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Abstract. The current study explores tutors’ perceptions of using information and
communication technologies (ICTs) to develop computational thinking (CT) skills
among pre-service teachers. The semi-structured interviews were conducted with
purposively selected 4 principals and 20 tutors, and focus group discussions were
held with 32 purposely selected pre-service teachers from 4 colleges, making a total
of 56 participants. The findings revealed that tutors dominantly perceive CT as a
digital literacy skill while ignoring the cognitive processes that underlie CT skills
such as abstraction, algorithmic thinking, decomposition, and pattern recognition.
Further, the findings show that tutors had limited understanding of identifying
appropriate methods for developing CT, such as block-based programming tools.
The study recommends that policymakers explicitly include CT and its aspects in the
teacher education curriculum and conduct pilot testing of professional development
training to foster CT skills using ICT among tutors.
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1. Introduction

Computational thinking (CT) skills have recently become a catch phrase in today’s
21st-century skills [3, 28, 50]. CT skills were initially introduced by Papert [41] who
viewed them as procedural thinking and programming related to computer science.
Nevertheless, a substantial body of literature highlights the crucial necessity for
CT skills, extending beyond the realm of computer science to encompass various
aspects of daily life, including disciplines like science, engineering, technology, and
mathematics (STEM) [7, 12]. With the growing need for CT skills in everyday life, Wing
[61] argued that CT is one of the fundamental problem-solving skills every individual
needs to learn. Additionally, CT is an essential skill for enhancing students’ ability to
think logically while making decisions, developing a sense of creativity, innovation and
preparing students for future careers such as STEM, especially when technology is
integrated in teaching practice [6, 64]. Therefore, fostering CT skills in the education
context from pre-primary to higher levels has become essential [47, 64].

Given the essential role of CT in education, various scholars have been prompted to
introduce a CT framework in education [19, 55, 61]. For example, Wing [61] introduced
a computational thinking framework with four components: abstraction, decomposi-
tion, pattern recognition and algorithmic thinking. Similarly, the International Society
for Technology in Education [19] identified a CT framework with four components:
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decomposition, gathering and analysing data, abstraction and algorithm design. In
contrast, Tsai et al. [55] established a five-component framework, incorporating de-
composition, abstraction, algorithmic thinking, evaluation, and generalisation. These
frameworks reveal similarities and variations in how scholars conceptualise CT skills
in educational contexts.

However, of all these frameworks, Wing’s [61] framework has garnered support
from the vast majority of researchers [29, 63, 65], establishing it as a cornerstone in
defining CT skills. Wing [61] delineates the four core components of CT (decomposition,
abstraction, pattern recognition and algorithmic thinking), which contribute to the
general understanding of how learners engage in problem-solving tasks. Decom-
position is the ability to break a problem into smaller and more manageable parts
[63]. Consequently, Wing [62] perceives abstraction as the ability to identify what
information to keep or ignore. Further, pattern recognition involves searching and
identifying similar patterns to make classification [61]. Finally, algorithmic thinking
includes an individual’s ability to figure out the solution to a problem step by step [55].
With the evolution of research, Wing’s framework has become an indispensable guide.

With this attention, many countries have introduced CT into compulsory education
as part of general curriculum reform efforts [32, 64]. Countries such as Greece, the
Netherlands, and the United States of America have made initiatives to integrate
computational thinking skills in elementary and secondary curriculum [13, 24, 65]. A
study conducted by Hsu, Chang and Hung [18] and Voogt et al. [60] highlights that
teachers can bring CT skills into the classroom in several ways, including but not
limited to subject-specific areas, project-based learning, game-based learning and
information and communication technology (ICT). Subsequently, Budiyanto et al. [7]
suggests ICT to be the most proficient and effective way. Many developed countries
support using ICT-mediated activities such as cloud-based technologies and computer
simulations to foster CT skills. For instance, to enhance STEM education, Greece and
Ukraine have initiated training teachers to use developmentally mobile applications to
foster CT skills in their teaching practice, particularly in preschool classrooms [24].
However, this effort suggests that most pre-service programs in developed countries
often lack an emphasis on CT skills. In addition, Western studies indicate that most
teachers lack confidence in using ICTs due to limited skills in selecting and applying
suitable technologies to support CT skills [24, 32].

Further, CT skills are increasingly recognised in developing countries, though their
integration into education systems remains limited [15, 25]. For instance, Namibia
promotes coding skills in early education to foster problem-solving and creativity
[15], but CT is often underrated in teacher training colleges. In South Africa, CT is
incorporated at the primary level through subjects like natural sciences and technology,
involving practical projects, and as a standalone ICT course at the lower-secondary
level [15, 25]. However, tutors require further training to effectively integrate CT into
pre-service teacher education [21], and CT skills are often confined to specific subjects
rather than embedded across curricula, limiting students’ foundational knowledge
[20]. This indicates that, despite little promotion of CT skills in most countries, the
skills do not cut across the curriculum; instead, they are based on specific fields.

Apart from not being evident in the curriculum, studies conducted by Moon, Cheon
and Kwon [36] and Saidin et al. [42] show that teachers in developing countries face
different challenges, ranging from conceptual understanding of CT skills and limited
confidence in using ICT for enhancing CT skills. For instance, studies conducted
by International Society for Technology in Education [19], Mills et al. [34], Nordby,
Bjerke and Mifsud [40], Wing [61] indicate variation among scholars in conceptualising
CT skills. While Wing [61] views CT as the thought process involved in formulating
a problem and coming up with a solution, International Society for Technology in
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Education [19] views CT as a skill to engage and thrive in a digital world. This
highlights the significance of tutors’ common understanding of CT skills in teacher
education colleges for effective CT integration. Further, Turchi, Fogli and Malizia [56]
reports that teachers have limited confidence in incorporating CT skills due to low
ICT pedagogical knowledge. Consequently, Juskeviciene and Dagiene [22] emphasises
the need for ICT pedagogical knowledge to successfully enable tutors to facilitate CT
skills among the pre-service teachers. For this reason, the current study aims to
study tutors’ understanding of CT skills and the ways they develop CT skills among
pre-service teachers through ICTs.

Similarly, the role of ICT for teaching and learning in Tanzania is evident in different
government documents and research [23, 35, 49, 58]. While several studies in
Tanzania [27, 30, 37] have explored the general application of ICT in Tanzanian pre-
service teachers’ colleges, there remains a gap in understanding how ICT can be
harnessed to develop CT skills. Again, it is unlikely to find the direct role of ICT in
developing computational thinking skills in the Tanzanian curriculum; one may find
its associated elements, including digital literacy, critical thinking skills, reading skills,
problem solving and creativity [31, 35, 58]. For example, the Tanzania Development
Vision 2025 acknowledges the value of 21st-century skills and the necessity for
Tanzanians to receive a high-quality, internationally competitive education while
utilising technology in teaching and learning [53]. Similarly, the National curriculum
framework for basic and teacher education acknowledges the role of ICT in developing
problem-solving skills, creativity, and digital literacy [35]. This indicates that the
teacher education curriculum does not explicitly show CT skills. This suggests the
need to explore tutors’ understanding of CT skills and how they use technological
opportunities to enhance CT skills among the pre-service teachers.

Following the importance vested in the role of ICT in students’ learning, the govern-
ment has taken different initiatives including the development of ICT policy for basic
education [57] and the adoption of ICT-UNESCO contextualised framework for teacher
educators [51], and development of national digital strategy [54]; Mwalongo [38] and
Tandika and Ndijuye [49] suggest that introduction of ICT policy and framework paved
a way for teachers’ integration of ICT in education. However, Ndibalema [39] reports
that its implementation faced many challenges, including teachers’ limited knowledge
on the use of ICT, shortage of ICT facilities, presence of nonfunctional laboratories, and
limited internet access. Following such challenges, the government, in partnership
with different developmental stakeholders, introduced a compulsory course (ICT) in
teacher colleges to equip pre-service teachers with ICT knowledge [5, 23].

