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ABSTRACT

The purpose of this study was to investigate preservice science teachers’ proficiency levels regarding 
their practical knowledge of technological pedagogical content knowledge (TPACK-P). A sample 
of 103 third- and fourth-year participants from a South African university were surveyed on their 
TPACK-P proficiency levels using a 17-item questionnaire developed by Yeh, Lin, Hsu, Wu, and 
Hwang. Rasch analysis was employed to analyse the data. The findings of the study showed that the 
great majority of preservice science teachers have a proficiency level of 3 for their knowledge on 
TPACK-P. A proficiency level of 3 demonstrates the infusive application, where the teacher makes use 
of ICTs to guide learners to self-explore and independently construct their science knowledge. These 
baseline findings could inform higher education institutions in reviewing their teacher development 
programmes for pre-service science teacher preparedness in harnessing the affordances of ICT in 
their teaching.
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INTRodUCTIoN

Advances in information and communication technology (ICT) have diversified teacher instruction 
and it is claimed that “ICTs have the potential to improve the quality of education and training” 
(Department of Basic Education, 2004, p. 8). This is imperative for the integration of ICT in learning 
expressed through South Africa’s White Paper 7 on e-Education (Department of Basic Education, 
2004), where it is stated that “ICTs can advance higher order thinking skills such as comprehension, 
reasoning, problem-solving, creative thinking and enhance employability” (p. 14). Furthermore, 
with regards to teaching it is asserted that “e-Education will connect learners and teachers to better 
information, ideas and to one another via effective combinations of pedagogy and technology in 
support of educational reform” (p. 14). By having this resource at hand, teachers will have access 
to the needed information to allow them to explain content in a more comprehensible way but also 
demonstrate it to learners (Ramnarain & Moosa, 2017). In South Africa, ICT integration is also 
seen as having a transformational effect in advancing national educational goals such as equity and 
quality in an education system that has historically marginally Black students (Ford & Botha, 2010; 
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Ramnarain & Modiba, 2013). Given the potential contribution of ICT to learning, there is a need to 
study more closely teacher competency in their instructional actions when integrating ICT into their 
teaching practice.

TPACK and TPACK-P Frameworks
The appropriateness of pedagogical representation selections and planned learning activity designs 
involving ICTs are determined by teachers’ technological pedagogical content knowledge (TPACK). 
According to Van Driel, Verloop, and de Vos (1998), TPACK, like Pedagogical Content Knowledge 
(PCK) that was pioneered by Shulman (1986) is regarded as craft knowledge that teachers use when 
they support students in constructing understanding of an idea or domain (Hsu, Yeh, & Wu, 2015). 
TPACK is defined by Koehler, Mishra and Cain (2013) as “the basis of effective teaching with 
technology requiring an understanding of the representation of concepts using technology” (p.16). It 
is important for teachers to have the necessary TPACK to ensure that ICT integration in the classroom 
will be effective. Further to this, Jen, Yeh, Hsu, Wu, and Chen (2016) explain the TPACK of teachers 
will allow the teaching of topics to be more understandable to learners.

Mishra and Koehler (2006) conceptualised TPACK using Shulman as a basis, where they added 
“technology to the two knowledge bases of pedagogy and content, to explain technology-supported 
teaching and learning” (p. 46). Their framework on TPACK puts more emphasis on the “connections, 
interactions, affordances, and constraints between and among content, pedagogy and technology” 
(p. 1025). These knowledge bases of teachers cannot be isolated and will always be intertwined 
with one another to ensure that effective teaching will take place. As seen in Figure 1, Mishra and 
Koehler (2006) developed a model that emphasises the “complex interplay of these three bodies of 
knowledge” (p. 1025).

The above framework demonstrates the working of TPCK when it was originally developed. The 
framework for technological pedagogical content knowledge is now known as TPACK. As seen in 
the above framework, teachers must ensure that they have a good knowledge or understanding of how 
to use technology as a foundation for teaching content in the classroom, The above framework also 

Figure 1. Technological pedagogical content knowledge framework (Adapted from Mishra and Koehler 2006)
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demonstrates the vast amount of knowledge teachers must have to ensure that they will have a well-
developed TPACK. The TPACK framework allows for the utilisation of better teaching techniques, 
that allows teachers to implement technology-assisted teaching effectively allowing for a deeper 
approach to the content. Jen, Yeh, Hsu, Wu and Chen (2016) explained that teachers in our “digital 
age” should ensure that they know how to use technology properly in their classrooms (p. 46).

