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Abstract  

 

This study sought to narrate the experiences of a digital novice South African rural teacher, 

using technological pedagogical reasoning (TPR). The ubiquity and pervasiveness of dig-

ital technology is creating a need for teachers to develop TPR to remain relevant in this 

ever-changing global teaching community. TPR is developed in the real context of a 

teacher’s practice; hence, teachers need to have the experiences of learning to teach with 

technology in their actual classes. In this study, one South African rural teacher found 

computer simulations (CS) to be curricular materials with the potential to transform how 

physical sciences can be taught in South African rural schools. Their affordances are 

many, depending on how they can be manipulated by the user to add value to their pursuits. 

In addition, they have pragmatic value to the practice of South African teachers. The ben-

efits of using CS were informed by using the technological pedagogical reasoning (TPR) 

framework. These affordances were relational, uncovered through an active interaction 

with the technology and the learners. The use of technology in teaching does not come with 

a pedagogical manual; hence, their use by the individual teachers is idiosyncratic. Hence, 

this creates a need for more research in the use of specific technology while teaching in 

rural schools to develop a more nuanced understanding of TPR. 

 

Keywords: Computer simulations, South African rural teaching, technological pedagogical rea-

soning  

 

 

Introduction 

 

Schools in South African rural areas are characterized by lack of basic teaching and learning 

materials, classrooms with adequate furniture, computers and connectivity to the internet (Bo et 

al., 2018; National Education Infrastructure Management System [NEIMS], 2020). These chal-

lenges not only constrain but perpetuate the teaching of physical sciences via rote learning 

(Banilower et al., 2018), and it is often characterized by conditions that inhibit rather than support 

higher-level scientific sense-making by learners (Minner et al., 2010). Consequently, learners in 

South African rural schools are at a greater risk of failing due to poor meaningful learning experi-

ences or of dropping out due to repeated failures (Hardy, 2019). Learners in South African rural 

schools are highly predisposed to becoming school dropouts, and their opportunities to participate 
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in higher education are limited due to their poor performances (Abotsi et al., 2018; Imoro, 2009). 

In addition, learners often matriculate from high school with no long-term retention of what they 

learned and less interest in additional interests in science (Duncan, 2011).  

It has been observed that many schools in rural areas are exposed to teaching and learning 

challenges that can be mitigated by technology (Nkula & Krauss, 2014; Salinas, & Sánchez, 2009). 

However, the question is, how are teachers going to be persuaded to integrate technology into their 

routine instruction to provide meaningful learning experiences for their learners? Teachers need 

to be responsive, in light of the evidence highlighting the efficacy and potential of technology in 

order to mitigate the perennial challenges that continue to plague the quality, equality and equity 

in rural schools (Lubin, 2018). There is evidence associating specific uses of digital technologies 

in teaching and learning with positive impacts on student outcomes (Tamim et al., 2011; Under-

wood, 2009). Therefore, teachers must pay attention to the current research. They need to be adap-

tive and responsive to the stimuli, adopting technology to transform their instructional practices. 

Collective responsiveness is necessary to improve teaching that has prioritizes learners at the heart 

of professional learning. Collective responsiveness requires teachers with a willingness and re-

sponsibility to reinvent themselves via classroom inquiry and knowledge production.  

Teachers in rural areas are not inclined to integrate digital technology into teaching and 

learning (Bo et al. 2018). This situation seems to mirror the digital divide between urban and rural 

areas (Salinas & Sanchez, 2009). A number of reasons have been suggested as to why teachers do 

not integrate digital technology into their routine instruction, such as teachers’ attitudes (Gilakjani 

& Leong, 2012), lack of technological skills to integrate technology into practice (Bang & Luft 

2013), and lack of effective/adequate professional development (Walan, 2020). As a result of these 

issues, this study sought to narrate the responsiveness of one particular science teacher in a South 

African rural school who used digital technology in spite of the barriers at his school. For the 

purposes of this study, digital technology refers to the use of computer simulations (CS).  