Apart from that, Tanzania has witnessed several projects and initiatives related
to the use of ICT in teacher education programs. For instance, in 2005, the then
Ministry of Education and Vocational Training (MoEVT), in cooperation with the
Swedish International Development Agency (SIDA), emphasised the campaign on
the development of ICT in teacher education through the provision of training and
computers to teacher colleges [9]. Another initiative for improving ICT use in teacher
colleges includes the Teacher Education Support Project (TESP), which is supported by
the government of Canada through Global Affairs Canada (GAC) [52]. The project has
provided a wide range of ICT training and facilities, including 1120 desktop computers,
186 projectors and 35 duplicating machines to 35 government teacher colleges [48].

Moreover, none of the initiatives have shown how ICTs foster pre-service teachers’
CT skills. For instance, although the national digital learning strategy stresses having
an ICT-integrated curriculum in Teacher education colleges to promote improved
learning outcomes through a digitally enabled education system, the learning out-
comes are not clearly stipulated [54]. For this reason, it is not well known how tutors
in teacher colleges integrate ICT to facilitate CT skills. For, instance in Tanzania,
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Saimon, Lavicza and Dana-Picard [43] conducted a study to explore the promotion
of 4Cs (critical thinking, collaboration, communication and creativity), however the
findings indicated that the two aspects (critical thinking and creativity) which are also
components of CT were limited and not enhanced due to teachers’ reluctance to adopt
new technology in teaching. Similarly, the study conducted by Mashaza [33] reports
tutors’ ineffectiveness to promote CT and critical thinking skills (problem solving and
analytical skills), particularly in Tanzania colleges, which has resulted from a lack
of required skills on how to use modern technology. Given that CT is less promoted
through ICTs, the current paper sought to contribute to the existing literature. First,
by including and mentioning CT and its aspects in the curriculum; secondly, creating
a common understanding of CT skills, third, ensuring affordable technologies are
used to promote CT skills from the elementary level to higher learning education,
particularly in pre-service teacher colleges and fourthly, creating awareness in the
integration ICTs in promoting CT skills into teacher education as a preparation unit.
With these reasons, the current study is guided by two main research questions.

1.1. Research questions
The following main research questions guide this study:

1. What is tutors’ understanding of the concept of computational thinking skills?
2. How do tutors use ICTs to develop pre-service teachers’ computational thinking
skills?

1.2. Theoretical context

The present study was guided by social cognitive theory by Albert Bandura [4].
The theory postulates that human functioning depends on three interacting sets
of factors: personal, environmental and behavioural factors [4]. The theory posits
that self-efficacy beliefs are an important set of proximal determinants of human
motivation towards a behavioural action [4]. Therefore, the theory elaborates on the
way personal, behavioural, and environmental factors interact with one another in
order to form a tendency to perform particular actions. Personal factors include
individuals’ knowledge, attitudes and expectations towards a particular situation [44].
Again, while environmental factors are urged to include social norms and influence
from others, the behavioural factors include skills, practice and self-efficacy towards a
particular action [4, 44]. In the context of this study, personal factors reflect tutors’
understanding and attitudes towards both the meaning of computational thinking
skills and their attitudes towards using ICT in developing CT skills.

On the other hand, behavioural factors reflect tutors’ use of ICT to develop CT skills.
Environmental factors are assumed to include the availability of ICT resources and
institutional support in teacher training colleges. Therefore, tutors’ perceptions of the
use of ICT in developing CT skills are shaped by their understanding of CT (personal
factors), their tendency to use ICT tools (behavioural factors), and the availability of
ICT resources and appropriate institutional ICT support (environmental factors).

2. Methodological procedures

2.1. Research approach and design

The current study employed qualitative research inquiry to collect detailed insights
on tutors’ perceptions of CT skills and explore how they use ICTs to develop CT
skills. In addition, an interpretive phenomenological research design was adopted as it
focused on the theoretical perspective of understanding the meaning of a phenomenon
based on participants’ lived experiences [11]. Therefore, the design suits the current
study because it focuses on exploring participants’ lived experience of how they both
understand CT and the use of ICT to foster CT skills.
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2.2, Study area, sample and sampling methods

The study was conducted in four regions in Tanzania mainland (Morogoro, Mwanza,
Dodoma and Iringa) at four teacher colleges (TC;, TC2, TC3 and TC,). A total of
56 participants were purposively sampled: 4 college principals, 20 tutors and 32
pre-service teachers. Colleges were selected because they had at least five years of
experience using ICT in teaching, many ICT facilities and higher enrollment rates
[1, 37]. It was predicted that colleges with these features, specifically the higher
enrollment, had a wide pool of tutors, allowing the researcher to both thoroughly
generalise participants’ understanding of CT skills and explore in detail how tutors
used ICT to foster CT skills in their teaching and learning practices. Principals were
chosen due to their pedagogical leadership roles, tutors for their position as heads
of departments (ICT, Education, Natural sciences, Social Sciences and Languages),
and pre-service teachers due to their performance and gender from first and second
year diploma courses. Since the study was qualitative in nature, sample size was
determined by data saturation [11].

2.3. Data collection methods and analysis plan

Data were collected through semi-structured interviews with principals and tutors,
and FGDs with the pre-service teachers to ensure triangulation and credibility [11].
The data collection involved recording and documenting the participants’ responses
using digital recorders and notebooks. An average of one hour was used to conduct
the interview and FGD sessions.

The qualitative analysis was guided by three stages of thematic analysis suggested
by Green et al. [16], including: immersion, creation of categories and theme generation.
First, the process began by listening and re-listening to the recorded audios, and
ensuring that words were directly transcribed to avoid potential bias during inter-
pretation. The transcribed text was then translated from the Kiswahili language into
English. After translating the transcripts, the translation expert verified and edited the
text to ensure the original meaning was not distorted. The coding process followed the
second step. The coding process involved reading and re-reading the data in the text
to make sense of the data. Thereafter, the coding of raw data was done line-by-line,
phrase-by-phrase and sentence-by-sentence to reduce the bulkiness of the data. The
codes were extracted from the transcripts and exported to an Excel spreadsheet for the
creation of categories [11]. A pivotal table was used to develop and merge the recurring
codes to form categories analysed in frequencies and percentages. The third step was
theme generation, which involved naming the themes and reviewing the categories
to ensure they were well linked to the research objectives. After a clear definition of
themes, the process was followed by report writing.

2.4. Ethical matters

The ethical clearance was secured from the University of Dodoma on behalf of the
Tanzania Commission for Science and Technology (COSTECH) and a research permit
from the Ministry of Education, Science, and Technology (MOEST) to visit the 4 teacher
training colleges. Ethical issues were employed to protect participants from risks that
could harm them [10]. The researcher considered ethical issues like informed consent,
confidentiality, safety and anonymity. During the data collection, participants were
given an informed consent form to endorse their voluntary participation in the study.
To ensure confidentiality, participants’ anonymity was protected by pseudonyms
and by assuring them that their names would not be identified. To ensure safety,
participants were assured that there would be no physical or emotional harm. However,
the participants’ privacy was ensured by creating a conducive environment where
participants felt free to express themselves.
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2.5. Trustworthiness of the study

To ensure trustworthiness in this study, the researcher implemented several rigorous
methods. First, an expert review was conducted by submitting research instruments
to an ICT expert for evaluation. Triangulation was achieved by employing multiple
data collection techniques, including interviews and focus group discussions, involving
diverse informants such as tutors, principals, and pre-service teachers. To enhance
reliability, three independent coders were used to establish inter-rater reliability and
coding consistency [11]. The researchers also ensured that the data enumerator was
thoroughly trained. Participants’ responses about tutors’ conceptions of computational
thinking skills and their use of ICT to promote these skills were accurately captured
by carefully reviewing recorded audio and maintaining detailed notebooks. Finally,
bracketing was employed through an audit trail to minimise personal bias, with clear
documentation of the entire research process.

