are adequately 
prepared to use technology-enabled pedagogy. The research aim was to explore teachers’ perceptions of using 
the blended learning approach for STEM-related subjects. Two interactive workshops on exploring the blended 
learning approach for STEM-related subjects within the 4IR were conducted with participants. Subsequently, semi-
structured interviews were conducted with the participants.

The purpose of the interactive workshops and the interviews was to respond to the main research question: 

What are mathematics and technology teachers’ perceptions of using the blended learning approach for 
STEM-related subjects within the 4IR?

Research Methodology

General Background

This research explored teachers’ perceptions of using the blended learning approach for STEM-related subjects. 
For this reason, an interpretive paradigm was adopted to carry out the research which employed a qualitative case 
study design. Qualitative data were collected using reliable and valid research instruments. Researchers using the 
interpretive paradigm, use qualitative approaches to explore practices, knowledge and perceptions of people to 
reveal the reality of their data (Thanh & Thanh, 2015).

The research was conducted at one university in the first semester (15 weeks) of the 2019 academic year. The 
research incorporated two interactive workshops and one semi-structured face to face individual interview with 
postgraduate STEM students who were also teaching STEM-related subjects at secondary/high schools. This case 
study comprised of a descriptive and probing analysis of the perceptions of the participants who taught STEM-
related subjects in secondary/high schools. The research was framed using the theory of Communities of Practice.

Population and Sampling

The population for the research were 139 Bachelor of Education postgraduate STEM education students regis-
tered at one participating university. These participants were registered for the Honors, Masters or Doctoral degree 
in Education. Every student that was enrolled for a postgraduate degree in STEM education at the participating 
university was offered the chance to participate in this research. Participation in the data generation process was 
voluntary (Šorgo & Špernjak, 2020). Thus, participants who did not volunteer to participate were omitted in the 
selection for the pilot and main research. All participants were teaching mathematics and technology at second-
ary/high school level; these participants were the cases under study.

The research was a small scale in-depth qualitative study, and a total of 47 postgraduate students agreed 
to participate in the research. Besides, the number of participants who participated in the research represented 
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approximately one-third of the total population. Therefore, the sample size was sufficient to represent the total 
population. A random sample of ten participants was selected to participate in the pilot research. Data were gener-
ated through two interactive workshops and face to face individual semi-structured interviews.

Pilot Research

Pilot research was conducted to ensure the dependability and validity of the research process and the re-
search instruments. Through this process, the research instruments were modified. For example, through the pilot 
research, it was observed that there was an error during the first workshop presentation, which led to an adjustment 
to this presentation. Also, some participants in the pilot research were uncertain of what was required in specific 
questions on the interview schedule.

Subsequently, questions were rephrased to eliminate ambiguity and to ensure that each item was appar-
ent. Moreover, the language used during the workshops and on the interview schedule was precise and straight 
forward to increase the reliability.

Interactive Workshops

Two workshops for the main research were conducted with 37 participants. These workshops were facilitated 
by the researchers and held on two Saturdays during the first semester of the 2019 academic year. The workshops 
lasted approximately 5 hours per Saturday with two breaks (one 30- minute tea break and a 1-hour lunch break) 
scheduled in between the workshop activities. The workshops were focused on exploring the blended learning 
approach for STEM-related subjects within the 4IR. Activities were based on teaching and learning financial math-
ematics and teaching and learning hydraulics and pneumatics.

The learning outcomes for the mathematics activities included the students’ ability to solve problems in con-
texts that may be used to build awareness of other learning areas concerning profit and loss, budgets, hire purchase, 
exchange rates and banking. The learning outcomes for the technology activities included the students’ ability to 
apply technological processes and skills ethically and sensibly using suitable information and communication tech-
nologies to demonstrate an understanding of the link between science, technology, society and the environment.