There is a dearth of studies in emerging market and developing economies (International 

Monetary Fund, 20151) especially in rural areas that have reported teachers reflecting on their use 

of specific digital technology in situ. Whilst the term rural may refer to a geographical location, it 

is the economic and historical connotation that makes the term/context, an influencing factor in 

this study. Historical settlement policies of the apartheid government created homelands or bantu-

stans where Africans after being disposed from their productive land, were resettled. Because of 

the legacy of apartheid, these contexts have a low socio-economic status characterized by 

poor/dysfunctional family structure, high unemployment and reliance on government social grants, 

high illiteracy levels, lack of basic services such as running water, electricity, sanitation, health 

and educational facilities, and inadequate physical and information, communication technologies 

infrastructure(Gardiner, 2008; Hlalele,2014;Mosimege et al, 2015). In many of the schools, where 

the national school nutrition program is being implemented, the food is prepared, cooked outside 

over fires and served outside or in classrooms that are used for learning and teaching. None of the 

schools have eating facilities. Many learners commute long distances to and from school every 

day. While some of the schools have been (re)built in recent years from brick, others still use mud 

structures and containers as school classrooms (Mosimege et al., 2015). As a result of the govern-

ment no-fee policy on all schools in the quintile 1-3 category, of which most schools in rural areas 

fall, the classrooms are overcrowded with most schools having more than 45 learners per class-

room (Hlalele, 2014; Gardiner, 2008). When it rains, some learners are not able to come to school 

 
1. World economic and financial surveys-October 2015/ www.imf.org/eternal/pubs/ft/weo/2015/02/weodata/ 

groups.htm#cc 
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because there are no bridges to cross when rivers are flooded. Unfortunately, these conditions have 

a bearing on rural education and their influence on schooling provision can never be underesti-

mated. While the rural areas will always be a unique set-up, there is need for discourses/research 

that will not pathologize rurality.  The “rural” conversation in South Africa is currently presented 

with deficiency scripts (Ebersöhn & Ferreira 2012), conceptualized on the basis of what rural areas 

“do not possess” and in many cases “will never possess” (Hlalele, 2014). 

Not many studies tend to recognize rural public schools and their teachers as places and 

people of innovation and alternative pedagogical effectiveness (Tembrevilla, 2020). Hence, little 

attention is paid to the potentially positive aspects of rural teaching and the potentially positive 

experiences of rural teachers that may impact learning (Buckler, 2011). There is need to reject 

deficit discourses that are often portrayed and fail to go beyond recognizing schools in rural areas 

as disadvantaged. Teachers working in rural areas are individuals who should be considered to 

have free will to create their own world and not to have their fate determined by their social context 

(Elder, 1994). The debate within the education circle (irrespective of context) has shifted from 

whether to how teachers should integrate technology in their routine instruction in order to meet 

the challenges of the 21st century and make education relevant, responsive, and effective for any-

one, anywhere, anytime (Haddad & Draxler, 2002). Hence, how teachers are responsive to this 

phenomenon in rural context is worth researching and is the focus of this study.  

Teaching with digital technology is wisdom of practice (Shulman, 1987) which is devel-

oped during integration in the real-world messiness of everyday classroom practice. Smart (2016) 

refers to it as technological pedagogical reasoning (TPR). The argument of this study is that teach-

ers with developed TPR are inclined to successfully integrate digital technology seamlessly into 

their instructional practice. Increasing experience of teaching with technology makes science 

teachers feel more self-efficacious for using digital technology in their classrooms (Yerdelen-Da-

mar et al., 2017). With a developed TPR, teachers are able to make decisions on the appropriate 

combination of instructional design and classroom orchestration (Magana et al., 2021). For the 

purposes of this study, TPR is a process where teachers make use of the identified affordances of 

digital technology as they carry out instructional activities for the purposes of facilitating learning. 

It is a robust nascent concept that continues to evolve due to the ever-changing face of technology, 

a concept that distinguishes the teacher from other professionals. TPR is both a creative and idio-

syncratic process intended to potentially transform content as prescribed in the curriculum policy 

document into formats that are readily accessible to specific learners in their contexts. Also related 

to this goal is the idea that curriculum materials are seldom packaged to be intrinsically motivating, 

nor presented in any way to be particularly meaningful or relevant to the learners’ daily lives or 

purposes (Ryan & Deci, 2017). In this transformation process, digital technology is expected to 

plays a mediatory role to enhance content transformation. Research on TPR helps to understand 

teachers’ actions (both seen and unseen) and how these mediated actions support learning. There 

is no universal approach to teaching with technology, and in most contexts, the practical imple-

mentation of technology in teaching is largely left to individual teachers (Tallvid, 2015). Through 

TPR, a teacher’s knowledge, skills, judgements and analysis in decision-making processes are 

manifested and can be studied (Holmberg, Fransson & Fors, 2017). This makes the process ame-

nable to theorization. 

Therefore, this study seeks to answer the question: How does a South African rural 

teacher’s experience technological pedagogical reasoning (TPR)?  