3. Results

This section presents the findings from tutors, principals and pre-service teachers
regarding tutors’ understanding of computational thinking skills. These findings were
obtained from the participants through interviews and focus group discussions. Figure
1 summarises tutors’ conceptions of computational thinking skills in teaching and
learning.
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Figure 1: Tutors’ conceptions of computational thinking skills in teaching and learning.

3.1. Digital literacy skills
Most participants’ responses (tutors 66.6%, principals 83.3% and the pre-service
teachers 68.9%) regarding their conceptualisation of CT skills highly relied on Digital
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literacy skills. Digital literacy skills were associated with using ICTs to search for in-
formation to gain a deeper understanding, incorporating ICT in teaching and learning,
and using ICT to prepare teaching and learning materials. For example, one tutor
from the natural science department reported:

According to my understanding, CT is the skill to use modern technology,
such as a computer, in both academic and non-academic matters. In
academic matters, a teacher may use ICT, such as a digital projector,
computer, and tablet. You know ICT is very vital, we use it to prepare
teaching and learning materials and sometimes students use it to learn by
themselves even when they are at home. (Interview with tutor from TC,, in
2024)

In addition, one pre-service teacher commented:

In my opinion, computational thinking skills are having the ability to think
in a modern way. This is where a teacher or students have the ability to solve
problems and simplify daily tasks by using ICT. (Focus group discussion
with pre-service teacher from TC;, in 2024)

The participants’ expressions highlight some variations in the way participants
perceive digital literacy skills. Tutors view digital literacy skills as individuals’ ability
to integrate ICTs in teaching, prepare materials and support personalised learning.
Tutors pointed to ICT tools such as digital projectors, computers, smartphones and
tablets. In contrast, the pre-service teachers view digital literacy skills as using ICTs
to solve problems and simplify tasks. Although the findings suggest a potential gap
in how participants conceptualise CT, the pre-service teachers had a relatively better
understanding because they linked CT skills with the ability to engage in problem
solving with ICT.

3.2. Programming skills

The participants (tutors 18% and the pre-service teachers 10.3%) less associated
CT skills with programming skills. Tutors view programming skills as the ability of
individuals or educational experts to come up with new educational software, such
as Al and PhET. The pre-service teachers view programming skills as the capacity of
both tutors and students to design subject apps and simulated educational materials,
as well as to understand programming languages. However, there were no comments
from college principals on programming skills. For example, one tutor commented:

It is the skills utilised by ICT professionals in developing programs. A person
with computational thinking skills can design creative educational software,
such as Al and PhET. This software may be used in the instructional
teaching process. I think a good designer is the one who knows how to
follow one step after another. (Interview with tutors from TC;, in 2024)

In the same line, another pre-service teacher explained:

You know, for us who are studying computer science, we have a program-
ming language. So, I think computational thinking may involve the ability
to design new programs. For example, last year we designed a student
election program. In order to achieve this goal, we had to plan to use code
to assign the computer to perform such a task. (Focus group discussion
with pre-service teacher from TC,, in 2024)
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The participants’ responses show that the participants had limited understanding
of conceptualising CT skills, with tutors and the pre-service teachers holding similar
views. Tutors view programming skills as the ability of educational experts to create
advanced ICT tools such as Al and PhET simulations for instructional purposes. In
contrast, the pre-service teachers’ perception of CT skills was more inclusive because
it focused on the practical application of ICTs. The practical application of ICT
could involve planning, coding and task execution. Therefore, the two preceding
quotes represented teachers and pre-service teachers from the ICT field, suggesting a
likelihood of more understanding of CT from the ICT (computer science) fields. However,
the lack of responses from principals suggests doubts regarding effective supervision
of curriculum implementation, particularly integrating CT skills in Tanzania’s teacher
education curriculum.

Surprisingly, the findings revealed the presence of 'not aware’ responses among
the participants. This suggests a limited understanding of CT skills in teaching and
learning practices. To affirm this, one tutor reports: “... I could try but I really don’t
know...” (Interview with tutors in TCs, in 2024). In addition, one pre-service teacher
asserted: “To be honest, I am not aware of it, it is my first time I am hearing this”
(Focus group discussion with pre-service teachers, in 2024). The findings suggest a
notable lack of awareness among the participants in understanding computational
thinking and its aspects in teaching and learning practices. Tutors’ responses indicate
a significant gap in knowledge and skills for applying CT skills in their instructional
practices. Further, the pre-service teachers’ expressions show that CT skills are less
integrated in teacher-training programs, highlighting a gap in training.

3.3. Methods tutors use to apply ICTs to develop computational thinking skills
The participants identified several methods that were being used to develop CT
skills through the use of ICTs. The ICT-based methods the participants pointed
out included using ICT-enhanced research skills, digital presentation, ICT-enhanced
summarisation, design thinking approach and ICT-based assessment (figure 2).
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Figure 2: Methods tutors use to apply ICTs to develop computational thinking skills.
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3.3.1. ICT-enhanced research skills

ICT-enhanced research skills were highly preferred by the participants (tutors
35.4%, principals 47% and the pre-service teachers 43%) as a prominent method to
foster CT skills. The participants reported that ICT-enhanced research skills include
teachers’ ability to engage the learners in searching activities, using digital scenarios
in teaching and learning activities to develop questioning skills. To foster searching
skills, tutors reported that they guide the pre-service teachers in searching different
materials through different search engines such as Google Scholar on the internet.
This way, the pre-service teachers may learn to identify reliable and credible materials.
Similarly, college principals emphasised that when pre-service teachers are given
different search activities, they can develop searching, analytical, and note-taking
skills. To affirm this statement, one principal reported:

Often, teachers instruct their students on how to search scholarly materials
through Google Scholar and other search engine tools. I think this is
a good way to develop computational thinking skills because students
can develop search skills, analytical skills, and note-taking skills. We
normally insist that our students avoid taking materials from every source,
such as Wikipedia. In other circumstances, teachers in our college can
use YouTube videos to introduce students to different scenarios to help
students understand some concepts during the teaching and learning
process. (Interview with principals from TC;, in 2024)

In the same argument, one tutor commented:

Personally, when I give my students tasks to search on the internet, I
always guide them in presenting their findings. So, I ensure they present a
summary of what they were instructed to search. I may guide them to use a
PowerPoint presentation or just present in traditional format. Therefore, my
task is to assess if they can make a presentation in chronological order. I
can pose some questions and prompt them to formulate their own questions.
(Interview with tutor from TC,, in 2024)

Consequently, one pre-service teacher added:

In my view, when teachers assign us a task to Google on the internet and
prepare summaries for classroom presentations, we are using CT skills.
(Interview with pre-service teacher from TCj3, in 2024)

The participants’ representative quotes highlight that the use of ICT-enhanced
research skills, particularly those on fostering searching skills, appears to develop a
wide range of skills such as analytical, summarisation, logical thinking and evaluative
skills. These skills are essential in cultivating abstraction, algorithmic thinking,
decomposition and pattern recognition. The expressions suggest that tutors use
Google search engines to search for materials from different online sources. Also,
tutors reported the use of digital scenarios through downloading videos from YouTube
to clarify various concepts and foster explorative skills among the pre-service. Despite
having higher mentions among all the participants’ categories, the use of ICT-enhanced
research skills was less commonly referred to by the tutors, suggesting its limited use
in teaching and learning practices.