At each workshop, participants were provided with PowerPoint presentations focusing on teaching notes, 
examples of lesson plans, examples of assessments and demonstrations of how technology-enabled pedagogy 
could be embedded effectively within STEM-related classrooms. Subsequently, participants were invited to par-
ticipate in an individual interview towards the end of the 2019 academic year. This meant that each participant 
would have the opportunity of reflecting on what they had learned from the workshops. Their learnings would 
possibly advance their practice and thereby promote their professional development.

Semi-Structured Interviews

Although 37 teachers participated in the two interactive workshops, due to work, study, family or other com-
mitments, only 23 participants were available to be interviewed. The number of participants who participated in the 
interviews represented approximately 62% of the total population who participated in the workshops. Therefore, 
the sample size for the interviews was sufficient to represent the total population. The semi-structured face to face 
individual interview was audiotaped and then transcribed. The reason for selecting semi-structured interviews was 
so that responses for each interview item could be probed further to obtain clarity of responses. The reason for 
choosing face to face individual interviews was that this type of interview minimized non-response and maximized 
the quality of the data collected. Also, face to face one-on-one interviews appeared to make the participants feel 
at ease; it seemed as if the personal contact with the researcher was a source of motivation for the participants. 
Participants could also openly ask for questions to be explained in further detail. This type of interview also enabled 
the researchers to ask for clarification of responses.

The interviews were semi-structured and focused on the following key questions:
 • What were the participant’s perceptions of the blended learning approach?
 • What were examples of blending learning used by each participant in their classroom?
 • What were the strengths/challenges of using the blended learning approach within the classroom 

context?
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 • Were the two workshops of any benefit to the participants while planning on integrating blended 
learning within lessons?

Since the interviews were semi-structured, further questions were included as each interview progressed, 
to probe each participant’s responses. Transcripts were sent to participants to ensure the accuracy and validity of 
what was stated during the interview. The purpose of the interview was to gain more clarity on each participant’s 
perception of the blended learning approach for STEM-related subjects within the 4IR. The interviews were con-
ducted at the participating university at a convenient time for each participant.

Data Analysis

Data analysis which encompassed coding and categorizing of themes was based on the conceptual framework 
of the research, i.e. Communities of Practice. The data analysis process resulted in generating codes for describ-
ing participants’ responses to the interview questions. All data generated were analyzed qualitatively, and all 
transcribed interview data were read and reread line by line in-order for the researchers to become familiar with 
the data. After the transcriptions of each interview were completed, the interview data were inspected, and data 
were segmented into meaningful codes. The purpose of this type of coding was to reveal teachers’ perceptions of 
using the blended learning approach for STEM-related subjects within the 4IR.

These codes were carefully reviewed and captured as themes. Thus, thematic coding was inductively used 
to generate themes. The themes that were identified provided a clear picture of teachers’ perceptions on the use 
of the blended learning approach for STEM-related subjects within the 4IR. Four main themes were identified 
from the qualitative content analysis of the interview transcripts. Teachers’ perceptions on the use of the blended 
learning approach were: it is impeded by the lack of technology-based tools; it is hampered by limited teacher 
professional development; it offered the use of virtual hours for consultation and feedback within STEM-related 
milieus, it increased engagement and collaboration within STEM-related milieus.

Ethical Issues

Gatekeeper access and ethical clearance were obtained from the research office of the participating univer-
sity. Participants were provided with an information sheet outlining the purpose and process of the research. This 
informed consent sheet also included the participants’ right to withdraw from the research. Also, the participants 
provided permission for the audiotaping of the individual face to face semi-structured interviews.

Furthermore, the anonymity and confidentiality of participants were assured by using codes. Numbers were 
assigned in the order that each participant was interviewed. For example, Participant 5 refers to a participant that 
was interviewed fifth, and Participant 21 refers to a participant that was number 21 on the interview timetable.

Research Results

While in general, the participating teachers valued the use of the blended learning approach within STEM 
classrooms, they did indicate that they had uncertainties and experienced challenges when trying to imitate what 
they had learnt during the two interactive workshops. The participants’ responses are described in the results that 
follow.