Computer simulations (CS) are interactive computer programs that are designed to repre-

sent or model a particular scientific phenomenon. Computer simulations are emerging learning 
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technologies that research has evinced their efficacy in the teaching and learning of science (Bo et 

al., 2018). They have the potential to transform teaching practices and afford learners the oppor-

tunity to learn physical sciences in an inquiry-oriented approach (Minner et al., 2010). Their po-

tential is realized when they are used with others to achieve a pedagogical purpose (Milner-Bo-

lotin, 2016). These simulations can be used as a medium for communication, inquiry or for moti-

vation purposes (Gonczi et al., 2016; Plass et al., 2012). They present content-as-animated pictures 

(CAP), visual representations of dynamic theoretical entities that are critical for understanding 

why matter behaves as observed (Ardac & Akaygun, 2004; Honey & Hilton, 2011). However, 

their use within schools in rural areas is to a large extent minimal and without clearly defined 

purpose (Bo et al., 2018). To properly design learning interventions using CS, and more im-

portantly, how to actually adopt, adapt and integrate them in instructional practice for specific 

audiences and contexts, is a complex task (Kriek & Coetzee, 2021). 

As a result of the pervasiveness of digital technology inside and outside the school, teach-

ing with technology is the sine qua non for the 21st century teacher. However, TPR is a new phe-

nomenon that has been triggered by the invasion of digital technology into the education landscape. 

It is thus a nascent phenomenon that involves the teachers’ use of technology to leverage curricu-

lum adaptation, planning and enactment. This integration is a positive departure from the kind of 

teaching and learning that has typified physical science education in rural South Africa. It is in-

tended to enhance the quality of learning experiences to make science lessons more meaningful 

and appealing to learners. 

 

Technological Pedagogical Reasoning (TPR) 

 

This study employed Smart’s (2016) model of technological reasoning as both a theoretical 

and analytical framework (Figure 1). This framework was deemed applicable as it guides the nov-

ice teacher on which actions/aspects of teaching to execute using the potential affordances of dig-

ital technology. It thus can serve as a model for self-directed professional development. The frame-

work also identifies components of the knowledge base for teaching which influences and guides 

TPR. 

 
 

Figure 1: Smart's Model of Technological Pedagogical Reasoning (2016, p. 300) 
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Shulman (1987) refers to pedagogical reasoning as a set of cognitive sub-process undertaken by 

teachers when they transform the content into formats that are accessible to learners. The sub-

processes are: comprehension; transformation; instruction; evaluation; reflection and new compre-

hension. There are overlapping processes that have also been identified by Smart (2016) namely: 

transformation-during-instruction and evaluation-during-instruction. Therefore, TPR is the inte-

gration of technology to carry out these sub-processes. 

 

Comprehension 

 

As argued by Shulman (1987), to teach is to understand the content as outlined in the cur-

riculum statement (syllabus). Previously, this process involved searching for content in the text-

books since books were the major teaching tool to access scientific material (Moreno et al., 2001). 

However, web-based resources are increasingly becoming popular and readily accessible for re-

trieving information useful for teaching purposes. Thus, the digital resources that teachers can 

access and select for inclusion in a learning environment are becoming enormous. The search for 

content is no longer restricted to only textbooks, but it involves the search for relevant and appro-

priate virtual simulations on the internet to address the content as prescribed in the curriculum 

document. Computer simulation visuals present teachers with the opportunity to understand new 

content developments when compared to textbook presentation. As a South African rural teacher 

who is writing his experience with the digital technology, CS presents teachers with an opportunity 

to engage with content/ideas in an interactive way which opens epistemic agency in learners. 

 

Transformation 

 

In the transformation process, the disciplinary content is to be “educationally recon-

structed” (Duit et al., 1996, p. 36) or what is called contextual reconstruction a critical process 

necessary for teaching. The process of contextual reconstruction is concerned with contextualiza-

tion of content, transforming the content as prescribed in the curriculum statement into a format 

suitable for teaching and learning in that context. Shulman (1987) conceptualized transformation 

as four sub-processes: critical interpretation (preparation), representation, selection and adaptation 

and tailoring. Today, some of the sub-processes of transformation have been eliminated by the use 

of technology. The selection of suitable computer simulations is one way to transform the content 

as well as adapting and tailoring it to the needs of the learners. This selection of computer simula-

tion refers to the action of the teacher in purposefully choosing and adopting computer simulations 

from diverse websites in order to accomplish the lesson objectives. Also, the process of selecting 

computer simulations is an attempt to “scrutinize” the teaching material in order to decide whether 

it is fit to be taught and if it is not, to decide how it could be “made more suitable for teaching” 

(Shulman, 1987, p.16).   

