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in Ethiopian education: Emerging evidence for improving student
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Abstract

In this issue, the Bahir Dar Journal of Education features studies that
examine the intersections of educational policy, curriculum, teacher
practice, and student learning outcomes in Ethiopia. The articles
address key issues, including the alignment between constitutional
and education policy provisions on language use, the integration of
information and communication technologies in teacher education,
and the role of core instructional practices in promoting early-grade
literacy. Additional contributions investigate the quality and
problem-solving orientation of science textbooks, the application of
motivational and engagement theories in science and mathematics
classrooms, and the effects of innovative pedagogies—such as
problem-based scenarios and guided discovery—on students’ critical
thinking, motivation, and achievement. Collectively, the studies
highlight the need for coherence between policy and classroom
practice, the use of evidence-based instructional strategies, and
contextually responsive curriculum development. The findings
affirm that student success depends not only on sound policies and
resources but also on their effective implementation in everyday
teaching.

Introduction

ARTICLE HISTORY
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Students’ performance

Ensuring that students not only attend school but also gain meaningful learning
remains a central concern for educators and policymakers in Ethiopia. Over the past decades,
significant efforts have expanded access to education and introduced reforms in language
instruction, curriculum design, and teacher preparation. Yet, research indicates that greater
enrollment has not always led to corresponding improvements in learning outcomes (World
Bank, 2018; UNESCO, 2003). Bahir Dar journal of Education in this issue presents articles
with diverse range of topics. The articles emphasized on the language issues in the education
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and training policy, curriculum development, teachers’ instructional practice from early grade
level to colleges, and the effect of these aspects on the students’ development.

Educational policies set the foundation for learning, but their effectiveness depends on
how they are implemented in schools. Initiatives such as Ethiopia’s multilingual education
policies and large-scale quality improvement programs have contributed to greater access and
raised awareness about learning quality (Heugh et al., 2007; Tonegawa, 2025). Research on
language instruction also indicates that students receiving early education in their mother
tongue tend to achieve stronger literacy and broader academic outcomes than peers who
switch to English too early (Daniel & Abebayehu, 2006; Ronny, 2006)

Nevertheless, when materials, teacher preparation, and practical guidance are
insufficient, these policies’ intended benefits are often limited (Bekalu, 2025; Fadil &
Mulugeta, 2024). Historical reviews of Ethiopian education also identify persistent
challenges, including teacher shortages, inconsistent curriculum quality, and limited
professional support (Semela, 2014). Such evidence underscores that policy alone is not
enough; adequate support systems are necessary to help teachers translate reforms into
effective classroom practice.

Teachers’ classroom practice remains the most immediate factor shaping what
students learn. Evidence shows that structured teaching, formative assessment, and ongoing
feedback strongly influence students’ literacy and overall academic performance (Ayele et
al., 2019; Tadesse et al., 2024). However, many classrooms continue to rely on teacher-
centered approaches, limiting opportunities for discussion, inquiry, and problem-solving
(Debeli et al., 2025; Faro et al., 2025). In science classrooms, the lack of practical activities
and lab-based learning reduces students’ engagement and understanding of key concepts
(Ozdem-Yilmaz & Bilican, 2020).

Studies revealed that approaches such as problem-based learning and guided
discovery, and formative assessment enhance engagement, motivation, and critical thinking
(Darling-Hammond et al., 2020). In Ethiopia, these strategies are particularly effective when
teachers are trained and supported appropriately. Problem- and inquiry-based methods in
science classrooms, for example, help students develop conceptual understanding and higher-
order thinking (Ageze et al., 2022; Brhane et al., 2025; Zeleke et al, 2022). Similarly, self-
determination theory suggests that students who feel competent, autonomous, and connected
to their learning community demonstrate higher engagement and achievement (Ryan & Deci,
2020; Ryan, & Deci, 2017).

While technology can support learning, Ethiopian classrooms often face challenges,
such as limited digital infrastructure, low teacher digital literacy, and uneven access to
training (Merga et al., 2024; MoE, 2022; Yizengaw & Nigussie, 2023). This highlights the
importance of combining innovative teaching approaches with system-level support to
maximize their impact.

Insight from studies in this issue underscores the need for alignment. When policies,
curricula, and classroom practices work in harmony, students are more likely to succeed;
when they are disconnected, reforms often have limited effect (Bekalu et al., 2024; OECD,
2018). In Ethiopia, improving alignment means designing policies informed by classroom
realities and providing ongoing support for teachers implementing new curricula and
instructional strategies. Collaboration among policymakers, teacher educators, school leaders,
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and researchers ensures that reforms are evidence-based and contextually relevant (Fullan,
2016). It has to be noted that achieving such alignment is an ongoing process of reflection
and adaptation, not a one-time effort. The articles presented here provides guidance on both
the challenges and opportunities for creating a coherent educational system that promotes
meaningful learning.