Various models of TPACK have evolved from different perspectives on the role of ICT integration 
(Ay, Karadag & Acat, 2015). In large part, these models address knowledge and skill dimensions 
independent of teaching experience. The TPACK-Practical model (TPACK-P) however, focuses on 
teaching experience and is a knowledge framework for science teachers that “considers the teaching 
process as the basis upon which application knowledge (teaching experience) and TPACK skills 
work together” (Ay, Karadag & Acat, 2015, p.98). Within the model of TPACK-P, there are three 
knowledge domains that play an important role in a teaching environment: Planning and designing, 
practical teaching, and assessment.

The planning and designing domain refer to the techniques that teachers use to prepare the 
curriculum adaptively with the considerations of learners’ individuality and features of the target 
curriculum. Yeh et al., (2015) explained that planning and designing is when “teachers prepare for 
upcoming teaching practices” (p. 79). When teachers are planning and preparing for their lessons, 
they must consider the different teaching techniques they are going to use in the lesson but also the 
learners’ knowledge of what the topic demands. When teachers understand what learners understand, 
but also what they struggle with, the lesson plan can be improved using various teaching techniques, 
including technology. With technology as a teaching technique, misconceptions that learners might 
have on a concept can be included in the lesson planning and teachers can retrieve different educational 
videos to demonstrate the concept.

The practical teaching domain involves teaching practically and employing the various techniques 
to ensure that ICT-integrated instruction can be carried out smoothly in various learning contexts. In 
science education, teachers cannot rely on theoretical knowledge alone; practical application of the 
theoretical knowledge plays an important part in learners’ understanding. Yeh et al. (2015) explained: 
“Science teaching needs to guide and support students as they explore nature and make inquiries, 
while ICTs offer stimuli, representations and channels” (p. 80). Concepts within science need to 
be practically implemented in the classroom to ensure that learners grasp the content. Even though 
chemicals are expensive for some schools, the use of technology can improve the practical teaching 
of some practical concepts. Teachers do not have to rely on the use of chemicals to demonstrate the 
effects to learners, technology can be used to virtually demonstrate the theoretical concepts to the 
learners. Yeh, Lin Hsu, Wu and Hwang (2015) explain that “ICTs offer stimuli, representations, and 
channels to accommodate preservice science teachers with heterogeneous cognitive development in 
different inquiry activities” (p. 80).

Lastly, the assessment domain involves assessing how learners are using multiple techniques to 
construct knowledge (Yeh, Hsu, Wu, Hwang, & Lin, 2015). The assessment domain also includes the 
techniques teachers use that inform them about their learners. In science education, learners develop 
misconceptions on concepts, and this can affect their overall understanding. Technology can be used 
to continuously assess the learners in a lesson on concepts that poses a problem. TPACK-P suggest 
that teachers’ knowledge in ICT-infused assessment is critical, since it determines how well they 
assess students’ learning with proper ICT tools and strategies (Falk 2012; Fan, Wang & Wang, 2012).

ICT and Teacher Education
The roll-out of the technology in our South African classrooms can have a positive impact on the 
education of our learners but there are also a few barriers to this technology-assisted teaching. Teachers 
are not all trained in the effective implementation and the use of technology in their classrooms. 
Jen, Yeh. Hsu, Wu and Chen (2016) explain that the “lack of necessary knowledge and confidence” 
contributes to the unsuccessful usage of technology (p. 45). Mumtaz (2000) stated a list of inhibitors 
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has been found in previous studies. A few of the barriers to the limited use, is the “lack of teaching 
experience with ICT, lack of on-site support for teachers using technology, lack of supervision of 
children when using computers, lack of ICT specialist teachers to teach students computer skills, lack 
of computer availability, and lack of financial support.” (p. 320). Mishra and Koehler (2006) further 
explains that “teachers will have to do more than simply learn to use currently available tools; they 
will also have to learn new techniques and skills, as current technologies become obsolete” (p.1023). 
Consequently, as technology becomes outdated every year, teachers should stay updated to ensure they 
will use technology effectively with different techniques. To ensure that teachers stay updated with all 
technological developments, “teachers need to be provided with adequate facilities and training to be 
able to use those facilities, in order to progress in technology-rich context” (Mumtaz, 2000, p.336). 
The South African White Paper on e-learning emphasizes the role of higher education institutions 
such as universities in ensuring the preparation of teachers to effectively integrate ICT in their teaching 
(Department of Education, 2004). This is revealed in the excerpt below from this document:

Accredited pre-service teacher training programmes will provide students with the basic 
knowledge, skills and attitudes required to integrate ICTs into subjects of specialisation. This will 
require that each graduating teacher is able to combine knowledge of the learning process and 
instructional systems theory with various forms of media and learning environments, to create the 
most effective and efficient learning experiences. (p.27)

With the use of surveys and questionnaires, researchers have tried different approaches in 
investigating teachers’ TPACK. These surveys and questionnaires allow teachers to choose answers on 
these surveys and questionnaires that is more suitable to their understanding of TPACK. The resulting 
information has not only revealed how well teachers’ knowledge and application is developed on 
teaching with technology, but constructive directions for future teacher education was also established. 
There is thus a renewed sense of urgency for teacher education institutions to adequately prepare 
teachers to fulfil this mandate of technology-assisted teaching.

This research provides information on the competency of student teachers in science education 
implementing ICT use in their classrooms and identifying specific gaps in teacher TPACK such as 
ICT-integrated teaching strategies, ICT to assess learners and ICT and instructional management. 
This baseline information could be useful for higher education institutions in reviewing their teacher 
development programmes for student science teachers. According to Lux, Bangert and Whittier 
(2011), is important “for evaluating the quality of instructional technology training that occurs in 
teacher preparation programs (p. 419). Yeh et al., (2014) elaborated that teacher education programs 
should not only focus on the integration of technology but also on the experiences of teachers using 
technology in the classroom. The research was guided by the following question:

What is the TPACK-P proficiency of preservice science teachers?

RESEARCH dESIGN ANd METHodoLoGy

This research adopted quantitative design in collecting data from a sample of 103 Life, Natural and 
Physical Sciences pre-service science teachers at a South African university. The students were either 
in their third or fourth year of a four year Bachelor of Education qualification. The decision to focus 
on this cohort of students was due to them been orientated towards TPACK in their methodology 
modules in these years of study, and having experience in the integration of ICT during their teaching 
practicum at schools. The data was collected by means of a questionnaire developed by Yeh et al. 
(2015). The questionnaire based on the TPACK-P framework comprises 17 items that describe 
instructional scenarios on science teachers’ implementation of ICTs in their instruction. Hence, the 
items solicit data on teachers’ TPACK-P proficiency levels. This instrument had been administered 
previously to preservice teachers (Jen, Yeh, Hsu, Wu, & Chen, 2016), and was deemed by researchers 
at three local universities to be valid in terms of constructs being addressed for the same targeted 
group of participants in South Africa. The items were also piloted with the same year group of South 
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African university students pursuing a Bachelor of Education qualification at another university, 
and the readability of the items was confirmed. The items in the questionnaire are clustered together 
according to the three knowledge dimensions mentioned earlier. Questions one to six focus on the 
assessment dimension of the preservice science teachers. Questions seven to 13 focus on the planning 
and designing knowledge dimension. Lastly questions 14 to 17 focus on the enactment knowledge 
dimension. Table 1 shows how the 17 items of the questionnaire were clustered according to the three 
different knowledge domains of TPACK-P, known as planning and designing, practical teaching and 
assessment.

Each item has four options that individually represent typical performances that teachers at levels 
1 to 4 display. Level 4 (reflective application) is the highest proficiency level that science teachers 
could achieve, and it indicates that they are adept at using their experience based TPACK to employ 
ICTs in assisting their learners in learning about science. Teachers at level 3 (infusive application) use 
ICTs to guide students to self-explore and independently construct their science knowledge, whereas 
teachers at level 2 (simple adoption) use ICTs to help learners learn about science but via more 
teacher-centred strategies or with less well-founded rationales. Level 1 represents teachers that only 
have a basic understanding of technology resulting from their lack of, or limited experience, negative 
impressions regarding technology in the classroom, or a lack of intention to implement ICTs in their 
classrooms. For example, item 1 that focused on the assessment domain, was formulated as follows: 
How do you think your use of videos/animation in the classroom helps you to better understand your 
students’ learning? The following options were offered to students:

A.  They help me learn how students feel about the use of videos /animation in instruction.
B.  They help me assess students’ content comprehension through dynamic presentations.
C.  They help me elicit students’ prior knowledge and/or misconceptions.
D.  I don’t believe videos /animation are useful for assessing students’ individual differences.