The Blended Learning Approach is Impeded by the Lack of Technology-Based Tools

Based on the interview responses, it was apparent that the participants had tried to replicate the demonstra-
tions and their experiences from the workshop. Some of the participants had challenges due to the shortage of 
technology-based tools within their educational milieus. This view is supported by excerpts from the interview 
transcripts that follow.

Participant 1: …I want to try blended learning in my technology class…we can share ideas and talk about creating 
practical examples of pulleys…they [the learners]1 may not be able to view the video about mechanic control sys-
tems to prepare…my learners come from different backgrounds and may not have access to the internet at home…

1 Words in square brackets within the transcripts have been added by the researcher to support the reader’s understanding.
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Participant 7: …it looks so interesting to try…we can discuss these examples for financial math in class…I don’t 
have access … PowerPoints and videos…
Participant 10: …this will help my class…we can use realistic examples of hydraulics in everyday life…they [the 
learners] will not be able to view the videos to prepare for the class…they don’t have the necessary tools…
Participant 13: …I only have the computer at school…do not have my computer…it will be difficult to try blended 
learning…
Participant 21: …we have load shedding2 quite often…my class may not have electricity to view the lessons online…
Participant 23: …this would be an excellent idea for my class…I do not have access to these videos … I have limited 
internet access…even worse for my class…they need to go to the municipal library or internet café to get access… 
this is not something we can try daily…

It is evident from the preceding transcripts that the participants embraced the notions of CoP by focusing on 
sharing ideas and discussing realistic examples. However, the lack of material resources hampered teachers while 
they attempted to incorporate aspects of the blended learning approach within their classrooms. The preceding 
transcript excerpts indicate that teachers embraced the Fourth Industrial Revolution and integrated the notions 
of blended learning within their STEM classrooms.

However, the limited access to the internet and technology-based resources affected the teachers’ capabilities 
and motivation for integrating technology-based learning within their classrooms. Role-players within education 
sectors need to collaborate to ensure that classrooms related to STEM subjects are sufficiently equipped with the 
essential resources necessary to embrace the 4IR.

The Blended Learning Approach is Hampered by Limited Teacher Professional Development

To successfully create a blended learning environment, teachers need to have the necessary skills and knowl-
edge. This implies that teachers require adequate professional development to use technology-based resources 
effectively. In this research, some participants indicated that they lacked sufficient pedagogical content knowledge 
to use technology-based resources effectively. This notion is exemplified in the transcript excerpts that follow.

Participant 2: …I can see my myself trying blended learning…I need to learn how to…I can use PowerPoints…the 
podcasts and selecting and uploading videos is a bit of a problem…
Participant 4: …it seems easy enough…but I don’t think I know how to record my voice for each slide in the Power-
Point…I also do not know how to create the videos…
Participant 6: …this is so useful…I know my class will understand since they work with apps…but I need more 
training with this…
Participant 9: …I made contact with other teachers from the workshop…discussed ways of using blended learning…
the department needs to provide us with more workshops…
Participant 13: …I only have access to the school computer…need training on how to create these podcasts and 
videos…
Participant 15: …I taught my lesson online, but I had a problem with the large size of the files…did not know how 
to make the recordings smaller…I need help with things like that…

As is evident, teacher professional development workshops focused on the effective use of technology-based 
resources for teaching are crucial. If teachers participated in teacher professional development workshops related 
to teaching STEM subjects within the domains of blended learning, this would assist with embracing the notions 
of the 4IR.

