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Abstract

This study explored the ways pre-service teachers from Dar es salaam University College of
Education (DUCE) in Tanzania, can develop Technological Pedagogical Content Knowledge
(TPACK). 42 pre-service science and mathematics teachers and 4 instructors participated in
the study. Findings revealed a limited TPACK among pre-service teachers at DUCE.
Participation in authentic learning activities such as training, microteaching, collaborative
lesson design and peer reflections, were found to be effective in developing TPACK. Results
showed that these activities were relevant to the learning needs of the pre-service teachers
and effective in developing knowledge, skills, competencies and confidence of integrating
technology in teaching.

Introduction

The idea of integrated knowledge of teachers is not new in teacher education.
Discussions about the interplay of different components of knowledge to enhance teaching
competencies started as far back as 1980s. One of the pioneers of the integrated knowledge
for teachers was Shulman (1986) who focused on the importance of treating pedagogical
knowledge and content knowledge as basic requirements for teacher training. Since the
presentation of the idea of integrating pedagogical knowledge and content knowledge to
make pedagogical content knowledge (PCK) as a basis for teachers to deliver the required
learning outcomes, there existed a silence until the early 1990s when computers started to be
introduced in schools. Some of the early writers in educational technology such as
Marcinkiewicz (1993) and Voogt (1993), described how easily or difficult could a computer
technology be integrated in teaching. Marcinkiewicz focused his discussion on how the
attitude of teachers towards computer use in teaching is important in having technology
integrated in education.

In 2005 two publications were made on the integration of pedagogy, content and
technology. Niess (2005) tried to make a link between PCK based on Shulman (1986)’s idea,
and TK, and described how the three components can interact to form TPCK. Mishra &
Koehler (2005) also came up with the idea of TPCK as a core of good teaching with
technology being as well built on the idea of Shulman. Both Mishra & Koehler (2005) and
Niess (2005) had a common idea of developing teachers’ integrated knowledge of
technology, pedagogy and content as important attributes for effective teaching. It was
Mishra and Koehler (2009) who extended TPCK to TPACK and added the context as one of
the important components in the thinking of the integration between technology, pedagogy
and content (Koehler & Mishra, 2009). According to Mishra & Koehler (2009), the context
refers to grade level of the students, schools or a class in which technology is used. Teachers
are required to know what and how they apply technology in the unique contexts within their
classrooms. A teacher is also supposed to develop an ability to flexibly navigate the spaces
defined by the three elements; content, pedagogy, and technology and the complex
interactions among these elements in specific contexts (Koehler & Mishra, 2009).
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Technology integration programs need to focus on the development of teachers’
Technological Knowledge (TK), Pedagogical Knowledge (PK) and Content Knowledge
(CK). In addition, teachers need to know the interplay between Technology and Pedagogy -
TPK, Technology and Content - TCK and Pedagogy and Content - PCK to form TPACK.

Developing TPACK among Pre-service Teachers

Different training activities can be adopted to cultivate pre-service teachers’
knowledge in subject matter (science and mathematics), pedagogy and technology
(UNESCO, 2008b). According to Jimoyiannis (2010), if pre-service teachers are willing to
learn and develop new skills related to their instruction, it is reasonable to engage them in
solving meaningful instruction problems through authentic ICT-based learning activities with
a sound pedagogical background. Similar studies by Harris & Hofer (2009), Kilic (2010) and
Peker (2009) have reported that, when teachers engage in authentic activities such as lesson
design, microteaching and reflections, they get an opportunity to develop skills in drawing
learners’ attention, asking questions, using and managing time effectively and bringing the
lesson to a conclusion. Also by engaging in authentic activities, pre-service teachers acquire
the skills to choose appropriate technologies to support certain learning activities and
overcome difficulties encountered during the teaching process. Kilic (2010) put forth that,
teacher candidates can also improve their skills in giving feedback and measurement and
evaluation when they engage in a field related activities.