Option C represents a performance at level 4, option B at level 3, option A at level 2 and option 
D at level 1.

The data collected was analysed by employing Rasch analysis. The mean score and standard 
deviation for the frequency with which the preservice science teachers select an option corresponding 
to a proficiency level was calculated. Reliability (internal consistency) for the instrument was 
established by calculating Cronbach’s alpha. Knowledge differences between the 103 preservice 
science teachers were explored by applying a unidimensional Partial-Credit Model (PCM) to the 
response data collected from the TPACK-P questionnaire. All responses on the 17 questions were 
scored according to the corresponding proficiency level (i.e., 1, 2, 3, 4). A blank response was scored 
as 0, referring to proficiency level 0 where “the respondent had no idea how to use technology in a 
science class” (Jen et al., 2016, p. 51). The data collected were analysed using item response theory 
(IRT), by employing Rasch modelling. The four options for each item were designed to represent the 
four proficiency levels. Proficiency level 1 was coded 1, proficiency level 2 as 2, proficiency level 
3 as 3, and proficiency level 4 as 4.

The Rasch analysis does not require the student to answer all the items in the questionnaire and 
preservice science teachers can still be compared on a “single equal-interval scale” (Boone, 2014, p. 
8). For this study the single equal-interval scale that preservice science teachers were compared with, 
is that of their proficiency level in their knowledge of TPACK-P. In answering the questionnaire, the 
students were instructed to select an option that they most agreed with in relation to the instructional 
scenario’s that were provided to them. Their responses were not regarded as right or wrong but coded 
by proficiency levels (Masters, 1988). Preservice science teacher’s TPACK-P were estimated with 
weighted likelihood ability estimates. Weighted likelihood estimates (WLEs) were proposed by Warm 
(1989), providing “a bias correction to the maximum likelihood method by solving a weighted log-
likelihood equation” (Tao, Shi & Chang, 2012, p. 298).
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We then used the WLEs and item thresholds to produce a WrightMap. A WrightMap was 
previously known as the person-item map and is used to display “very complex rating scale data and 
test data” (Boone, 2014, p. 112). WrightMap allows the Rasch results of the study to be shared with 
researchers and for those who are unfamiliar with the concept of Rasch modelling, to be able to “digest 
the results and make sound decisions about complex data” (Boone, 2014, p. 8). The WrightMap also 
allows the researcher to evaluate how the items of the questionnaire completed by the participants 
of the study, define traits sufficiently as well as swiftly (Boone, 2014). A WrightMap has two sides. 
The left side shows the distribution of the respondents weighted likelihood ability estimates from 
the most able at the top to the least able at the bottom. The options of the items on the right side are 
distributed from the most difficult (highest threshold) at the top to the least difficult at the bottom. 
This explains that for each proficiency level 0-4 of the preservice science teachers TPACK-P, there 
will be an estimated mean.

RESULTS oF RASCH ANALySIS

Using Rasch modelling, the thresholds of the 17 questions were established using the WrightMap 
software. Figure 2 demonstrates the proficiency levels for all 17 questions. For most of the 17 
questions, items corresponding to level 3 was selected by the preservice science teachers as the best 
option to use in the instructional scenarios that were provided to them, while items corresponding to 
level 1 was chosen as the most unsuitable option to use within these instructional scenarios. Table 2 
reveals the thresholds of the proficiency levels of each of the questions. Based on the 103 preservice 

Table 1. Item clusters under the three knowledge domains of TPACK-P

KNOWLEDGE DOMAINS

Planning and Designing Practical teaching Assessment

7. Learning about subject content 
using technology.

14. Why technology-supported 
instruction is considered 

special.

1. Use of video’s/ animation in 
the classroom helps to better 
understand student learning.

8. Types of subject content suited 
to teaching with technology-

supported instruction.