2 Load shedding refers to the interruption of electricity supply to avoid excessive overload. Load shedding is active when there is a high 
demand for electricity. Load shedding is a planned interruption in electricity supply by the Department of Electricity in South Africa. All 
consumers are informed in advance of load shedding times within their areas through the use of a comprehensive schedule.
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The Blended Learning Approach Offered the use of Virtual Hours for Consultation and Feedback within  
STEM-Related Milieus

The participating teachers indicated that often they did not have enough time in class to complete meaningful 
discussions and clarify concepts. Consequently, the use of the blended learning environment provided them with 
another way of completing discussions, explaining concepts and submitting much-needed feedback, virtually. 
The participants were of the view that the blended learning approach allowed them to transform their identity as 
they were shifting how they taught and how they viewed teaching. These notions are exhibited in the transcript 
excerpts that follow.

Participant 1: …they [the learners] can ask questions at any time…I can provide feedback at any time…this is 
something that can work…but my entire class can’t participate because they don’t all have access to the internet…
Participant 4: …it seems beneficial, especially for my shy learners…they now can chat with me without having to 
ask questions in front of the rest of the class…they can do this at any time…but we are all learning how to use the 
different technology…I am not an expert…I try my best…I find myself changing how I do things…
Participant 14: …this is exciting…the blending learning allows my class to try the exercise on Profit and Loss at 
home…then we can discuss online or in class…I feel that I am different as a teacher…I am not so stressed since there 
seems to be more time for us to discuss…the learners become more attentive…
Participant 17: …we work online at any time…the class has more time to think about and discuss their problems 
regarding the section on gears…especially for those who are reserved and don’t like speaking in class…this provides 
a good opportunity to clarify and interact with each other…
Participant 20: …I feel as if the blended learning brings something new for me as a teacher…I am changing how 
I teach…I am enjoying it…I am enjoying consulting with my students online…I am more like a guide…the class is 
more involved…
Participant 21: …this is a good idea…it gives the class more time and more ways to solve problems on finance…
discussing problems online seems better for the class, especially when they are shy in the class…but issues with 
electricity an internet causes problems…
Participant 22: …sometime we run out of time in class…blended learning allows me to share with my class important 
information online…they can then look at this at their own time and we can talk about problems virtually…this is a 
good idea if we all have the necessary tools…the class becomes more lively in this process…

Some students are often reluctant to ask questions during lesson time, especially if they think their problem 
is not important. If the teacher allowed students to engage with the teacher and class virtually, this would alleviate 
some of these issues. The blended learning environment could be used for organizing virtual consultation hours. 
Students could be invited to discuss with the teacher during virtual consultation times. Based on the preceding 
transcripts, it was evident that students welcomed the opportunity to discuss queries virtually, and teachers en-
sured that misunderstandings were addressed swiftly.

The use of the blended learning approach created a transformation in traditional teaching and learning, 
which brought about a change in the identity of both the teacher and students. Within the domains of CoP, the 
notion of identity is valued and is fixated on how learning transformed who the individuals are. In this research 
it was evident that the blended learning approach changed the status of both the teachers and students with 
the STEM classrooms; teachers became the facilitators, and the learners became more active within the learn-
ing process.

The Blended Learning Approach Increased Engagement and Collaboration within STEM-Related Milieus

The participants indicated that the blended learning approach increased engagement and collaboration 
within STEM-related classrooms. The participants employed the use of a blended learning approach within their 
classes after being exposed to this type of strategy during the workshops. They combined the use of technology 
and the traditional ‘chalk and talk’ method within their STEM classrooms. Based on the results of this research, this 
type of approach exhibited interaction and collaboration within the STEM classroom. This is supported by the 
transcript excerpts that follow.
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Participant 1: …I know many of my class don’t have access to the internet at home…class time we started using a 
WhatsApp group to discuss some ideas around our topic on hydraulics…this created interaction, discussion and they 
[the learners] were working together and helping each other…the school has internet so the class could download 
some information to look at later when they were at home…
Participant 2: …it seems that my class is better at using technology…helped me to download information…this 
created a change in the roles…this created teamwork and discussion…the class were more involved…creating a 
PowerPoint worked well, to sum up, all the important ideas…
Participant 8: …I found that blended learning creates a buzz of activity and discussion in the class…we were talking 
about Finances and Small Businesses. They just came alive…they were very interested in a short clip from a Netflix3 
video I shared with them regarding financial swindles…
Participant 10: …I found this works in my technology class…view videos on making pulleys etc. and then we can 
discuss the process in class…they are more talkative since they know what is being taught…it is relevant and real-
world examples are used…
Participant 11: …my class were absorbed in the lesson…they could discuss more because they viewed the video 
beforehand…the asked refreshing questions…they had more time to think about the content being taught…
Participant 19: …I moved from the board to the video…it was exciting…they [the learners] wanted to know more…
this was a good idea…