Thus, this issue of Bahir Dar Journal of Education brings together a compelling
collection of studies that illuminate the dynamic relationships among educational policy,
curriculum materials, teacher practice, student motivation, and learning outcomes within the
Ethiopian context. Collectively, the contributions underscore a central message: meaningful
educational improvement requires coherence across policy frameworks, instructional design,
and classroom implementation.

At the policy level, Bekalu Atnafu Taye critically examines inconsistencies between
the Constitution and the 2023 Education Policy regarding language issues. His analysis
highlights tensions between constitutional provisions and policy directives, raising important
questions about national unity, political influence, and the need for education policy to
operate within stable constitutional principles. The study serves as a timely reminder that
educational reform must be anchored in legal and societal coherence.

Bridging policy and practice, Adane Sifer, Getachew Sime, Mulugeta Yayeh Worku,
and Girma Tilahun explore ICT integration among biology teacher educators in southern
Ethiopian colleges. While a strong majority of educators recognize the pedagogical value of
ICT for teaching complex biological concepts, actual classroom utilization remains
inconsistent. Structural challenges—including limited access, insufficient training, and
inadequate pedagogical support—underscore the gap between technological aspiration and
instructional reality. Their findings call for systematic capacity-building efforts to ensure that
technology meaningfully enhances teaching and learning.

At the classroom level, Tsegaye Girma, Marew Alemu, and Selomie Zewdalem
provide robust empirical evidence on the predictive power of teachers’ core instructional
practices in early-grade Amharic reading achievement. Their findings demonstrate that
effective planning, classroom management, and assessment substantially influence literacy
outcomes, reinforcing the foundational role of teacher quality in early learning. Although
phonemic awareness showed weaker associations, the overall results affirm that structured
instructional practices are central to literacy development.

Curriculum quality is further interrogated by Derejaw Yesgat Woldemariam and
Solomon Melesse Mengistie, who evaluate the Grade Eight General Science textbook
through the lens of problem-solving skill development. While the textbook incorporates
collaborative strategies and graphic organizers, it remains largely confined to lower-order
cognitive objectives and lacks sufficient real-life contextualization and metacognitive
scaffolding. Their analysis signals the need for curriculum revision that promotes higher-
order thinking and authentic problem-based learning.

Similarly, motivation and engagement emerge as cross-cutting themes in several
contributions. Alemayehu Berhanu and Tesfaye Semela apply Self-Determination Theory to
Ethiopian science and mathematics classrooms, providing empirical support for the role of
teacher support in satisfying students’ psychological needs, which in turn enhances
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engagement and academic achievement. Their structural modeling highlights the mediating
role of engagement, reinforcing the importance of need-supportive instructional climates.

Finally, Kiros Tareke Nigussie, Bizuayehu Kerisew Semahagn, Baye Sitotaw Mersha
and Alemayehu Bishaw Tamiru demonstrate the effectiveness of paper-based problem
scenarios in strengthening critical thinking skills in secondary biology classrooms. Their
mixed-methods findings indicate significant gains in students’ higher-order reasoning,
suggesting that structured, scenario-based approaches can cultivate analytical competencies
essential for scientific literacy.

Taken together, the studies in this issue offer converging evidence that improving
student learning in Ethiopia requires: alignment between constitutional principles and
education policy, contextually responsive curriculum reform, sustained professional
development and instructional support, and pedagogical approaches that nurture motivation,
engagement, critical thinking, and problem-solving.

By addressing systemic challenges while presenting empirically grounded
innovations, this issue contributes valuable insights for policymakers, curriculum developers,
teacher educators, and classroom practitioners committed to strengthening instructional
quality and advancing equitable, evidence-based education in Ethiopia.

Generally, the studies in this issue demonstrate how closely intertwined policy,
curriculum, and classroom practice are in shaping student learning in Ethiopia. Improving
outcomes requires more than simply increasing access to schooling—it demands coherent
policies, well-supported teachers, and instructional practices that actively engage students.
Therefore, we believe the January 2026 issue will contribute meaningfully to advancing
quality education by highlighting research on language policy, teacher practice, instructional
innovation, and student achievement, this issue contributes to the ongoing conversation about
how to strengthen educational quality. We hope that these insights will guide policymakers,
educators, and researchers in efforts to improve learning outcomes for all Ethiopian students.