 

Transformation-during-Instruction 

 

Initially, Smart (2016) refers to transformation-during-instruction (T-d-I) as occurring 

when teachers have to adopt contingency plans and change learning activities temporarily or per-

manently due to failure of working of digital technologies. However, T-d-I occurs even when there 

is no failure in working of technology. For example, learners can ask questions with ideas which 

are or are not directly related to the content under consideration. Teachers need to respond to such 
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questions and clarify the ideas that learners would have stated. In other instances, teachers need to 

link the ideas of the current lesson with ideas from previous or future lessons. These cases are 

considered as T-d-I 

 

Instruction 

 

In this context, the term “instruction” will simply be defined as all activities (both cognitive 

and physical) undertaken by teachers and learners which have the intent of learning new infor-

mation (Beauchamps, 2011). Technology could play a transformative role by enabling teachers to 

exploit a wide range of interactive opportunities with learners during instruction. It could transform 

the way the teacher organizes and manages the classroom while enhancing classroom communi-

cation and the interaction with learners. During instruction, there are varying levels of CSs that 

can be used by teachers depending on their experience and skills 

 

Evaluation-During-Instruction 

 

Smart (2016) also identified the overlapping of evaluation and instruction which she terms 

evaluation-during-instruction (E-d-I). E-d-I occurs when the teacher either probes for prior 

knowledge or when the teacher moves around the classroom checking for understanding. 

 

Evaluation 

 

The boundary between evaluation and instruction is usually vague and difficult to deline-

ate. An assessment of learning and how the teaching is progressing is usually on-going and not left 

until the end of instruction. Using CS enables teachers to execute several approaches to evaluate 

learners’ learning. These include asking direct questions to individuals, groups and/or whole class; 

peer evaluation; and moving around the room and watching over learners (Smart, 2016). These 

approaches are examples of E-d-I. In contexts where schools have adequate digital technological 

infrastructure, teachers use these technologies to check learners’ assignments and provide feed-

back, and learners can use digital technologies to prepare and submit assignments. However, in 

impoverished schools, this ability is not feasible. 

 

Reflection 

 

Reflective reasoning is equivalent to what Schӧn (1983) called reflection-on-action. In this 

phase, the teacher looks back at the teaching and learning that has occurred and reconstruct, re-

enact and/or recapture the critical events, emotions and accomplishments or failures to derive ped-

agogical shifts in their planning and instructional phases. Based on the pedagogical shifts gained, 

the teacher may reconstruct and/or re-enact part of the practice in future cycles (Shulman, 1987). 

Smart (2016) reports that many experienced teachers’ reflections focused on their successes of 

using new digital technologies or of using new digital technologies in the classroom for the first 

time. Though teachers have no regular formal processes for recording reflection, reflections can 

enlighten all aspects of pedagogical reasoning. 
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New Comprehension 

 

New comprehension is the new insights gained after a successful pedagogical reasoning 

cycle. The new comprehension now informs the new cycle of pedagogical reasoning. Teacher 

gains new insights (pedagogical shift) into his teaching through reflecting on the acts of compre-

hension, transformation, instruction and evaluation. These insights usher in a new understanding 

of content to be taught, of students, of purposes, of self and of the process of teaching itself (Geddis 

& Wood, 1997). New comprehensions consist of all that was learned from the cycle of pedagogical 

reasoning processes and how things might be done differently. Obtaining new comprehension also 

takes into account the selected approach, environmental situations, emotions experienced by stu-

dents and by the teacher, and other such internal and external factors (Nyamupangedengu, 2017). 

This new comprehension usually does not come immediately or after the reflection stage; it nor-

mally takes longer (Shulman, 1987). 

 

Methodology 

 

The use of CS was a new phenomenon to the lead author. Therefore, he wanted opportuni-

ties to reflect on the use of the technology in real time. The research design used in the study is 

action research (AR). This study was completed in three iterations over a period of three years 

with three different classes. In all of the classes, the topic of instruction was electromagnetism. 

This topic was chosen based on the previous experiences of the lead author and other researchers 

where they found that learners had challenges with understanding concepts in electromagnetism 

(Zenda, 2016).  

Data sources were the reflective journals of the lead author, classroom observations by 

external researchers and peer teachers, focus group discussions with learners, and artifacts such as 

lesson plans and curricular documents. The use of many data sources was to triangulate data for 

enhanced validity.  