To achieve engagement, the blended approach encompassed a variety of resources. Videos, PowerPoint 
presentations and visually enriched demonstrations were integrated within the blended learning environment to 
include learners and to ensure that content was comprehensible.

As was evident, through the use of the blended learning approach, the participants made the learners re-
sponsible for their learning. This notion was supported by the use of WhatsApp before the lesson commenced, as 
was evident in the response provided by Participant 1.

Discussion

The qualitative results provide evidence on the participants’ perceptions of using the blended learning 
approach for STEM-related subjects. The participants indicated that the blended learning approach was 
impeded by the lack of technology-based tools. The participants could not repeat all activities that were 
discussed during the workshop since they did not have access to all the necessary technology-based re-
sources. However, they embraced the notions of CoP by focusing on sharing ideas and discussing realistic 
examples. Similarly, Evans et al., (2014) proposed using conversations for practical learning activities which 
provide a clear indication of how technology may be used for creating shared knowledge and resources. 
In this research, it was evident that limited access to the internet and technology-based resources also 
influenced the participants’ capabilities and motivation for integrating technology-based learning within 
their classrooms (Klopfer et al., 2006).

The participants indicated that the blended learning approach was hampered by limited teacher profes-
sional development. This result is supported by Ertmer and Ottenbreit-Leftwich (2012). They have maintained 
that to successfully create a blended learning environment, teachers require adequate professional develop-
ment to use technology-based resources effectively. As is evident in this research, there is a need for teacher 
professional development workshops focusing on the effective use of technology-based resources for teaching 
(Dlamini & Mbatha, 2018). While blended learning may be used to transform teaching and learning activities 
(Hains-Wesson & Tytler, 2015), teachers require professional development to become innovative and at ease 
with the use of technology to integrate blended learning within their classroom contexts (Scott & Scott, 2010). 
Thus, teachers need to organize a CoP (Wenger & Wenger-Trayner, 2015), so that they may collaborate around 
ideas related to the teaching of STEM-related subjects. Teachers are required to network with each other to 
learn together. Thus, if teachers participate in teacher professional development workshops related to teaching 
STEM subjects within the domains of blended learning, this would assist in embracing the notions of the 4IR.

Moreover, the participants indicated that the blended learning approach offered the use of virtual hours 

3 Netflix allows individuals who pay for this streaming service to watch movies, television shows and documentaries using devices connected 
to the internet.
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for consultation and feedback within STEM-related classrooms. Similarly, research (Jeffrey et al., 2014) have 
maintained that blended learning may be defined as an approach to teaching that disregards time, place, and 
contextual barriers while empowering robust collaborations between teachers and students. Additionally, 
within the domains of CoP, the notion of identity is valued. It is fixated on how learning changes who we are, 
since individuals participating within a community, attain new knowledge, and concurrently their identities, 
transform (Wenger, 1998b; Wenger & Wenger-Trayner, 2015).