https://doi.org/10.55056/cte.902

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

3.3.2. ICT-supported summarization

Tutors (21%), principals (32%) and the pre-service teachers (21%) highlighted the
use of ICT-supported summarisation method as one among the ways to foster CT skills
in pre-service teacher colleges. Tutors view ICT-supported summarisation as involving
the pre-service teachers in preparing the slides, using a computer and particularly
Microsoft Word software to highlight, edit, cut and paste information, and drawing
conclusions from the subject matter presented. While summarising, students may use
ICT tools such as smartphones, tablets and computers. For instance, one principal,
when interviewed, reported:

The majority of tutors here are using projectors in teaching and learning
activities, although there are not enough projectors. They also use the same
projectors to teach students how to prepare slides by assigning them tasks.
I once saw a teacher assigning students to search for materials online and
asking students to prepare slides for presentation. (Interview with principals
from TC;, in 2024)

Similarly, one tutor had the following to narrate:

You know the computer lab is open for all students. Thus, we may take the
pre-service teachers there and teach them to highlight a part of information;
we can teach them to cut, edit and organise a particular piece of information
to create their own summaries. (Interview with tutor from TCs, in 2024)

Additionally, one pre-service teacher remarked:

A teacher may ask us to draw a flow chart before designing a certain client
app. (Focus group with pre-service teacher from TC,, in 2024)

The findings revealed similarities and variations in how participants understand
using the ICT-supported summarisation method. While the principals view it as the
preparation of slides for presentation, the tutors perceive the ICT-supported summari-
sation as students’ interaction with the digital texts to sort out the more important
information and remove the unnecessary patterns. However, both attributes rely on
filtering unnecessary information from the bulk of materials. Contrary to principals
and tutors, the pre-service teachers view ICT-supported summarisation as represent-
ing ideas in a pictorial or diagrammatic form, indicating a limited understanding of
methods for applying ICT to enhance CT skills.

3.3.3. ICT-based assessment methods

The participants (tutors 9% and the pre-service teachers 2.7%) preferred using
ICT-based assessment to foster CT skills in teacher training programs. Participants
attributed ICT-based assessment with learning management systems (LMS) to assign
students questions to perform and share a Google link online for students to respond
on Google Forms. Tutors reported that they preferred to upload assignments and
tasks so that students could navigate through the platform via their smartphones,
tablets, and computers to attempt the assignment. Further, a limited number of tutors
highlighted using Google Forms to evaluate their students’ learning. Additionally,
pre-service teachers view ICT-based assessment as using WhatsApp groups to share
assignments and tasks. However, the findings revealed no mention from principals, in-
dicating a limited understanding of ICT-based assessment methods that may promote
CT skills. For example, one tutor argued:

10
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You cannot conduct direct assessment using ICTs, but we used to ask
questions verbally most of the time. Once the LMS was functioning, I
assigned tasks to my students. They could just navigate through the
systems and find the attached assignments. Concerning the use of Google
Forms, I remember in one training, we were taught to assess digital content
via that method. (Interview with tutor from TC3, in 2024)

In the same line, the pre-service teachers reported:

I am not sure if our teachers use ICT in the classroom to evaluate the
learning process. I think they normally use either question and answer
model to make evaluation. For example, the practice here is that, teachers
can only share questions in either word or PDF format via WhatsApp groups.
(Focus group discussion with pre-service teachers from TCj;, in 2024)

The participants’ quotes indicate that tutors are less likely to apply ICT-based
assessment methods to assess the learning process. The limited application of
these methods to foster CT skills appears to be linked to the functionality of the
LMS that was formally implemented in teacher education colleges. The reliance on
verbal question and answer methods indicates a dominance of traditional teaching
approaches, suggesting a non-digital approach to assessment. However, confinement
of participants’ responses to LMS and Google Forms highlights a potential gap in
awareness of a broader range of ICT tools that could enhance CT skills among the
pre-service teachers.

4. Discussion of the findings

This study aimed to explore tutors’ conceptualisation of computational thinking
skills and the methods for using ICTs to develop CT skills. CT skills are vital for
problem-solving and critical thinking skills, especially in this digital era [17]. The
findings have revealed that tutors dominantly conceive CT skills with digital literacy
skills, indicating a narrow conceptualisation of CT. These perspectives align with
studies conducted by the International Society for Technology in Education [19]
and Kalogiannakis and Papadakis [24], which emphasise the critical role of digital
literacy skills in developing CT skills. However, the findings do not fully encompass
the cognitive processes involved in CT, such as abstraction, decomposition, pattern
recognition and algorithmic thinking [61]. Bandura [4] emphasises the significant role
of cognitive processes in driving human motivation towards a particular behavioural
action. While focusing on environmental factors such as the availability of ICT
facilities, personal factors such as the understanding of CT components are important
in developing CT skills. In Tanzania, although the government documents acknowledge
promoting problem solving and creativity, essential for CT, it is unlikely to explicitly
find CT skills in policy documents [35, 59]. This suggests limited understanding
among tutors of a distinctive cognitive framework that extends beyond using digital
tools. Therefore, the findings suggest limited tutors’ understanding of conceptualising
CT skills. Dong et al. [14] supports this observation, noting that tutors’ limited
understanding of CT is one of the primary hurdles, compounded by difficulties in
implementing CT skills in teacher education programs. Consequently, this impacts
the pre-service teachers, leaving them unprepared, particularly in acquiring essential
problem-solving skills, logical thinking and analytical skills [2].

Further, the findings found that some participants linked CT and problem-solving
skills. Tutors associated problem-solving skills with engaging pre-service teachers
to create innovative products through using design-based tools and analysing data
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patterns with a spreadsheet. The findings align with Wing [63], who support learners’
engagement in problem solving with ICT. Although the findings do not explicitly
indicate how the use of design-based tools to create new products is articulated in
CT components, Butler and Leahy [8] highlights that CT encompasses a systematic
problem-solving process. From this perspective, the findings suggest that along the
problem-solving process, abstraction (focusing on important information and reducing
the unnecessary), decomposition (breaking information into smaller parts), pattern
recognition (identifying similar patterns) and algorithmic thinking (solving problems
step-by-step) may be enhanced during the solving process. However, the findings also
indicate a gap among tutors on integrating the cognitive process underlying CT skills
into their instructional practice, indicating a significant gap in pre-service teachers’
preparation.

The findings found several methods for using ICT to promote CT skills, ranging
from ICT-enhanced research skills, ICT-supported summarisation, to ICT-based
assessment. The findings revealed that ICT-enhanced research skills involve using
Google search engines such as Google Scholar to identify and analyse information and
using digital scenarios such as YouTube videos to clarify the lesson. This influences
the enhancement of abstraction and pattern recognition skills. This is supported
by Bakala et al. [3] and Butler and Leahy [8], who argued that abstraction involves
identifying what information to keep and ignore. At the same time, algorithmic
thinking is the step-by-step process of finding a solution. From this perspective, the
searching process may promote some CT skills. Further, while the ICT-enhanced
summarisation includes the preparation of slides, highlighting, editing and organising
information, the ICT-based assessment involves using Google Forms to evaluate the
learning process.

Additionally, these methods will likely foster CT skills such as abstraction, decompo-
sition and pattern recognition. Further, the findings align with the studies conducted
by Angeli et al. [2], Kusaka [26] and Solanki [46], which suggested the use of Google
search engines, slide preparation and Google Forms are essential for enhancing digital
literacy skills. However, these technologies do not directly foster CT skills. In con-
trast, Kalogiannakis and Papadakis [24] and Butler and Leahy [8] suggested using
block-based programming as an effective way to develop CT skills. For example, Butler
and Leahy [8] put forward that block-based programming such as Scratch, Scratchdr,
and Lego WeDo fosters CT skills. Shute, Sun and Asbell-Clarke [45] added that with
these modules in the digital learning specialism, students get the opportunity to work
collaboratively, engage in the lesson and engage in hands-on learning experiences.
However, limited use of block-programming methods in teacher training programs
suggests less enhancement of CT skills in pre-service teachers, indicating a gap in
awareness of methods appropriate for developing CT skills.

