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Abstract: It has become widely accepted that in order to successfully integrate technology in education, 

teachers require a special kind of knowledge. This knowledge set has been conceptualized as an intricate 

meshing of Technological Pedagogical and Content Knowledge. In Uganda, much of the effort to integrate 

technology in schools has focused on instrumentation and basic computer skills training. Several researches 

link the low success of Uganda’s efforts to integrate technology to teachers having inadequate knowledge on 

how to use technology for pedagogy. This study therefore set out to design a program by which teacher 

training can develop the Technological Pedagogical and Content Knowledge of Primary school science 

teachers in particular so as to enhance efforts towards technology integration in education in Uganda. 

Using a scoping literature review method, this research found a viable link between the tenets of Problem-

Based Learning and the instructional needs of teachers as they develop Technological Pedagogical and 

Content Knowledge. This research also found several aspects of learner centred teacher professional 

development activities that foster Technological Pedagogical and Content Knowledge development such as 

content specificity, focus on pedagogy, teacher owned processes, collaboration, modelling, practice and 

design. As such this research used the Problem based learning model of instruction weaved with the key 

aspects of learner-centred professional development that foster development of Technological Pedagogical 

and Content Knowledge to design a content specific teacher training program for primary school teachers 

in Uganda.   
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INTRODUCTION 

Nowadays, technology is seen to have the potential 

to reinvent approaches to learning and collaboration, 

shrink long-standing equity and accessibility gaps in 

the education system and adapt learning experiences 

to meet the needs of learners. (NETP Update, 2017) 

THEORETICAL BACKGROUND 

Technology integration in education 

Williams (2003) described technology integration 

in education as the means of using any Information 

and Communications technology (ICT) tool to assist 

teaching and learning. Studies have shown that 

teacher readiness is a vital component of successful 

integration of ICTs in school. (Jimoyiannis & Komis, 

2007) For effective technology integration, teachers 

should not only be able to use ICT in order to support 

traditional instructional methods but also to innovate 

in instruction. (Jimoyiannis & Komis, 2007) 

Puentedura (2006) conceptualized technology 

integration in schools in the Substitution, 

Augmentation, Modification and Redefinition 

(SAMR) model where the goal for 21st century 

technology mediated learning is represented by R- 

Redefinition. 

 

 

Figure 1.Technology integration defined in SAMR 

(Puentedura, 2006) 

In Uganda, while efforts have been made to 

provide instrumentation (ESSAPR report, 2016-2017) 

the success rate of integration - that is the active use 

of ICTs for instructional purposes - is low. (Andema, 

et al. 2013; Markon 2013; Nyenje, 2017)  Teachers 



were found to have little confidence in the use of 

ICTs for pedagogical purposes or to think that the 

content in teacher training programs was not pertinent 

to the curriculum they teach (Andema, et al., 2013; 

Markon, 2013) 

TPACK 

Mishra & Koehler (2006) argue that TPACK is the 

basis of effective teaching with technology. A teacher 

with Technological pedagogical and Content 

knowledge understands the representation of concepts 

with technology; understands the pedagogical 

techniques that use constructive ways to teach his/her 

particular subject matter; understands how technology 

can ease the challenges students face in learning 

certain subject content; understands how students 

learn and can use technologies to develop new ways 

of learning or strengthen old methods. (Koehler & 

Mishra 2009) In other words, TPACK is not about 

possessing computer skills per se but about the 

possession of a high awareness of the affordances that 

emerging technology tools have to offer in 

transforming instruction and learning. (Tarling & 

Ng’ambi, 2016) Kihoza et al. (2016) elaborated on 

how TPACK might enhance the integration of ICTS 

based on the SAMR model and found that TPACK 

promoted Redefinition integration efforts while TPK, 

TCK and PCK supported Modification in integration. 

 

 

Figure 2.TPACK knowledge domains (Mishra & 

Koehler, 2006) 

PBL 

Problem-based learning is a student-centred, 

inquiry-based instructional model in which learners 

engage with authentic, ill-structured problem that 

requires further research (Jonassen & Hung, 2008). 

The fundamental characteristics of PBL have been 

defined as follows: first, learning occurs in small 

groups where students are presented with an open-

ended, ill-structured scenario/ problem; secondly, the 

instructor’s role transforms from that of imparting 

knowledge to that of facilitating learning; third, PBL 

places emphasis is on self-directed learning; and lastly 

students are engaged in a problem-solving process 

(Hmelo-Silver, 2004; Schmidt, Rotgans, & Yew, 

2011). 

      PBL instructional design method in Hong 

(2009) as seen below in Figure 3 was used in the 

design of the PBL program in this research paper. 