Furthermore, the participants indicated that the blended learning approach encouraged engagement 
through the use of various technology-based resources. This result resonates with research (Jeffrey et al., 
2014), which maintained that teachers need to be encouraged to reflect on and restructure their lessons so 
that students are provided with diverse learning experiences and resources. As was evident in this research, 
through the use of the blended learning approach, the teachers encouraged learners to become responsible 
for their learning. Similarly, linking learners and resources online does not necessarily take place in the class-
room; this is ubiquitous due to our access to the internet (Bell, 2011). Within the ambits of CoP, collaboration 
is supported whereby student learning is enriched by sharing and cooperation (Wenger, 1998a; Wenger & 
Wenger-Trayner, 2015). As was evident, in this research, through the blended learning approach, the learners 
collaborated and discussed solutions in the STEM classrooms while the teacher facilitated.

Conclusions

This research aimed to explore teachers’ perceptions of the blended learning approach for STEM-related 
subjects within the Fourth Industrial Revolution. This qualitative, interpretive research was conducted at one 
university in KwaZulu-Natal, South Africa. Participants were invited to two interactive workshops and were 
consequently interviewed. Four main themes were identified from the qualitative analysis of the interview 
transcripts. Teachers’ perceptions on the use of the blended learning approach are: it is impeded by the lack 
of technology-based tools; it is hampered by limited teacher professional development; it offers the use of 
virtual hours for consultation and feedback within STEM-related milieus, it increases engagement and col-
laboration within STEM-related milieus.

This research has provided interesting perceptions regarding the blended learning approach for STEM-
related subjects within the 4IR. Moreover, based on the results of this research it is apparent that within the 
contemporary STEM classroom, as technology becomes more available and if Communities of Practice are 
embraced as a useful framework, teachers will seek to engage in supportive pedagogy to amplify the benefits 
to student learning. However, for the successful integration of blended learning within the contemporary 
STEM classroom, there is a need for technology-based resources and for teachers to be involved in profes-
sional development workshops focusing on how to enhance student learning within the blended learning 
environment. These professional development workshops would be of benefit to teachers of STEM-related 
subjects globally as we embrace the Fourth Industrial Revolution.

Further studies on a larger scale for exploring teachers’ perceptions of using the blended learning ap-
proach for STEM-related subjects are needed. Opportunities for future research could include qualitative 
studies conducted at several universities within different provinces in South Africa. Similar studies could also 
be done at universities internationally. Large scale data may provide greater reliability and opportunities for 
further qualitative analysis and interpretation. Further quantitative studies could also be conducted nation-
ally and globally to explore teachers’ perceptions of using the blended learning approach when teaching 
STEM-related subjects. This would be beneficial for increasing the knowledge base in the field within South 
Africa and globally.

Acknowledgements

The authors are grateful to the National Research Foundation (NRF) who partially funded this research. NRF 
Grant Number: TTK170408226284, UID: 113952.

https://doi.org/10.33225/jbse/20.19.583

TEACHERS’ PERCEPTIONS OF USING THE BLENDED LEARNING APPROACH FOR STEM-
RELATED SUBJECTS WITHIN THE FOURTH INDUSTRIAL REVOLUTION

(pp. 583-593)



592

Journal of Baltic Science Education, Vol. 19, No. 4, 2020

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

References

Bell, F. (2011). Connectivism: Its place in theory-informed research and innovation in technology-enabled learning. The Interna-
tional Review of Research in Open and Distributed Learning, 12(3), 98-118. https://doi.org/10.19173/irrodl.v12i3.902 

Borko, H. (2004). Professional development and teacher learning: Mapping the terrain. Educational Researcher, 33(8), 3-15. 
https://doi.org/10.3102%2F0013189X033008003 

Büyükdede, M., & Tanel, R. (2019). Effect of the STEM activities related to work-energy topics on academic achievement and 
prospective teachers’ opinions on STEM activities. Journal of Baltic Science Education, 18(4), 507-518. http://oaji.net/arti-
cles/2019/987-1564685800.pdf 

Darling-Hammond, L. (2017). Teacher education around the world: What can we learn from international practice? European 
Journal of Teacher Education, 40(3), 291-309. https://doi.org/10.1080/02619768.2017.1315399 

Darling-Hammond, L., Chung, R. W., Andree, A., & Richardson, N. (2009). Professional learning in the learning profession: A status 
report on teacher development in the United States and abroad. National Staff Development Council.