The findings revealed that a limited number of tutors use ICT-based assessment
methods. Even though the tutors reported using Google Forms to foster evaluation
skills, Wing [61] has not explicitly shown the evaluation aspect in his framework. This
suggests the need to explicitly indicate the evaluation aspect, despite being conducted
iteratively across the four main aspects of Wing’s framework.

5. Conclusions

Based on the findings, the participants varied in how they understood CT skills,
thus indicating a limited understanding. Tutors mainly conceive CT as a digital
literacy skill while ignoring the cognitive process of promoting CT skills such as
abstraction, decomposition, pattern recognition, and algorithmic thinking. Further,
the findings indicated that CT and their aspects are not explicitly mentioned in
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the teacher education curriculum. The findings revealed limited tutors’ awareness
of effective methods for integrating ICTs to develop CT skills, including minimal
knowledge of block-based programming tools like Scratch. While tutors employed
digital techniques to assess learning, Wing’s framework does not explicitly include an
evaluation component, suggesting the need for its inclusion.

6. Limitation

The study sample size is not sufficient to generalise the study findings. However,
the sample size allows the transferability of the findings in contexts similar to the
current study. The findings may not apply to colleges with insufficient ICT resources
or varying enrollment rates. Therefore, future studies may use a broader survey to
allow for the generalizability of tutors’ conceptions of using ICT to develop CT skills
across all Tanzanian teacher education contexts.

7. Recommendations

The study recommends the inclusion of CT skills in the teacher education curriculum
through a framework that aligns ICT tools with CT. Besides, tutors should receive a
structured professional development program to foster a common understanding of
CT and teach them block-based programming models. The government should also
try to train tutors to leverage the opportunities of ICT to develop CT by adapting to
the local context and using affordable ICTs. Further, the study should ensure piloting
ICT-based CT training programs. The findings recommend explicitly including the
evaluation aspect within Wing’s framework to ensure assessment of learning.

Acknowledgments: Vicky Mrosso: I sincerely appreciate the University of Dodoma’s funding of this
study. We also express our deepest gratitude to all tutors who generously participated in this research
study. Their willingness, time and insightful contributions were invaluable to the success of this research
work.

References

[1] Andersson, B., Nfuka, E.N., Sumra, S., Uiomonen, P. and Pain, A., 2014.
Evaluation of Implementation of ICT in Teachers’ Colleges Project in Tanza-
nia. (Sida Decentralised Evaluation Final Report 2014:26). Available from:
https://tinyurl.com/3868h73y.

[2] Angeli, C., Voogt, J., Fluck, A., Webb, M., Cox, M., Malyn-Smith, J. and Zagami,
J., 2016. A K-6 Computational Thinking Curriculum Framework: Implica-
tions for Teacher Knowledge. Journal of Educational Technology & Society,
19(3), pp.47-57. https://pure.uva.nl/ws/files/8964271/A_K_6_Computational_
Thinking_Curriculum_Framework.pdf, Available from: http://www.jstor.org/
stable/jeductechsoci.19.3.47.

[3] Bakala, E., Gerosa, A., Hourcade, J.P. and Tejera, G., 2021. Preschool children,
robots, and computational thinking: A systematic review. International Journal
of Child-Computer Interaction, 29, p.100337. Available from: https://doi.org/10.
1016/j.ijcci.2021.100337.

[4] Bandura, A., 1989. Human Agency in Social Cognitive Theory.
American Psychologist, 44(9), pp.1175-1184. https://scispace.com/pdf/
human-agency-in-social-cognitive-theory-249lk5skuf.pdf, Available from: https:
//doi.org/10.1037/0003-066X.44.9.1175.

[5] Barakabitze, A.A., 2014. The Context of Education Initiatives, Importance and
Inhibitors of ICTs towards improving teaching and learning in Tanzania: A Critical
Literature review. Information and Knowledge Management, 4(10), pp.83-97.
Available from: http://iiste.org/Journals/index.php/IKM/article/view/16993.

13


https://doi.org/10.55056/cte.902
https://tinyurl.com/3868h73y
https://pure.uva.nl/ws/files/8964271/A_K_6_Computational_Thinking_Curriculum_Framework.pdf
https://pure.uva.nl/ws/files/8964271/A_K_6_Computational_Thinking_Curriculum_Framework.pdf
http://www.jstor.org/stable/jeductechsoci.19.3.47
http://www.jstor.org/stable/jeductechsoci.19.3.47
https://doi.org/10.1016/j.ijcci.2021.100337
https://doi.org/10.1016/j.ijcci.2021.100337
https://scispace.com/pdf/human-agency-in-social-cognitive-theory-249lk5skuf.pdf
https://scispace.com/pdf/human-agency-in-social-cognitive-theory-249lk5skuf.pdf
https://doi.org/10.1037/0003-066X.44.9.1175
https://doi.org/10.1037/0003-066X.44.9.1175
http://iiste.org/Journals/index.php/IKM/article/view/16993

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

(6]

[7

—

[8

[

9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

Barr, V. and Stephenson, C., 2011. Bringing computational thinking to K-
12: what is Involved and what is the role of the computer science education
community? ACM Inroads, 2(1), p.48-54. Available from: https://doi.org/10.
1145/1929887.1929905.

Budiyanto, C.W., Shahbodin, F., Umam, M.U.K., Isnaini, R., Rahmawati, A.
and Widiastuti, 1., 2021. Developing Computational Thinking Ability in Early
Childhood Education: The Influence of Programming-toy on Parent-Children
Engagement. International Journal of Pedagogy and Teacher Education, 5(1), p.19.
Available from: https://doi.org/10.20961 /ijpte.v5i1.44397.

Butler, D. and Leahy, M., 2021. Developing preservice teachers’ understand-
ing of computational thinking: A constructionist approach. British Jour-
nal of Educational Technology, 52(3), pp.1060-1077. Available from: https:
//doi.org/10.1111/bjet.13090.

Chirwa, M., 2018. Access and use of internet in teaching and learning at two
selected teachers’ colleges in Tanzania. International Journal of Education and
Development Using Information and Communication Technology (IJEDICT), 14(2),
pp-4-16. Available from: http://ijedict.dec.uwi.edu/include/getdoc.php?id=
7696&article=2450&mode=pdf.

Cohen, D.A. and Knopman, D.S., 2018. Existing Regulatory Approaches to
Reducing Exposures to Chemical- and Product-Based Risk and Their Applicability
to Diet-Related Chronic Disease. Risk Analysis, 38(10), pp.2041-2054. Available
from: https://doi.org/10.1111/risa.13002.

Creswell, J.W. and Creswell, J.D., 2018. Research Design: Qualitative, Quanti-
tative and Mixed Methods Approaches. 5th ed. Los Angeles: SAGE Publications.
Available from: https://spada.uns.ac.id/pluginfile.php/510378/mod_resource/
content/1/creswell.pdf.

Csizmadia, A., Curzon, P., Dorling, M., Humphreys, S., Ng, T., Selby, C. and
Woollard, J., 2015. Computational thinking - a guide for teachers. Swindon:
Computing At School. Available from: https://eprints.soton.ac.uk/424545/.
Curzon, P., Dorling, M., Ng, T., Selby, C. and Woollard, J., 2014. Developing
computational thinking in the classroom: a framework. Computing At School.
Available from: https://eprints.soton.ac.uk/369594/.

Dong, W., Li, Y., Sun, L. and Liu, Y., 2024. Developing pre-service teachers’
computational thinking: a systematic literature review. International Journal
of Technology and Design Education, 34(1), pp.191-227. Available from: https:
//doi.org/10.1007/s10798-023-09811-3.

Fares, K., Fowler, B. and Emiliana, V., 2021. How South Africa im-
plemented its computer science education program. Brookings Institution.
Available from: https://www.brookings.edu/wp-content/uploads/2021/10/
How-South-Africa-implemented-its-CS-education-program_FINAL.pdf.