The sub-processes of Smart’s (2016) model of TPR were used as codes. The use of pre-

codes was influenced by the use of technology in teaching, which was a new phenomenon to the 

lead author; hence, he wanted to reflect on the use of CS on those common aspects of the teacher 

thinking processes as identified in literature. 

 

Results 

 

Comprehension 

 

The teacher consulted the curriculum document (CAPS) (South Africa Department of 

Basic Education [DBE], 2011) for the content to be taught and this resulted in formulating the 

objectives of the lesson because these objectives were not provided to South African teachers. As 

the lead author interacted with the document, he was disturbed and confused by the significance 

of DBE assigning only six hours to the teaching of the topic. Many questions came to the teacher’s 

mind that needed answers:  

 

What did the curriculum planners consider when allocating the topic six hours? Are learn-

ers constrained to understand the topic in six hours? Do learners have the same capacity to 



                                                                           Critical Questions in Education 14:2 Summer 2023 
 

 

147 

understand the topic in six hours? If the learners didn’t understand the content in six hours, 

what’s next? Is the six hours also allowing time for preparation?  

 

Whilst the teacher was the one asking these questions, he also felt challenged because he was 

unable to answer them. If the six hours were the time to cover the described content, it would 

assume that the teacher was going to be teaching a homogenous class of learners. Furthermore, by 

stipulating the time, the focus is now on the content and not on the learners. The teacher also 

inquired from a colleague about his interpretation of the six hours and he did not get a satisfactory 

response. 

 

Transformation 

 

After getting an understanding of the content to be taught, the teacher was now prepared 

for the second stage which was the transformation of the content into formats that would be acces-

sible to learners. This process involved a series of actions that included searching the internet for 

suitable computer simulation suites, planning practical activities to involve learners and how the 

activities could be sequenced and finally drafting the lesson plan. The selection of computer sim-

ulations was a critical process because these computer simulations were not designed for the phys-

ical sciences curriculum for South Africa. Teachers’ search behaviours and selection practices be-

comes critical to provide teachers with readily available, and useful, online CS (Burron & Pegg, 

2021). The selection of CS was based on a particular criterion. Introducing these criteria supported 

the teacher in selecting those simulations needed to cover the prescribed content, whilst at the same 

time adapting and tailoring the content to meet the needs of the learners. The criteria for these 

simulations are:  

 

• Relate to the electromagnetism concepts prescribed in the CAPS document. This con-

sideration is important for the achievement of the objectives of the lesson and the inte-

gration between the animations and the curriculum for the success of the animations 

(Barak & Dori, 2011). 

• Present 3D representations, which promote learners’ spatial visualization ability 

thereby enhancing learners’ understanding by “providing a degree of reality unattaina-

ble in a traditional two-dimensional interface” (Kim et al., 2001, p. 38). Interactive 3D 

simulations have the potential to enhance learners’ conceptual development of the basic 

science phenomena (Huang et al., 2015)  

• Depict the dynamic, transient and interactive nature of scientific phenomena (Wu & 

Shah, 2004).  

• Link the macro-processes with the micro-processes.  

• Provide affordances that enable learners to interact with the animation and manipulate 

variables and entities (Akpınar 2014; Velazquez-Marcano et al., 2004; Wilkerson-Jerde 

et al., 2015) 

• Link abstract concepts to real-world examples (Kozhevnikov & Thornton 2006; Wang 

et al., 2014)  

• Be suitable for the learners and support the learning experience. 

 

The transformation stage is very important as it ensures that content has been reduced into for-

mats/representations that enables learners to potentially develop an in-depth understanding of that 
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content and develop key skills. Transformation is intended to enhance the learners’ process of 

transformation- how learners make sense of the new information with respect to their prior 

knowledge, resulting in restructuring it for meaning making. 

 

Transformation-During-Instruction 

 

Among the suites of computer simulations that were selected, none could be found that was 

suitable to demonstrate the magnetic field around a loop. It was therefore necessary to use the CS 

that was used earlier to demonstrate the magnetic field around two straight conductors. The reason 

for using this CS suite as written in this reflective journal was because  

 

I could not find a suitable computer simulation to demonstrate the magnetic field around a 

loop and so I decided to use this computer simulation of two parallel lines with current 

flowing in opposite directions to demonstrate the field around a loop. It really worked be-

cause the magnetic fields are the same around a loop and around two parallel wires with 

current flowing in opposite directions. In this computer simulation changes in the values 

of current could be made and learners can observe the outcome or feedback and be able to 

generate a hypothesis, draw conclusions or formulate a model (August 2015). 