Dlamini, R., & Mbatha, K. (2018). The discourse on ICT teacher professional development needs: The case of a South African 
teachers’ union. International Journal of Education and Development using Information and Communication Technology, 
14(2), 17-37. https://files.eric.ed.gov/fulltext/EJ1190045.pdf 

Ertmer, P. A., & Ottenbreit-Leftwich, A. (2012). Removing obstacles to the pedagogical changes required by Jonassen’s vision of au-
thentic technology-enabled learning. Computers & Education, 64(1), 175-182. https://doi.org/10.1016/j.compedu.2012.10.008 

Evans, C., Yeung, E., Markoulakis, R., & Guilcher, S. (2014). An online community of practice to support evidence-based 
physiotherapy practice in manual therapy. The Journal of Continuing Education in the Health Professions, 34(4), 215-223. 
https://doi.org/10.1002/chp.21253 

Fadzil, H. M., Saat, R. M., Awang, K., & Adli, D. S. H. (2019). Students’ perception of learning STEM-related subjects through 
scientist-teacher-student partnership (STSP). Journal of Baltic Science Education, 18(4), 537-548. http://oaji.net/arti-
cles/2019/987-1564685988.pdf 

Graven, M., & Lerman, S. (2003). Book Review: Wenger, E. (1998). Communities of practice: Learning, meaning and identity. Journal 
of Mathematics Teacher Education, 6(1), 185-194. https://link.springer.com/article/10.1023/A:1023947624004 

Hains-Wesson, R., & Tytler, R. (2015). A perspective on supporting STEM academics with blended learning at an Australian uni-
versity. Issues in Educational Research, 25(4), 460-479. http://www.iier.org.au/iier25/hains-wesson.pdf 

Hearn, S., & White, N. (2009). Communities of practice: Linking knowledge, policy and practice. Background Note (pp. 1-4). 
Overseas Development Institute.

Jeffrey, L. M., Milne, J., Suddaby, G., & Higgins, A. (2014). Blended learning: How teachers balance the blend of online and class-
room components. Journal of Information Technology Education: Research, 13(1), 121-140. http://www.jite.org/documents/
Vol13/JITEv13ResearchP121-140Jeffrey0460.pdf 

Jong, J. P. (2016). The effect of a blended collaborative learning environment in a small private online course (SPOC): A compari-
son with a lecture course. Journal of Baltic Science Education, 15(2), 194-203. http://journals.indexcopernicus.com/abstract.
php?icid=1202146 

Klopfer, E., Osterweil, S., Groff, J., & Haas, J. (2006). Using the technology of today, in the classroom today. The instructional 
power of digital games, social networking simulations and how teachers can leverage them. The Educational Arcade, 4(2), 
1-23. https://www.researchgate.net/publication/263125941_Using_the_Technology_of_Today_in_the_Classroom_To-
day_The_Instructional_Power_of_Digital_Gaming_and_Social_Networking_and_How_Teachers_Can_Leverage_It/
stats#fullTextFileContent 

Lalima, D., & Dangwal, K. L. (2017). Blended learning: An innovative approach. Universal Journal of Educational Research, 5(1), 
129-136. http://www.hrpub.org/journals/article_info.php?aid=5495 

Little, J. W. (2012). Professional community and professional development in the learning-centred school. In M. Kooy & K. van 
Veen (Eds.), Teaching-learning that matters: International perspectives (pp. 22-46). Routledge.

Makgato, M. (2019). STEM for Sustainable Skills for the Fourth Industrial Revolution: Snapshot at Some TVET Colleges in South 
Africa. In K. G. Fomunyam (Ed.), Theorizing STEM education in the 21st century (pp. 144-159). InTechOpen Limited.