Green, J., Willis, K., Hughes, E., Small, R., Welch, N., Gibbs, L. and Daly, J., 2007.
Generating best evidence from qualitative research: the role of data analysis.
Australian and New Zealand Journal of Public Health, 31(6), pp.545-550. Available
from: https://doi.org/10.1111/j.1753-6405.2007.00141.x.

Hariyanto, D., Asmara, A., Nugraha, A.C., Yatmono, S., Khairudin, M. and Wu,
T.T., 2023. The development of online instructional design for computational
thinking to improve student problem-solving skill. AIP Conference Proceedings,
2671(1), p.050019. Available from: https://doi.org/10.1063/5.0114185.

Hsu, T.C., Chang, S.C. and Hung, Y.T., 2018. How to learn and how to
teach computational thinking: Suggestions based on a review of the liter-
ature. Computers & Education, 126, pp.296-310. Available from: https:
//doi.org/10.1016/j.compedu.2018.07.004.

14


https://doi.org/10.55056/cte.902
https://doi.org/10.1145/1929887.1929905
https://doi.org/10.1145/1929887.1929905
https://doi.org/10.20961/ijpte.v5i1.44397
https://doi.org/10.1111/bjet.13090
https://doi.org/10.1111/bjet.13090
http://ijedict.dec.uwi.edu/include/getdoc.php?id=7696&article=2450&mode=pdf
http://ijedict.dec.uwi.edu/include/getdoc.php?id=7696&article=2450&mode=pdf
https://doi.org/10.1111/risa.13002
https://spada.uns.ac.id/pluginfile.php/510378/mod_resource/content/1/creswell.pdf
https://spada.uns.ac.id/pluginfile.php/510378/mod_resource/content/1/creswell.pdf
https://eprints.soton.ac.uk/424545/
https://eprints.soton.ac.uk/369594/
https://doi.org/10.1007/s10798-023-09811-3
https://doi.org/10.1007/s10798-023-09811-3
https://www.brookings.edu/wp-content/uploads/2021/10/How-South-Africa-implemented-its-CS-education-program_FINAL.pdf
https://www.brookings.edu/wp-content/uploads/2021/10/How-South-Africa-implemented-its-CS-education-program_FINAL.pdf
https://doi.org/10.1111/j.1753-6405.2007.00141.x
https://doi.org/10.1063/5.0114185
https://doi.org/10.1016/j.compedu.2018.07.004
https://doi.org/10.1016/j.compedu.2018.07.004

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

[19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

[27]

(28]

[29]

[30]

[31]

International Society for Technology in Education, 2024. ISTE Standards: For
Educators. Available from: https://iste.org/standards/educators.

Jantjies, M., 2020. How South Africa can address digital inequalities in e-
learning. The Conversation. Available from: https://theconversation.com/
how-south-africa-can-address-digital-inequalities-in-e-learning- 137086.

Jin, H.Y. and Cutumisu, M., 2023. Predicting pre-service teachers’ computational
thinking skills using machine learning classifiers. Education and Information
Technologies, 28(9), pp.-11447-11467. Available from: https://doi.org/10.1007/
s10639-023-11642-7.

Juskeviciene, A. and Dagiene, V., 2018. Computational Thinking Relationship
with Digital Competence. Informatics in Education, 17(2), pp.265-284. Available
from: https://doi.org/10.15388/infedu.2018.14.

Kafyulilo, A., Fisser, P., Pieters, J. and Voogt, J., 2015. ICT Use in Science
and Mathematics Teacher Education in Tanzania: Developing Technological
Pedagogical Content Knowledge. Australasian Journal of Educational Technology,
31(4). Available from: https://doi.org/10.14742/ajet.1240.

Kalogiannakis, M. and Papadakis, S., eds, 2020. Handbook of Research on
Tools for Teaching Computational Thinking in P-12 Education, Advances in Early
Childhood and K-12 Education. IGI Global. Available from: https://doi.org/10.
4018/978-1-7998-4576-8.

Kert, S.B., Erko¢, M.F. and Yeni, S., 2020. The effect of robotics on six graders’
academic achievement, computational thinking skills and conceptual knowledge
levels. Thinking Skills and Creativity, 38, p.100714. Available from: https:
//doi.org/10.1016/j.tsc.2020.100714.

Kusaka, S., 2021. Systematizing ICT Education Curriculum for Developing Com-
putational Thinking: Case Studies of Curricula in the United States, Australia,
and the United Kingdom. Journal of Education and Learning, 10(5), pp.76-83.
Available from: https://doi.org/10.5539/jel.v10n5p76.

Kweka, K.H. and Ndibalema, P., 2018. Constraints Hindering Adoption of ICT
in Government Secondary Schools in Tanzania: The Case of Hanang District.
International Journal of Educational Technology and Learning, 4(2), p.46-57.
Available from: https://doi.org/10.20448/2003.42.46.57.

Lockwood, J. and Mooney, A., 2018. Developing Computational Thinking
Test Using Bebras Problems. In: A. Piotrkowicz, R. Dent-Spargo, S. Den-
nerlein, I. Koren, P. Antoniou, P. Bailey, T. Treasure-Jones, I. Fronza and
C. Pahl, eds. Joint Proceedings of the 1st Co-Creation in the Design, Devel-
opment and Implementation of Technology-Enhanced Learning workshop (CC-
TEL 2018) and Systems of Assessments for Computational Thinking Learning
workshop (TACKLE 2018) co-located with 13th European Conference on Technol-
ogy Enhanced Learning (ECTEL 2018), Leeds, United Kingdom, September 3rd,
2018. CEUR-WS.org, CEUR Workshop Proceedings, vol. 2190. Available from:
https://ceur-ws.org/Vol-2190/TACKLE_2018_paper_1.pdf.

Lodi, M. and Martini, S., 2021. Computational Thinking, Between Papert and
Wing. Science & Education, 30(4), pp.883-908. Available from: https://doi.org/
10.1007/s11191-021-00202-5.

Lubuva, E.E., Ndibalema, P. and Mbwambo, E., 2022. Assessment of Tutors’
Level of ICT Competencies in Teaching in Teacher Education in Tanzania. Journal
of Learning for Development, 9(3), p.436-454. Available from: https://doi.org/10.
56059/j14d.v9i3.705.

Lund, H., Nielsen, J., Sutinen, E. and Vesisenaho, M., 2005. In search of the
point-of-contact: contextualized technology refreshes ICT teaching in Tanzania.
Fifth IEEE International Conference on Advanced Learning Technologies (ICALT 05).

15


https://doi.org/10.55056/cte.902
https://iste.org/standards/educators
https://theconversation.com/how-south-africa-can-address-digital-inequalities-in-e-learning-137086
https://theconversation.com/how-south-africa-can-address-digital-inequalities-in-e-learning-137086
https://doi.org/10.1007/s10639-023-11642-7
https://doi.org/10.1007/s10639-023-11642-7
https://doi.org/10.15388/infedu.2018.14
https://doi.org/10.14742/ajet.1240
https://doi.org/10.4018/978-1-7998-4576-8
https://doi.org/10.4018/978-1-7998-4576-8
https://doi.org/10.1016/j.tsc.2020.100714
https://doi.org/10.1016/j.tsc.2020.100714
https://doi.org/10.5539/jel.v10n5p76
https://doi.org/10.20448/2003.42.46.57
https://ceur-ws.org/Vol-2190/TACKLE_2018_paper_1.pdf
https://doi.org/10.1007/s11191-021-00202-5
https://doi.org/10.1007/s11191-021-00202-5
https://doi.org/10.56059/jl4d.v9i3.705
https://doi.org/10.56059/jl4d.v9i3.705

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

pPp-983-987. Available from: https://doi.org/10.1109/ICALT.2005.168.
Mannila, L., Dagiene, V., Demo, B., Grgurina, N., Mirolo, C., Rolandsson, L.
and Settle, A., 2014. Computational Thinking in K-9 Education. Proceedings of
the Working Group Reports of the 2014 on Innovation & Technology in Computer
Science Education Conference. New York, NY, USA: Association for Computing
Machinery, ITICSE-WGR ’14, p.1-29. Available from: https://doi.org/10.1145/
2713609.2713610.