The argument by Kilic (2010) proposes an approach in which pre-service teachers
design an authentic teaching activity and teach the lesson to peers in a way similar to real
classroom teaching. The challenges that a pre-service teacher may get from peers during
microteaching can help him to reflect the challenges he may experience in a real teaching
(Peker, 2009). According to Peker (2009), pre-service teachers should engage in the
designing of a technology rich lesson, carry out a Microteaching, engage into a reflection
with the peers and redesign the lesson incorporating the ideas raised by peers during the
reflection session and conducting another microteaching to the same group (peer group) for
further critiques. The process is cyclic as shown in Figure 1.

[ Training Plan Teach Reflect Re-plan Re-teach Reflect ]

Cycle

Figure 1: TPACK Training Cycles Adopted at DUCE (adapted from Peker, 2009)

According to Peker (2009) the cycles in Figure 1 can be repeated as many times as possible
depending on the ability of pre-service teachers to demonstrate the required competencies.

Studies report that, the extent to which teachers will integrate technology in teaching
depends significantly on the way they learned with technology (Doering, Hughes &
Hoffman, 2003; LeBaron, McDonough & Robinson, 2008). Thus, this study is trying to
propose the best learning strategy for pre-service teachers that can lead to effective
integration of technology in their teaching. Authentic learning activities were adopted in this
study as methods for pre-service teachers’ learning of TPACK. Participation in these
activities was considered important in establishing the relationship between what teachers can
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learn from the college and the knowledge requirement for integrating technology in science
and mathematics teaching. Thus the study answered the following research questions:

1. What intervention program is effective for developing technology integration
competencies among pre-service teachers at DUCE?

2. To what extent is the intervention relevant to the learning need of the pre-service
teachers?

3. How do the intervention program contribute to the development of competency and
confidence of integrating technology in teaching?

Methodology

An action research design was adopted in this study, where planned intervention in
the day-to-day learning practices was adopted to develop pre-service teachers’ competency in
integrating technology pedagogy and content at DUCE (cf. Mertler, 2006). Adopting the
approach used by Lundeberg, Bergland, Klyczek & Hoffman (2003), pre-service teachers
participated in a survey and microteaching to identify their present competencies in
technology integration in teaching.

Participants

Four instructors from the department of curriculum and teaching at the Dar es salaam
University College of Education in Tanzania and 29 pre-service science and mathematics
teachers participated in the study. College instructors were involved in the study to provide
an overview of the pre-service teachers’ preparation processes. Their information was useful
in understanding the level of competency of the pre-service teachers in TPACK. The large
part of the study involved the pre-service teachers in the Bachelor of Education in Science
{B.Ed (science)}. Participants were taken as “a case” for the study because by the time of the
study, they were in the last month of their bachelors’ program. Thus, were expected to
demonstrate an exemplary technology integration competencies acquired by pre-service
teachers at DUCE.

Instrument

Data were collected by using students’ questionnaire. This questionnaire was used for
pre and post-intervention assessment of pre-service teachers’ competency in technology
integration. In addition, there was a reflection questionnaire, which was administered at the
end of the program. The student questionnaire was adopted from Schmidt et al. (2009), and
had five points Likert scale where 1 = strongly disagree, 2 = disagree, 3 = not sure, 4 = agree
and 5 = strongly agree. However items measuring the confidence level had four points Likert
scale, where 1 = not confident, 2 = somewhat confident, 3 = confident and 4 = very
confident. This questionnaire had a reliability of 0.84 Cronbach’ alpha, which was considered
sufficient for drawing conclusions out of it.

Interventions
Four intervention activities were planned for the project. First, in a group of seven,
pre-service teachers prepared a short lesson and presented to peers (microteaching). Each

microteaching session was videotaped to ease peer reflection. During microteaching, student
teachers were found to have limited TPACK, thus, a training was conducted to introduce the
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concept of TPACK to pre-service teachers before they engaged in the peer reflection. After
the training, pre-service teachers engaged in an analysis of the video of the microteaching
they conducted to identify some weaknesses in their technology integration in teaching. To
address these weaknesses, a redesign of the lessons was proposed. Groups similar to those
which participated in the microteaching re-designed lessons (Table 1).