 

Transformation-during-Instruction is evidence of the contingent nature of teaching (Forzani, 

2014), which requires in-the-moment action/decision-making. 

 

Instruction 

 

During the instructional phase, the computer simulations were projected on a white screen 

which was at the front of the room, so that they could be used in a whole-class setting. The teacher 

manipulated the simulations for two reasons. Firstly, learners were not familiar with this learning 

tool and had no learning experiences with them in previous classes. Secondly, the teacher wanted 

to guide learners to the important concepts that they had to understand. Through the manipulation 

of computer simulations, the teacher was able to deliberately change and vary the way of asking 

questions. Every move/manipulation of the simulation was a source/initiator of a question. Hence, 

the teacher moved away from the traditional South African practice of dictating notes while learn-

ers were passively copying the notes. On the contrary, the ensuing dialogue resulted in a pattern 

of interaction where the teacher initiated the questions for discussion, the learners responded, and 

the teacher sought for the confirmation of the response from other learners. The questions required 

learners to give more elaborate answers. Noted in his reflective journal: 

 

The discussions I had with the learners gave me an opportunity to elicit their ideas and to 

understand their thinking. I am particularly excited with the communicative power of com-

puter simulations. They provide an environment for exploration through dialogue and ques-

tioning opportunities. When asking a question, I no longer need to evaluate whether the 

response is correct or wrong myself, other learners are able to confirm if it is wrong or 

correct. This makes the teacher no longer the arbiter, but multiple learner voices are al-

lowed to speak. However, where it was necessary, I was called to correct wrong ideas that 

learners may have (August, 2015).  
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While reflecting on the prior reflection (retro-reflection), the lead author realized an interesting 

approach to questioning2, which was shaped by the use of computer simulations. This approach 

was an attempt to move away from a monologue and authoritative discourse to a more inclusive 

and dialogic discourse. The attempt to open the dialogic space was motivated by the desire to 

involve learners in knowledge‐building processes. From a learner’s perspective, dialogic teaching 

affords them with greater epistemic agency (Ko & Krist, 2018), resulting in authorship, meaning 

and more equitable opportunities to learn (Resnick, Asterhan & Clarke, 2015). 

 

Evaluation-During-Instruction 

 

The responses by learners to the teacher’s questions showed that computer simulations 

were very helpful as evidenced in the following excerpt. The responses showed learners who were 

able to read and interpret the computer graphical displays. 

 

Learners were able to give valid descriptions of the magnetic field around the current-car-

rying conductors. One learner was able to give a description, which I had not anticipated. 

He said that the field was non-uniform as evidenced by the fact that the circles were not 

equidistant, with the field lines near the conductor very close together while those far from 

the conductor were farther apart. He even suggested that the field was, therefore, stronger 

near the conductor while weak far away from the conductor. I perceive that computer sim-

ulations can provide supportive guides which assist learners against going astray both sci-

entifically and operationally (Reflective journal, August 2015). 

 

It is therefore important to encourage learners to rely on their own experience as opposed to solely 

depend on the utterances of teachers. This increases learning, creativity, and insight on the part of 

learners (Barzouka et al., 2015). It is therefore critical to highlight that the role of the teacher when 

using CS is now skewed towards “highlighting authentic and relevant information, providing suf-

ficient background material and following up by providing novel insights, interpretations and per-

spectives” (Sitaraman, 2021, p. 2). 

 

New Comprehension  

 

Selection of various CS is an important process of transforming content. It enhances the 

comprehensibility of content since different CS have different features which can be used to adapt 

and tailor the content to the requirements of the curriculum. Noted in his reflective journal: 

 

The various prompts and cues that are found within some computer simulations are in-

tended to adapt and tailor our lessons to the needs of learners. Some of the computer sim-

ulations on the internet are meant to be used by learners in high schools as well as students 

in college or university (August 2015). 

 
2. The following serves as an example. In a lesson on electromagnetic induction, instead of telling them what 

happens when a magnet is moved towards the solenoid, I asked them what their observations were when the magnet 

is moved towards the solenoid. It was not only the lighting of the bulb they referred to but also the moving of the 

electrons. The question does not require a yes/no. Instead, requires the learner to verbalise and express their thoughts 

in their own words. The role of the teacher, in this case, is to participate in learners’ discussion as a peer and to co-

construct knowledge with the learners.  
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The process of searching for new CS is ongoing since there are new CS with new features that are 

developed and designed. The selected computer simulations used in this lesson had limitations. It 

was not possible to change some of the variables for learners to observe the effect, for example, 

on the magnitude of the magnetic field, when the current is varied. Learners were therefore unable 

to hypothesise the relationship between current and magnetic field on their own. 