15. Opinion regarding 
synchronous and 

asynchronous 
communications.

2. Simulations help to identify 
learning difficulties.

9. Factors influencing teachers 
planning and designing of 

technology-supported instruction.

16. Handling of problems 
with technology-supported 

instruction.

3. Usefulness of technology 
integration helping preservice 
science teachers with different 

learning styles and needs.

10. Instructional objectives 
appropriate for technology-

supported instruction.

17. Opinions about applying 
technology to instruction 

management.

4. Teacher understanding 
of technology-supported 

assessments.

11. Selecting appropriate technology 
tools for content presentation.

  5. Distinctive features of 
technology-supported 

assessments

12. Selection and use of teaching 
strategies to assist technology-

supported instruction.

6 Teacher’s use of technology-
supported assessments to 

evaluate preservice science 
teachers in science instruction.

13 The effects of group collaborations 
coupled with technology-

supported instruction.
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science teachers’ responses, the thresholds of the 4 proficiency levels for the 17 questions on the 
TPACK-P questionnaire were identified. By averaging the thresholds across the items, the thresholds 
of proficiency levels were located for the dimension of knowledge about TPACK-P as -3.00, -1.47, 
-0.42, and 0.50 (logit). Logit is a metric system used within the application of the IRT. Ludlow and 
Haley (1995) defined logits as the “interval level units of measurement corresponding to the total 
scores that have undergone an exponential transformation” (p. 969). They are defined as the “natural 
log of odds-ratio” (Ludlow, Hayley and Gans, 1992, p. 68).

Validity and Reliability of Assessment from Item Infit and outfit Statistics
The mean-square statistics were used to evaluate the validity of our assessment. Two fit-indices 
were reviewed: information-weighted mean-square (infit MNSQ) and unweighted mean-square 
(outfit MNSQ). The two fit-indices have different foci: while outfit is more sensitive to unexpected 
observations by persons on items that are relatively very easy or very hard for the subjects, infit is 
more sensitive to unexpected patterns of observations by items roughly targeted to them (Smith, 
Schumacker, & Busch, 1995). According to David et al. “Whereas the infit statistics deals with 
overall performance of an item, the outfit statistics are used to analyse if the responses are irregular 
and sensitive to outliers” (p.81).

These indices “represent the differences between the Rasch model’s theoretical expectation of 
the item performance and the performance actually encountered for that item in the data matrix” 
(Bond & Fox, 2015, p. 57). The MNSQ-values of the items should be close to 1. Linacre (2002) 
explained that thresholds used for these statistics are 0.5 to 1.5, with 1 being the ideal value. For all 
17 questions, the infit and outfit MNSQ were equal to 1.00, and the t-values were located in between 
−1.96 and 1.96. The results suggested that the equal discrimination assumption was sustained (Bond 
& Fox, 2015; Jen, Yeh, Hsu, Wu, & Chen, 2016). Therefore, the proposed PCM was used to interpret 
the participants’ responses on this TPACK instrument.

distribution of Preservice Science Teachers According to Proficiency Levels
The preservice science teachers’ TPACK-P was estimated by weighted likelihood estimates (WLEs). 
According to the means of thresholds for the proficiency levels in Table 2, WLE between -3.00 and 
-1.47, places them on level 1, between -1.47 and -0.42 places them on level 2, between -0.42 and 
0.50 places preservice science teachers on level 3 and from 0.50 and higher places preservice science 
teachers on the highest proficiency level of 4.

Table 3 shows the distribution of preservice science teachers on the different proficiency levels of 
TPACK-P. As demonstrated by Table 3, 82.52% of preservice science teachers have a proficiency level 
3 for their knowledge on TPACK-P. A proficiency level of 3 demonstrates the infusive application, 
where the teacher makes use of ICTs to guide learners to self-explore and independently construct their 
science knowledge. Only 9.70% of the preservice science teachers were located at level 4 where they 
are adept at using their experience-based TPACK to employ ICTs in assisting their learners in learning 
science. Considering the great number of preservice science teachers found on level 3 proficiency of 
TPACK-P, the knowledge of TPACK-P by these preservice science teachers is quite high.