Table 1: Groups Participated in the Desion of the Lesson

Group Subject Learning activity
Group No. [ Physics Simulations of simple pendulum. Determining the relationship
| between angle of release, length, time and number of
oscillations
Group No. [ Mathematics | Calculation of radius and diameter: Using different
2 mathematics symbols available in the computer to draw and

calculate radius and diameter given that 11 1s constant.

Group No. | Mathematics | Using charts to presents statistical data: using tabular data to

3 create a chart or graph by using excel.
Group No. | Biology Simulations DNA coding: observing the interaction between
4 ribosome RNA, transfer RNA and messenger RNA.

In reference to Table 1, each group designed a lesson according to their subject
specialization: Mathematics, Physics, Chemistry and Biology. However, there was only one
pre-service teacher studying chemistry; thus, was advised to join in the physics group. Since
more than half of the student teachers under the study were doing mathematics, two
mathematics groups were made. Throughout the lesson design process, the researcher was
playing the role of an observer, facilitator and a guider.

Instruments’ Validity

All instruments were evaluated by three experts: one from the University of Twente,
doing research on TPACK and teaching courses related to education technology and two
from the University of Dar es salaam who are also teaching ICT Courses. Through this
evaluation, questions about technological tools that are used in the pre-service teachers’
learning at the college, were modified to exclude all tools that were not available at the
college such as interactive whiteboard.

Results

By the end of the intervention, pre-service teachers were given an opportunity to
express their experience on each of the intervention activity they engage-in. A questionnaire
comprising of both open and close ended questions was administered to pre-service teachers
to assess the relevance of the training, microteaching, collaborative lesson design and peer
appraisal on the teachers’ learning needs. The reflection questionnaire also assessed the
extent to which teachers were developing knowledge, skills and competencies by engaging in
those learning activities. In additional, teachers insights and confidence on technology
integration was assessed.

Relevance

It was revealed from the study that all intervention activities were relevant to the pre-
service teachers’ teaching and learning needs (professional development).
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Table 2: Relevance of the Intervention Activities to the Pre-service Teachers Professional

Development

Intervention X M SD
Microteaching was relevant to my study programme 29 4.50 0.51
The training was relevant to my study programme 29 4.46 0.51
A collaborative lesson design was relevant to my study programme 29 4.38 0.57
Reflections with peers was relevant to my study programme 29 442 0.58

As shown in Table 2, pre-service teachers indicated that microteaching, training,
collaborative lesson design and reflection were relevant to their study programs. These
intervention activity deemed relevant to the learning needs of the pre-service teachers
because they were aiding to the pre-service teachers’ knowledge, skills, confidence and
competency of using ICT in teaching. Majority of pre-service teachers agree that
microteaching, training, collaborative lesson design and peer reflections were aiding to the
development of their knowledge about TPACK, ICT integration skills and insights. As a
results of these activities they became confident and competent to use technology in teaching.

Knowledge
As it is for relevance, pre-service teachers agreed that the intervention activities
(microteaching, training, collaborative lesson design and peer reflections) were aiding to their

understanding about TPACK.

Table 3: The Impact of the Intervention on the Pre-service Teachers’ Knowledge of TPACK

Intervention X M SD
The Microteaching helped me to attain sufficient knowledge about 29 442 0.50
TPACK

The training helped me to attain sufficient knowledge about TPACK 29 446 0.71
Peers’ appraisal helped me to attain sufficient knowledge about

TPACK 29 438 0.64
The collaborative lesson design helped me to attain sufficient

knowledge about TPACK 29 427 060

In regard to the Findings in Table 3, training, microteaching and peer appraisal, seem
to have equal impact on the development of pre-service teachers’ knowledge of TPACK.
However, the differences between interventions does not justify superiority of any of the
intervention in the development of an understanding of TPACK among pre-services teachers.