Computer simulations are not only the medium to display the content but also the medium 

through which the content is delivered. These simulations provide supportive and engaging mul-

timedia features that permits content to be displayed pictorially and not through the use of abstract 

text. Thus, computer simulations can display content-as-animated pictures (CAP), a new learning 

affordance available to learners in schools in South African rural areas. At the same time, CS allow 

the teacher to engage in dialogic talk with the learners as they explore the various graphical repre-

sentations caused by changes to the initial state of the computer simulations. It has both pragmatic 

and epistemic value. The teacher no longer relies on the textbook as the only curricular material 

when sourcing for content. The lead author found CS graphically illustrated scientific phenomena 

better than explanations by the teacher, textbook or any other curriculum material. No matter how 

well a teacher explains scientific phenomena, the effect on student learning is not the same as when 

learners view it using CS. Other curricular materials do not explicitly demonstrate the dynamic 

nature of scientific phenomenon in the manner that CS do. 

 

Discussion 

 

Computer simulations are essential curricular materials and epistemic tools that teachers 

working in unique contexts such as schools in rural areas can adopt and adapt to design tasks of 

teaching (Ball, 2000), which can engage learners in meaningful learning as opposed to rote learn-

ing. Keeping in mind, these rural areas still lack clean running water, classrooms, furniture, elec-

tricity, libraries, textbooks, laboratories, computers, and connectivity to the internet. Smart’s 

(2016) model identifies these tasks of teaching. As curricular material, CS has potential af-

fordances to guide/influence teachers’ curriculum adaptation, planning, and enactments, because 

CS are not only the source of content but also the medium through which the same content is made 

accessible to learners. As a tool that can be used to engage learners in knowledge construction 

practices, it also qualifies as an epistemic medium (Miettinen & Virkkunen, 2005). The use of the 

term “medium” is consistent with Romiszowski’s (1988) conceptualization of medium as a carrier 

of messages, from some transmitting source to the receiver of the message (p. 8). The selection of 

a number of computer simulations provides affordances that assist the teacher in meeting the con-

tent requirements of the curriculum while at the same time tailoring the content to the needs of the 

learners. It is important to note that not all simulations have the same features. It is therefore im-

portant for teachers to know how they can manipulate (T-d-I) the available CS in the event that 

there is no suitable one to demonstrate the concept. The CS leverages the interrogative ability of 

the teacher in that every move/manipulation of the simulation is an initiator of a question. Engag-

ing learners through dialogue is an intentional attempt of opening up dialogic space in classroom 

interactions thereby encouraging learners “to be authors and producers of knowledge, with own-

ership over it, rather than mere consumers of it” (Engle & Conant, 2002, p. 404). The use of com-

puter simulations “stimulate language use” (Tomlison, 2003, p. 2), namely the language of science. 

One of the general aims of the CAPS (section 1.3 d) (DBE, 2011), is to develop learners who are 

able to communicate effectively using visual, symbolic and/or language skills in various modes. 

Thus, CSs can be used by teachers to engage learners to communicate science ideas using 
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terms/words that are familiar to them. The affordances of CS present teachers with opportunities 

of opening up aspects of their curriculum (Ko & Krist, 2018), a practice that allow learners to be 

part of the knowledge‐ building processes. Learners are then positioned as collaborators in co‐

constructing knowledge as opposed to passive consumers. This kind of learning is the emphasis of 

current reforms in science education to support learners’ deep sense-making through their partici-

pation in science knowledge‐building practices (National Research Council, 2012). 

TPR is an attempt to make sense of how the affordances of digital technology can be ap-

propriated to leverage tasks of teaching in a particular context. Thus, the manifestation of TPR 

indexes the conception of teaching/learning that teachers hold. Not a one-off event, it is a process 

that is negotiated and intricately linked to the qualities of interactions among the teacher, learners, 

content and CS. The teacher makes sense of the potential affordances of digital technology by 

reflecting on the use of the digital technology in- and on-action as they interact with the learners 

and content. It is important that professional development of teachers should enable them to have 

opportunities to reflect on their actions and how they affect learning. Practical knowledge is de-

veloped through a reflection on their accounts of experiences, which are individually, continuous 

and situated in cultural and social contexts (Han & Feng, 2015). However, teachers, rarely have 

an opportunity for reflective analysis on their instructional methods (Cohen & Hill, 1998; 

McLaughlin & Talbert, 2001). As a result, teachers in rural schools lack a deliberate process for 

developing contextual, practical knowledge to address the challenges they encounter, and at the 

same time, engaging teachers in learning about teaching with technology. 