 

 

Figure 3.PBL instructional design (Hong, 2009) 

PBL and TPACK 

Through a literature review, this research found 

that many of the strategies that had been found 

effective in the development of teachers’ TPACK in 

other researches are also made provision for in the 

tenets of Problem based learning. (See Table 1) 

 

Table 1.Strategies for developing TPACK and what 

PBL offers 

 

Figures and tables 

Figure captions and table titles should be the 10-

point size and centered (“caption” in the Styles menu 

of this document). In the figure captions and table 

titles, the first letter of the first word should be 

capitalized. Figures and tables must be numbered 

separately.  

The captions of figures are placed below the 

figures; however, the table titles are to appear above 

the tables. The body text of table is “table text” in the 

Styles menu of this document). Table heads (and 

subheads if needed) are in boldface and left-justified. 

Table 1. Table type styles. 

TPACK developing 

strategies 

What PBL offers 

Activity based learning 

in the TPACK 

development program 

Blocher, et al., 2011) 

Learning by doing 

students actively engage 

in the learning process 

(Kang, 2007; Hong, 

2009) 

Teachers TPACK 

develops when TPACK 

development activities 

include collaboration 

(Papanikolau et al., 

2014) 

Collaboration in groups 

to solve problems 

(Hmelo- Silver, 2004)  



TPACK develops when 

teachers are allowed to 

critically reflect and 

question their practices 

in integrating 

technology (Angeli & 

Valanides, 2009) 

Reflection is a critical 

component of Problem 

based learning. (Hmel-

Silver, 2004) 

Involvement in 

authentic teaching and 

learning tasks involving 

technology (Tondeur et 

al., 2016; Wetzel et al., 

2014) 

PBL majors greatly on 

situating learning in 

authentic tasks (Harris, 

2016; Hong, 2009; 

Kang, 2007) 

Sufficient scaffolding 

during teacher training 

on integrating 

technology(Chai & 

Koh, 2017; Goktas et 

al., 2009) 

Instructors in PBL are 

scaffolding agents, 

acting as guides and 

gradually fading out as 

the learner gains 

confidence (Hong, 

2009) 

Learner-centred 

Professional 

development activities 

(Koh, et al., 2014) 

PBL is a learner-centred 

instructional model. 

(Hmelo- Silver, 2004; 

Kang, 2007) 

Learner centred 

assessment consisting of 

peer assessment 

(Dawson, 2007), Self-

assessment and Expert 

assessment (Angeli & 

Valanides, 2009) 

In PBL assessment 

occurs in as a threefold 

process: Facilitator 

assessment, Peer 

assessment and Self-

assessment (Elizondo-

Montemayor, 2004) 

 

This research therefore concluded that PBL has the 

potential to provide an effective model for teacher 

training programs intending to develop teachers’ 

TPACK.  

      Another aspect found to be vital for the 

development of TPACK was content specificity in the 

training process, to enhance teacher understandings of 

content representation possible with various 

technologies. (Angeli & Valanides, 2009) 

 

RESEARCH METHODS 

This research employed two methods. The first 

was a scoping review for exploratory purposes to 

identify the principles that could inform the process of 

design for a learner-centred TPACK development 

program. This review set out to determine vital 

aspects of PBL and Learner-centred teacher training 

programs that make them effective in developing 

participating teachers’ TPACK as per the literature. 

Then, expert consultations and formative evaluation 

processes were also used during the instructional 

design process.  

RESEARCH RESULT 

By incorporating the findings of the literature 

review, that is the aspects of effective learner-centred 

teacher training programs that successfully enhance 

TPACK development, this research paper designed a 

content specific teacher training program based on 

PBL to develop the TPACK competencies of Primary 

School teachers of Uganda. 

Table 2.Outline of Teacher training program  

Title of 

Problem 

Making a broth for Akoth and 

Obbo 

Target Primary school science teachers in 

Urban Uganda 

Duration of 

program 

15 contract hours 3 weeks 

Program 

description 

The problem is designed around the 

life of Akoth a seven year old girl 

suffering from some side effects of 

malnutrition. The task is to identify 

the factors that lead to her condition 

and design a balanced diet brochure 

to help Akoth’s guardian better attend 

to Akoth’s dietary needs. 

  Pre-program TPACK level 

determination 

Learning 

cycles of 

program 

PBL learning 

process 

-Activate prior 

knowledge 

-Determine 

learning 

objectives 

-Engage in self-

directed learning 

and collaborate 

on a brochure 

-Present result 

and evaluate 

Reflection 

journals 

PBL design 

process 

-Choose a topic 

-Determine 

learning goals 

-Determine 

technology to 

use 

-Design a 

technology 

enhanced PBL 

classroom 

experience  

-Present program 

-Assessment 

- Reflection 

journals 



Evaluation Overall 

assessment 

Post program: 

TPACK 

evaluation 

 

CONCLUSION 

In conclusion, this paper acknowledges that there 

are other factors that contribute to the successful 

integration of technologies in education other that the 

TPACK competencies of teachers.  

     One limitation of this study is that the program 

was not implemented. Hopefully this research paper 

will spur Ugandan Scholars to seek out more 

pragmatic and learner centred strategies to enhance 

teacher capacities in teaching with technologies. 
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