Skills

Pre-service teachers agreed that all intervention activities were effective in helping
them to attain sufficient skills of integrating technology with pedagogy and content.
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Table 4: Technology Integration Skills Development in each Intervention Activity

Intervention X M SD
I gttamed syfﬁment technology integration skills during 29 493 059
microteaching
1 attgmed sufficient technology integration skills during training 29 442 0.58
session
I attgmed sufficient technology integration skills during Lesson 29 447 060
Design
I attalped sufﬁm'ent technology integration skills during peer 29 450 051
appraisal/reflection

As reported in Table 4, pre-service teachers found the interventions activities effective
for the development of their technology integration skills. Comparatively, the difference
between one intervention and the other is negligible, leading to the assumptions that all
intervention activities were equally contributing towards the development of technology
integration skills.

Insights

As it was for relevance, skills and knowledge, pre-service teachers agreed that all
intervention activities had an impact to their insights over TPACK (Table 5).

Table 5: Intervention Activity that Enhanced Pre-service Teachers ' Insights

Intervention X M SD
[ attained sufficient insights on TPACK during microteaching 29 431 0.74
[ attained sufficient insight on TPACK during training session 29 435 0.56
I attained sufficient insight on TPACK during Lesson Design 29 427 045
I attained sufficient insight on TPACK during discussion with

29 446 0.51
Peers

Although all intervention activities had high contribution towards pre-service
teachers’ insight over TPACK (Table 1), peer appraisal seem to have slightly higher impact
compared to other activities. During the discussion with peers’ pre-service teachers had an
opportunity to challenge each others’ outcome of the design and presentation with TPACK.
Thus many were excited to learn or do more than what they just presented.

The Impact of the Intervention on TPACK Competency and confidence

Post intervention survey results showed that after the training, pre-service teachers
were able to integrate technology, pedagogy and content in their teaching (Table 6). Different
technology integration competencies were tested in the post intervention phase, where results
showed that majority of teachers agreed to have acquired the required competencies for
integrating technology with pedagogy and content.
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Table 6: Pre-service teachers’ Competency in Specific TPACK Areas

Competencies X M SD

I can teach a lesson that appropriately combine science/math, technology and

. 29 418 0.66
teaching approaches
I can use strategies that can combine content, technology and teaching
. . . 29 418 0.66
approaches that I learned during the interventions
I can select technology to use in my classroom that enhances what I teach, 29 432 057

how I teach, and what students learn
I can choose technologies that enhance the content for a lesson 29 423 043
I can provide leadership in helping others to coordinate the use of content,

. : ) 29 395 0.72
technologies and teaching approaches in my classroom

Findings (Table 6) have shown that, pre-service teachers’ competency in providing
leadership on the use of TPACK had the lowest mean and highest standard deviation. This
implies that, despite competency in integrating technology, pedagogy and content that pre-
service teachers believed to have gained from the interventions, they were still unconfident to
use their knowledge to teach others. This was evident from the analysis of pre-service
teachers’ confident to integrate technology in various learning aspects. Results indicated that
pre-service teachers’ confidence to use technology in various aspects of teaching, was
average in a 4 points scale; where, 1 = not confident, 2 = somewhat confident, 3 = confident
and 4 = very confident (Table 7).

Table 7: Pre-service Teachers’ Confidence in Technology Integration

Confidence areas X M SD
I am confident to use technology for communication and
o 29  3.17 149

networking in my course

I am confident to use technology for my own development and
learning

I am confident to use technology to facilitate teaching specific
concepts

I am confident to use technology to support various students'
learning styles

I am confident to use technology to facilitate teaching pupils with

29 355 143

29 262 098

29 297 0.82

29 3.03 0.78

disabilities
I am confident to use technology to facilitate activities that support
: S 29 290 098
higher order thinking
I am confident to use technology to support creativity 29  3.00 0.71

I am confident to use technology to foster pupils' ability to use
technology in their learning

[ am confident to use technology to access web information 9 338 062
sources ¢.g. Eric, Google etc

29 317 081

Overall the findings (Table 7), indicate that pre-service teachers report to have
confidence in some aspects of technology integration but not in other aspects. Aspects related
to students creativity, higher order thinking and learning styles scored slightly lower than
those related to teachers’ personal development. This has an indication that, pre-service
teachers are still not so confidence to bring technology in the classroom for better learning
outcomes. This also poses challenges for the next interventions to focus not only on
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development of the teachers’ competency but also the confidence to use the knowledge in
facilitating learning.