Mashaza, L.G., 2017. Theoretical Perspectives on Critical Thinking Teaching:
Reflections from Field Experiences from a Norwegian Lower Secondary School
in Comparison to Tanzanian Secondary School Teaching Practices. Journal of
Education and Learning, 11(3), pp.312-318. Available from: https://doi.org/10.
11591 /edulearn.v11i3.6542.

Mills, K., Coenraad, M., Ruiz, P., Burke, Q. and Weisgrau, J., 2021. Computational
Thinking for an Inclusive World: A Resource for Educators to Learn and Lead.
Digital Promise. Available from: https://doi.org/10.51388/20.500.12265/138.
Ministry of Education, Science and Technology, 2019. National Curriculum
Frameworlk for Basic Education and Teacher Education. Dar es Salaam: Tan-
zania Institute of Education. Available from: https://www.tie.go.tz/uploads/
documents/sw/1568799160-National2o20Curriculum%20Framework%20for%
20Basic%20and%20Teacher%20Education.pdf.

Moon, H., Cheon, J. and Kwon, K., 2022. Difficult Concepts and Practices of
Computational Thinking Using Block-based Programming. International Journal
of Computer Science Education in Schools, 5(3), p.3-16. Available from: https:
//doi.org/10.21585/ijcses.vbi3.129.

Mtebe, J.S., 2020. Applying UNESCO ICT Competency Framework to Evaluate
Teachers’ ICT Competence Levels in Tanzania. In: J. Keengwe, ed. Handbook
of Research on Innovative Pedagogies and Best Practices in Teacher Education.
Hershey, PA: IGI Global Scientific Publishing, chap. 20, pp.350-366. Available
from: https://doi.org/10.4018/978-1-5225-9232-7.ch020.

Mwalongo, A., 2011. Teachers’ perceptions about ICT for teaching, professional
development, administration and personal use. International Journal of Education
and Development Using Information and Communication Technology (IJEDICT),
7(3), pp-36-49. Available from: http://ijedict.dec.uwi.edu/include/getdoc.php?
id=4888&article=1272&mode=pdf.

Ndibalema, P., 2014. Teachers’ Attitudes towards the Use of Information Commu-
nication Technology (ICT) as a Pedagogical Tool in Secondary Schools in Tanzania:
The Case of Kondoa District. International Journal of Education and Research, 2(2),
pp-1-16. Available from: https://www.ijjern.com/journal/February-2014/11.pdf.
Nordby, S.K., Bjerke, A.H. and Mifsud, L., 2022. Computational Thinking in the
Primary Mathematics Classroom: a Systematic Review. Digital Experiences in
Mathematics Education, 8(1), pp.27-49. Available from: https://doi.org/10.1007/
s40751-022-00102-5.

Papert, S., 1980. Mindstorms: Children, Computers, and Powerful Ideas. New
York: Basic Books. Available from: https://worrydream.com/refs/Papert_1980_
-_Mindstorms,_1st_ed.pdf.

Saidin, N.D., Khalid, F., Martin, R., Kuppusamy, Y. and Munusamy, N.A., 2021.
Benefits and Challenges of Applying Computational Thinking in Education. In-
ternational Journal of Information and Education Technology, 11(5), pp.248-254.
Available from: https://doi.org/10.18178/ijiet.2021.11.5.1519.

Saimon, M., Lavicza, Z. and Dana-Picard, T., 2023. Enhancing the 4Cs among
college students of a communication skills course in Tanzania through a project-
based learning model. Education and Information Technologies, 28(6), pp.6269-

16


https://doi.org/10.55056/cte.902
https://doi.org/10.1109/ICALT.2005.168
https://doi.org/10.1145/2713609.2713610
https://doi.org/10.1145/2713609.2713610
https://doi.org/10.11591/edulearn.v11i3.6542
https://doi.org/10.11591/edulearn.v11i3.6542
https://doi.org/10.51388/20.500.12265/138
https://www.tie.go.tz/uploads/documents/sw/1568799160-National%20Curriculum%20Framework%20for%20Basic%20and%20Teacher%20Education.pdf
https://www.tie.go.tz/uploads/documents/sw/1568799160-National%20Curriculum%20Framework%20for%20Basic%20and%20Teacher%20Education.pdf
https://www.tie.go.tz/uploads/documents/sw/1568799160-National%20Curriculum%20Framework%20for%20Basic%20and%20Teacher%20Education.pdf
https://doi.org/10.21585/ijcses.v5i3.129
https://doi.org/10.21585/ijcses.v5i3.129
https://doi.org/10.4018/978-1-5225-9232-7.ch020
http://ijedict.dec.uwi.edu/include/getdoc.php?id=4888&article=1272&mode=pdf
http://ijedict.dec.uwi.edu/include/getdoc.php?id=4888&article=1272&mode=pdf
https://www.ijern.com/journal/February-2014/11.pdf
https://doi.org/10.1007/s40751-022-00102-5
https://doi.org/10.1007/s40751-022-00102-5
https://worrydream.com/refs/Papert_1980_-_Mindstorms,_1st_ed.pdf
https://worrydream.com/refs/Papert_1980_-_Mindstorms,_1st_ed.pdf
https://doi.org/10.18178/ijiet.2021.11.5.1519

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

6285. Available from: https://doi.org/10.1007/s10639-022-11406-9.

[44] Schunk, D.H. and DiBenedetto, M.K., 2020. Motivation and social cognitive
theory. Contemporary Educational Psychology, 60, p.101832. Available from:
https://doi.org/10.1016/j.cedpsych.2019.101832.

[45] Shute, V.J., Sun, C. and Asbell-Clarke, J., 2017. Demystifying computational
thinking. Educational Research Review, 22, pp.142-158. Available from: https:
//doi.org/10.1016/j.edurev.2017.09.003.

[46] Solanki, D.S., 2012. “Use of Technology in English Language Teaching and
Learning”: An Analysis. 2012 International Conference on Language, Medias and
Culture IPEDR. vol. 33, pp.150-156. Available from: https://www.academia.edu/
32815106/.

[47] Su, J. and Yang, W., 2023. A systematic review of integrating computational think-
ing in early childhood education. Computers and Education Open, 4, p.100122.
Available from: https://doi.org/10.1016/j.cae0.2023.100122.

[48] Swai, C.Z., Nkaizirwa, J.P., Hugo, A.K., Mahenge, C.A. and Komba, P.S., 2022.
Strengthening Teacher Education in Tanzania: Student-Teachers’ and Tutors’
Satisfaction with College Facilities and Environment. Cogent Education, 9(1),
P-2070053. Available from: https://doi.org/10.1080/2331186X.2022.2070053.

[49] Tandika, P.B. and Ndijuye, L.G., 2018. Pre-primary teachers’ preparedness in
integrating information and communication technology in teaching and learning
in Tanzania. Information and Learning Sciences, 121(1-2), pp.79-94. Available
from: https://doi.org/10.1108/ILS-01-2019-0009.

[50] Tang, X., Yin, Y., Lin, Q., Hadad, R. and Zhai, X., 2020. Assessing computational
thinking: A systematic review of empirical studies. Computers & Education, 148,
p-103798. Available from: https://doi.org/10.1016/j.compedu.2019.103798.