Finally, TPR is not a phenomenon only focused on teachers but learners as well. There has 

been criticism of models of pedagogical reasoning as being only teacher centered. This criticism 

fails to recognize the inherent purpose of TPR, which is to design and create meaningful learning 

experiences for learners. Thus, TPR results in new comprehensions, a common feature on all mod-

els of pedagogical reasoning, in new knowledge, attitudes, and skills (KAS). The intended outcome 

is the creation learning environments that support learners’ understanding of scientific concepts 

by appropriating the affordances of digital technology. For South African rural teachers, TPR can 

be conceptualized as having the following phases: Plan, Enact, Review, and New Comprehension. 

These phases are depicted in Figure 2: 

 

 
 

Figure 2: Model of Technological Pedagogical Reasoning for a South African Rural Teacher 
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During the planning phase, the teacher designs the lesson activities as informed by the 

curriculum policy, which involves searching for the CS that can be used to deliver the prescribed 

content. The action of designing learning activities is an attempt to transform the prescribed con-

tent to be intrinsically motivating and made to be particularly meaningful or relevant to the learn-

ers’ daily lives or purposes (Ryan & Deci, 2017). For example, a learner commented,  

 

…we never knew that magnet can induce current and that current can be induced by mag-

netism, so it really taught us a lot. Now we know that maybe if we want a magnet, and we 

don’t have a magnet we [can] use current to induce magnetism… 

 

Learners become motivated as they can see relevance in the knowledge they are gaining.  

The enactment phase involves the teacher interacting with learners using CS to engage with 

the chosen content. Within the enactment phase are important sub-phases such as transformation-

during-enactment and evaluation-during-enactment. Transformation-during-enactment is an in-

stance when the teacher is compelled to makes on-the-spot instructional changes because of un-

planned circumstances that might derail the flow of the lesson. Evaluation-during-enactment is 

when the teacher assesses learners to check their level of comprehension or the difficulties that 

learners might be encountering to understand the content. The review phase involves the teacher 

reflecting on what transpired during the enactment phase: what went right or wrong, or areas that 

can be further improved. The insight gathered from the reflection on the lesson forms the teacher’s 

new comprehensions. Thus, the new comprehensions should include new knowledge, attitudes and 

skills. This model includes the routine basic tasks of teaching for teachers in South African rural 

areas. 

 

 

Conclusion 

 

Mastery experiences are critical to the development of TPR as they provide teachers with 

the opportunity to identify/discover potential affordances of digital technology they can manipu-

late for instructional purposes. Such learning experiences are not only professional but also au-

thentic and embedded in subject matter and connected to the teachers’ own practice. The ability to 

identify potential affordances is an active sense-making and problem-solving process during which 

the teacher interacts with the learners, and the learners interact with the teacher. Thus, TPR is 

influenced by digital technology, and at the same time, it influences the way that digital technology 

is used within particular contexts. TPR is idiosyncratic and cannot be cloned. Digital technology 

is not the silver bullet to all the challenges in teaching; it does not possess inherent instructional 

value. It is the concerned teacher who ascribes value that digital technology adds to the teaching 

and learning processes. Successful use depends on what the teachers concerned intend to achieve, 

even when teaching the same content. The authors suggest that it is here where South African 

researchers, policy makers and administrators are incorrect. It is not that teachers are recalcitrant 

to the pedagogical use of digital technology. There is an attempt and inclination by researchers/pol-

icy-makers to force teachers to use particular ways of digital technology use that have been re-

ported/suggested to generally work elsewhere in a different context. As a result, there is no con-

sideration to the contexts of the concerned teachers and the instructional value they intend to derive 

from the use of specific technology. Teachers have different goals for integrating technology in 

their instructional practices. South African science teachers should be encouraged and supported 
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to design their signature teaching approaches using technology in ways that addresses their con-

cerns and contexts. In this way, South African teachers have learning opportunities to further im-

prove their practice while at the same time developing practical knowledge relevant to their con-

texts. Despite the challenges that South African rural schools continue to endure, CS is both ped-

agogical and epistemic tools, a resource that can be used by teachers to leverage curriculum adap-

tation, planning, and enactment. These curricular materials are at the disposal of teachers in South 

African rural areas to transform the learning environment/pedagogy from one of vulnerability to 

one of resilience. 
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