Discussion

It was established from the intervention that, the process of planning a lesson,
presenting to colleagues, getting critiques from colleagues and re-planning again in a cyclic
way was effective in enhancing pre-service teachers’ competency in TPACK. The findings of
this study agree with those of Somekh, (2008) who found that pre-service teachers’
participation in different hands-on activities was effective in enhancing technology use in
teaching. Participation in activities that reflect the actual teaching, enables pre-service
teachers to learn how to bring together their technological, pedagogical and content
knowledge which are learnt as separate disciplines at the college. As reported in Polly, Mims,
Shepherd & Inan (2009), teachers’ technological skills alone are not resulting in the effective
use of technology in teaching in ways that are likely to impact students learning. Effective
technology integration occurs when pre-service teachers participate in activities that enable
them to experience on the firsthand how technology is integrated in the actual teaching and
learning process.

It was revealed from the interventions that microteaching, training (lecture) about
TPACK, collaborative lesson design, and peer appraisal were necessary components for
developing technology integration competencies. The integration of these activities was
found relevant to the pre-service teachers’ training program, and were aiding to knowledge,
skills and insights over technology integration. In addition, pre-service teachers’ competency
and confidence of integrating technology in teaching was enhanced as a result of the
participation in these activities. Studies by Guzey & Roehrig (2009), Killic (2010) and Niess
et al (2009) also acknowledge the importance of hands on activities such as lesson design
(what to teach, how to teach and with what technology to teach), in enhancing pre-service
teachers” TPACK. The lesson design activity, subjected pre-service teachers in an inquiry
thinking process which was guided by questions such as what to design, why to design this,
what technology, with what teaching approaches etc. This gave them an opportunity to retlect
on the critical relationships between content, technology and pedagogy (cf. Guzey &
Roehrig, 2009; Ozgun-Koca et al, 2009). According to Ozgiin-Koca et al. (2010), as teachers
decide whether and how to use technology in their teaching, they need to consider the science
or mathematics content that they will teach, the technology that they will use, and the
pedagogical methods that they will employ. This was well implicated during the lesson
design process.

Teachers’ lack of confidence to use technology in teaching was considered to be one
of the reasons for low technology uptake in teaching (cf. Cox et al, 1999; Kirschner et al,
2008). However, participation in activities that reflect the real teaching and challenges that
can be experienced in the real teaching was found to enhance pre-service teachers’
confidence and motivation to use technology. Studies (Cox et al, 1999; Tondeur, Valcke &
Braak, 2008; Thomas & Knezek, 2008; Webb, 2008) confirm that, the extent to which
technology will be used in teaching depends significantly on the extent to which a teacher is
competent and confidence to use technology. However, the findings of this study show that,
majority of pre-service teachers were more confident to use technology for their own
development than for developing specific competency to students and providing TPACK
leadership. This was mainly caused by lack of skills of using different technological tools to
enhance students learning. As evidenced in this study, the more pre-service teachers had the
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opportunity to use technology the more they learned and developed confidence on ICT
integration in teaching. Thus training on specific technological skills and availability of
technological tools are other important components for effective development of TAPCK
among pre-service teachers.

Conclusion

The findings from this study show that, pre-service teachers can gain the required
competencies (knowledge, skills and abilities/attitude) as well as confidence when they
engage in authentic learning activities which reflects the real teaching and learning process as
it occurs in the classroom settings. Activities such as microteaching, lesson design and
reflection with peers reflects the actual activities that are carried out in the teaching and
learning process. However, a training was considered an important stepping stone towards an
understanding of the concepts related to technology integration and the overall idea of
TPACK. This study, therefore, propose the adoption of this approach in a more systematic
ways of developing TPACK, where pre-service teachers participate in a training workshop
about TPACK, design a lesson (collaboratively), carry out a microteaching and reflect on the
whole process from the design of the lesson to teaching. This approach seem appropriate
when developing technology integration competencies to novice pre-service teachers
particularly in the context of Tanzania and other developing countries. Experienced teachers
may have a different route towards a competent technology integrating teacher.
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