dISCUSSIoN ANd CoNCLUSIoN

TPACK-P is a knowledge developed by teachers over a period of time using their experiences in long-
term planning and instruction using ICT to support their different teaching needs. With the roll-out of 
currently taking place in South Africa school classrooms, the need for teachers to effectively implement 
technology becomes a key imperative, and this underline the importance for in-service teachers to 
have high proficiency in TPACK-P. To ensure teachers are well-developed in the implementation of 
technology in the classroom, tertiary institutions need to ensure that their teacher education programs 
have a strong curriculum focus on ICT integration. As we have seen in this research study, 82.52% of 
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preservice science teachers at a South African university demonstrated a proficiency level 3 for their 
knowledge on TPACK-P. While this is an encouraging result, it is a concern that 7.78% of student 
teachers operate at demonstrate proficiency at levels 1 and 2. These two levels either demonstrate 
the preservice science teachers on a simple adoption level where teachers use ICTs to help the 
learners learn about science via more teacher-centred strategies or with less well-founded rationales, 

Figure 2. Item thresholds in Wright Map
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or teachers with a basic understanding of technology resulting from their limited experience in the 
implementation of ICTs in the classroom. We maintain that making the transition toward higher levels 
of TPACK-P should be a target for future teacher education. It is also a recommendation that due to 
the pre-service teachers at the South African university that formed the focus of this study having 
very adequate proficiency in TPACK-P that some of the curriculum support materials that have been 
developed be made available to the provincial and national departments of education for possible use 
in their in-service teacher upliftment programmes that address ICT integration.

A limitation of this study is a lack of triangulation in data collection with the TPACK-P 
questionnaire being the sole source of data. Chen and Jang (2019) reveal a similar limitation in their 
research on Taiwanese secondary in-service teachers’ TPACK in remarking that the use of self-report 

Table 2. Thresholds of the proficiency levels for the questions in TPACK-P

Item no. Level 1 Level 2 Level 3 Level 4

Q1 -2,0094 -1,1990 -0,7310 0,0129

Q2 -2,1296 -1,7165 -0,1302 0,5212

Q3 -2,0159 -1,7359 -0,3811 1,0555

Q4 -1,7901 -1,3136 -1,0207 0,4497

Q5 -11,9999 -2,6163 0,1335 0,7127

Q6 -11,9999 -2,7159 -0,5582 0,2511

Q7 -2,1567 -1,7511 -0,0337 0,4388

Q8 -1,8809 -1,4039 -0,7907 0,3078

Q9 -1,9615 -0,8943 0,1667 0,9161

Q10 -1,3642 -1,2646 -0,9282 0,4781

Q11 -1,7079 -1,3217 -0,3496 0,6763

Q12 -2,2436 -1,3907 -0,4543 1,0247

Q13 -1,7472 -1,3569 -0,1319 0,1806

Q14 -1,4858 -1,2854 -0,7222 0,5054

Q15 -1,2926 -0,9066 -0,4743 0,3838

Q16 -1,9454 -0,9742 -0,3719 0,5228

Q17 -1,3320 -1,1732 -0,4236 0,0570

Mean -3,0037 -1,4718 -0,4236 0,4997

SD 3,3985 0,5171 0,34850 0,3050

SE 0,1999 0,03042 0,0205 0,0179

Table 3. Distribution of preservice science teachers on different proficiency levels of TPACK-P

Proficiency level % Pre-service science teachers

Level 1 0.99%

Level 2 6.79%

Level 3 82.52%

Level 4 9.70%
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measures are often susceptible to social desirability bias (Fisher, 1993). It is therefore suggests that 
future investigations should also include lesson observations to establish how student teachers in their 
practice enact the indicators of TPACK-P identified in the framework. The current study was also 
confined to one university, and so it is recommended that a larger-scale study be planned involving 
other South Africa university. In this way the status on the TPACK-P proficiency of South African pre-
service science teachers may be more broadly established. Further to this, research could be planned 
to compare the TPACK-P proficiency of pre-service and in-service teachers. A study conducted in 
Taiwan using the same 17-item questionnaire found that that there were no significant differences 
between in-service and pre-service teachers’ TPACK-P (Jen, Yeh, Hsu, Wu & Chen, 2016). It would 
be of interest to established whether a similar results would be found for South Africa.
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