[51] Tanzania UR. Ministry of Education and Vocational Training and UNESCO Office
in Dar-es-Salaam, 2015. ICT competency standards for teachers in Tanzania.
Available from: https://unesdoc.unesco.org/ark:/48223/pf0000234822.

[52] The United Republic of Tanzania and Ministry of Education, Science and Technol-
ogy, 2017. A Report of the Joint Education Sector Review Working Sessions. 18th -
21st September, 2017. Treasury Square - Dodoma. Dodoma. Available from: https:
/ /www.globalpartnership.org/node/document/download?file=document/file/
2019-06-report-2017-joint-education-sector-review-tanzania-mainland.pdf.

[53] The United Republic of Tanzania and Planning Commission, 2000. The Tanzania
Development Vision 2025. Available from: https://hssrc.tamisemi.go.tz/storage/
app/uploads/public/5ac/{25/169/5acf25{695da8390367676.pdf.

[54] The United Republic of Tanzania. Ministry of Education, Science and Technology,
2024. Draft national digital education strategy 2024/25 — 2029/30. Avail-
able from: https://www.moe.go.tz/sites/default/files/Draft_National_ Digital_
Education_Strategy2024-2030-2.pdf.

[55] Tsai, M.J., Liang, J.C., Lee, S.W.Y. and Hsu, C.Y., 2022. Structural Validation
for the Developmental Model of Computational Thinking. Journal of Educational
Computing Research, 60(1), pp.56-73. Available from: https://doi.org/10.1177/
07356331211017794.

[56] Turchi, T., Fogli, D. and Malizia, A., 2019. Fostering computational think-
ing through collaborative game-based learning. Multimedia Tools and Appli-
cations, 78(10), pp.13649-13673. Available from: https://doi.org/10.1007/
s11042-019-7229-9.

[57] United Republic of Tanzania and Ministry of Education and Vocational Training
(MoEVT), 2007. Information & Communication Technology (ICT) Policy for Basic
Education. Available from: https://tinyurl.com/yk{p8vpd.

[58] United Republic of Tanzania and Ministry of Education, Science and Technology,

17


https://doi.org/10.55056/cte.902
https://doi.org/10.1007/s10639-022-11406-9
https://doi.org/10.1016/j.cedpsych.2019.101832
https://doi.org/10.1016/j.edurev.2017.09.003
https://doi.org/10.1016/j.edurev.2017.09.003
https://www.academia.edu/32815106/
https://www.academia.edu/32815106/
https://doi.org/10.1016/j.caeo.2023.100122
https://doi.org/10.1080/2331186X.2022.2070053
https://doi.org/10.1108/ILS-01-2019-0009
https://doi.org/10.1016/j.compedu.2019.103798
https://unesdoc.unesco.org/ark:/48223/pf0000234822
https://www.globalpartnership.org/node/document/download?file=document/file/2019-06-report-2017-joint-education-sector-review-tanzania-mainland.pdf
https://www.globalpartnership.org/node/document/download?file=document/file/2019-06-report-2017-joint-education-sector-review-tanzania-mainland.pdf
https://www.globalpartnership.org/node/document/download?file=document/file/2019-06-report-2017-joint-education-sector-review-tanzania-mainland.pdf
https://hssrc.tamisemi.go.tz/storage/app/uploads/public/5ac/f25/f69/5acf25f695da8390367676.pdf
https://hssrc.tamisemi.go.tz/storage/app/uploads/public/5ac/f25/f69/5acf25f695da8390367676.pdf
https://www.moe.go.tz/sites/default/files/Draft_National_Digital_Education_Strategy 2024-2030-2.pdf
https://www.moe.go.tz/sites/default/files/Draft_National_Digital_Education_Strategy 2024-2030-2.pdf
https://doi.org/10.1177/07356331211017794
https://doi.org/10.1177/07356331211017794
https://doi.org/10.1007/s11042-019-7229-9
https://doi.org/10.1007/s11042-019-7229-9
https://tinyurl.com/ykfp8vpd

CTE Workshop Proceedings, 2025 https://doi.org/10.55056/cte.902

[59]

[60]

[61]

[62]

[63]

[64]

[65]

2020. National framework for teachers continuous professional development.
Available from: https://docs.edtechhub.org/lib/MUSAVHQ9.

United Republic of Tanzania and Ministry of Education, Science and
Technology, 2023. Education and Training Policy 2014. 2023rd
ed. Dodoma: Ministry of Education, Science and Technology. Avail-
able from: https://www.moe.go.tz/sites/default/files/EDUCATION%20AND%
20TRAINING%20POLICY%202014%2C%202023%20EDITION.pdf.

Voogt, J., Fisser, P., Good, J., Mishra, P. and Yadav, A., 2015. Computational
thinking in compulsory education: Towards an agenda for research and practice.
Education and Information Technologies, 20(4), pp.715-728. Available from:
https://doi.org/10.1007/s10639-015-9412-6.

Wing, J.M., 2006. Computational Thinking. Communications of the ACM, 49(3),
p.-33-35. https://www.cs.cmu.edu/~15110-s13/Wing06-ct.pdf, Available from:
https://doi.org/10.1145/1118178.1118215.

Wing, J.M., 2008. Computational thinking and thinking about computing. Philo-
sophical Transactions of the Royal Society A: Mathematical, Physical and Engi-
neering Sciences, 366(1881), pp.3717-3725. Available from: https://doi.org/10.
1098/rsta.2008.0118.

Wing, J.M., 2017. Computational thinking’s influence on research and education
for all. Italian Journal of Educational Technology, 25(2), pp.7-14. Available from:
https://doi.org/10.17471/2499-4324/922.

Yadav, A., Good, J., Voogt, J. and Fisser, P., 2017. Computational Thinking
as an Emerging Competence Domain. In: M. Mulder, ed. Competence-based
Vocational and Professional Education: Bridging the Worlds of Work and Education.
Cham: Springer International Publishing, pp.1051-1067. Available from: https:
//doi.org/10.1007/978-3-319-41713-4_49.

Yadav, A., Gretter, S., Hambrusch, S. and Sands, P., 2016. Expanding computer
science education in schools: understanding teacher experiences and challenges.
Computer Science Education, 26(4), pp.235-254. Available from: https://doi.org/
10.1080/08993408.2016.1257418.

18


https://doi.org/10.55056/cte.902
https://docs.edtechhub.org/lib/MUSAVHQ9
https://www.moe.go.tz/sites/default/files/EDUCATION%20AND%20TRAINING%20POLICY%202014%2C%202023%20EDITION.pdf
https://www.moe.go.tz/sites/default/files/EDUCATION%20AND%20TRAINING%20POLICY%202014%2C%202023%20EDITION.pdf
https://doi.org/10.1007/s10639-015-9412-6
https://www.cs.cmu.edu/~15110-s13/Wing06-ct.pdf
https://doi.org/10.1145/1118178.1118215
https://doi.org/10.1098/rsta.2008.0118
https://doi.org/10.1098/rsta.2008.0118
https://doi.org/10.17471/2499-4324/922
https://doi.org/10.1007/978-3-319-41713-4_49
https://doi.org/10.1007/978-3-319-41713-4_49
https://doi.org/10.1080/08993408.2016.1257418
https://doi.org/10.1080/08993408.2016.1257418

	1 Introduction
	1.1 Research questions
	1.2 Theoretical context

	2 Methodological procedures
	2.1 Research approach and design
	2.2 Study area, sample and sampling methods
	2.3 Data collection methods and analysis plan
	2.4 Ethical matters
	2.5 Trustworthiness of the study

	3 Results
	3.1 Digital literacy skills
	3.2 Programming skills
	3.3 Methods tutors use to apply ICTs to develop computational thinking skills
	3.3.1 ICT-enhanced research skills
	3.3.2 ICT-supported summarization
	3.3.3 ICT-based assessment methods


	4 Discussion of the findings
	5 Conclusions
	6 Limitation
	7 Recommendations