Schwab, K. (2016). The Fourth Industrial Revolution (pp. 172). World Economic Forum.
Scott, D. E., & Scott, S. (2010). Innovations in the use of technology and teacher professional development. In J. O. Lindberg & 

A. D. Olofsson (Eds.), Online learning communities and teacher professional development: Methods for improved education 
delivery (pp. 169-189). IGI Global.

Seck, A. (2015). Technology production: A challenge for economic growth and development in Africa. Journal of African Studies 
and Development, 7(8), 207-214. https://academicjournals.org/journal/JASD/article-abstract/C9FB40C54220 

Smith, S. U., Hayes, S., & Shea, P. (2017). A critical review of the use of Wenger’s Community of Practice (COP) theoretical framework 
in online and blended learning research, 2000-2014. Online Learning, 21(1), 209-237. https://olj.onlinelearningconsortium.
org/index.php/olj/article/view/963 

Šorgo, A., & Špernjak, A. (2020). Biology content and classroom experience as predictors of career aspirations. Journal of Baltic 
Science Education, 19(2), 317-332. https://doi.org/10.33225/jbse/20.19.317 

Thanh, N. C., & Thanh, T. T. L. (2015). The interconnection between the interpretive paradigm and qualitative methods in educa-
tion. American Journal of Educational Science, 1(2), 24-27. https://pdfs.semanticscholar.org/79e6/888e672cf2acf8afe2ec2
1fd42a29b2cbd90.pdf 

https://doi.org/10.33225/jbse/20.19.583

TEACHERS’ PERCEPTIONS OF USING THE BLENDED LEARNING APPROACH FOR STEM-
RELATED SUBJECTS WITHIN THE FOURTH INDUSTRIAL REVOLUTION
(pp. 583-593)



593

Journal of Baltic Science Education, Vol. 19, No. 4, 2020

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

Timms, M., Moyle, K., Weldon, P., & Mitchell, P. (2018). Challenges in stem learning in Australian schools. Literature and Policy Review. 
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1028&context=policy_analysis_misc 

Timperley, H. (2011). Realizing the power of professional learning. McGraw-Hill Education.
Wenger, E. (1998a). Communities of practice. Learning as a social system. Systems Thinker, 9(5), 1-10.
Wenger, E. (1998b). Communities of practice: Learning, meaning, and identity. Cambridge University Press.
Wenger, E., & Wenger-Trayner, B. (2015). Communities of practice: A brief introduction. https://wenger-trayner.com/introduction-

to-communities-of-practice/ 

Received: April 09, 2020 Accepted: July 27, 2020

Cite as:  Naidoo, J., & Singh-Pillay, A. (2020). Teachers’ perceptions of using the blended learning approach for 
stem-related subjects within the fourth industrial revolution. Journal of Baltic Science Education, 19(4), 583-593.  
https://doi.org/10.33225/jbse/20.19.583 

Jayaluxmi Naidoo
(Corresponding author) 

 

PhD, Associate Professor, Academic Leader: Postgraduate Certificate 
in Education (PGCE), Mathematics and Computer Science Education, 
University of KwaZulu-Natal, Main Tutorial Building, Room CU 118, 
Edgewood Campus, Durban, South Africa.  
E-mail: naidooj2@ukzn.ac.za
ORCID: https://orcid.org/0000-0003-3433-5354 

Asheena Singh-Pillay PhD, Senior Lecturer, Academic Leader: Bachelor of Education 
(B.Ed. Programmes), Science and Technology Education, University 
of KwaZulu-Natal, Main Tutorial Building, Room A147, Edgewood 
Campus, Durban, South Africa.  
E-mail: Pillaya5@ukzn.ac.za

https://doi.org/10.33225/jbse/20.19.583

TEACHERS’ PERCEPTIONS OF USING THE BLENDED LEARNING APPROACH FOR STEM-
RELATED SUBJECTS WITHIN THE FOURTH INDUSTRIAL REVOLUTION

(pp. 583-593)