To end, we would like to express our sincere appreciation to the authors, reviewers,
and editors whose dedicated efforts made this issue possible. Your strong commitment to
expanding knowledge and improving education is greatly valued. Through our collective
efforts, we can foster meaningful progress and enhance the quality of education in Ethiopia
and beyond. We are grateful for your important role in this endeavor.
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The inconsistency between the constitution and the education and
training policy document on language issues

Bekalu Atnafu Taye
College of Language Education, Kotebe University of Education, Ethiopia

The objective of this article was to scrutinize a policy

contradiction between the Education Policy Document and the ARTICLE HISTORY
Constitution. Having this objective, the researcher used a case Received: 16 July, 2025
study design which analyzed a particular case using secondary #ccepted: 14 December, 2025
data, such as constitutional and policy documents and published

articles. The findings revealed that the 2023 Education Policy KEYWORDS

stands in sharp contrast to the Constitution and the Ethiopian Education, language, policy,
Education Roadmap, and it might pose a significant threat to the Politics, Amharic

nation's unity. This might happen due to the fact that the

Education Policy Document was crafted within an ethnically

influenced political context. The Ethiopian Education Policy

needs to operate without the control of political decisions.

Introduction

The influence of the Western world is so pervasive that many non-Western countries
find it difficult to visualize education outside of the Western frame of thought. Owing to this,
the legacy of Western colonization has eroded indigenous cultural values. The policies aimed
at molding African minds by negating their native values and knowledge and substituting
them with European values which were accepted as superior appears prevalent (Annamalai,
2005). Although the World Bank, OECD, and other international agencies continue to pursue
the re-Westernization project and the neo-liberal education agenda associated with it, many
education researchers and policymakers have challenged this “new” policy regime for
imposing Western-centric lens to understand education across different contexts (Silova et
al.,, 2020). Like other ancient nations, Ethiopia may have overlooked the value of
incorporating its own ancient scholarly heritage into a more diverse and representative
system. As a historically significant nation with strong values, Ethiopia should uphold its
traditional values. In this regard, Messay (1999) argues that the only way out for countries
like Ethiopia is to anchor modernization on the traditional values and beliefs of the Ethiopian
people.

One of the traditional values of the country is its linguistic richness, well over 80
languages along with about 200 dialects thereof. In this regard, Tekeste (2006) states that the
most viable strategy for the reconstruction of Ethiopian education is the use of national
languages as medium of instruction at all levels of education including at the university level.
It is a fact that no developed country has developed on the basis of using a foreign language,

CONTACT  Bekalu Atnafu Taye @ bekaluatnafutaye@gmail.com

© 2026 The Author (s).Open Access. This article is licensed under a Creative Commons Attribution 4.0 f@ @ |

International License
DOl:https://dx.doi.org/10.4314/bdje.v26il.2



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.4314/bdje.v26i1.2
https://orcid.org/0009-0007-9673-4875
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0007-9673-4875
https://creativecommons.org/licenses/by/4.0/

Bahir Dar Journal of Education Vol. 26 No.1 January 2026 Bekalu A.

since development involves the participation of all citizens in nation-building. Batibo (2005)
clearly argued that the fast-developing countries of Asia, such as China, Korea, Taiwan,
Malaysia and Thailand, base their development strategies on their indigenous languages as
this is the only way to involve the whole population in the development effort and to
meaningfully bring about technological advancements within the country’s cultural
framework.

Using indigenous languages for medium of instruction (Mol) could influence the
atmosphere of the classroom. Higher mental processes have their origin in social processes
(Driscoll, 2005) and learning takes place through social interaction. Considerable number of
studies supports the notion that teacher-student interaction is indispensable for better
academic achievement of students. If students do not use English to communicate, students
avoid engaging in classroom discussion, an effect sometimes described as ‘silencing by
English” (Annamalai, 2005). This showed that using indigenous languages for classroom
instruction may potentially support students’ understanding of the subject content by
fostering classroom interactions.

Thus, the policy implications of using home language or working language as the
medium of instruction in higher education institutions, where English is the language of
instruction, should be considered (Bekalu et al., 2023). This is because the use of learners'
home language or working language in the classroom has the potential to make learners be
involved in the learning process and enhance learning. However, there is no a single country
in sub-Saharan Africa that uses an African language as the language of instruction at
secondary or tertiary level except South Africa’s use of Afrikaans in some universities (Brock
-Utne, 2015).

Parents have been concerned that the policy of ethnocentrism which encourages the
use of only local languages might negatively affect their children if they are unable to speak
Ambharic or English, which might cause them to fail the Grade 8 regional examinations
(Benson et al., 2012). Even the researchers’ visits to rural schools in the regional state of
Oromia revealed that Amharic is not well understood by many learners and by some not at all
(Benson et al.,2012). In the Ethiopian context, regional states are allowed to use their own
vernacular languages. In the process, the unifying agent, a lingua franca, has been missing.
Thus, as students progress into higher learning institutions, they do not find a common
language among themselves for communication. Due to this, members of many ethnic groups
regret their inability to communicate in Amharic when they go to large cities like Addis
Ababa (Bekalu, 2019). Being sympathetic to Ethiopian students, Kispert-Rakotondrainy
(2014) stated that students may suffer from the lack of political strategies, as they
undoubtedly need a thorough knowledge of Amharic for any kind of formal employment.
This happened because the measures taken by the government on language issues are often
more informed by political and ideological considerations than strictly educational ones
(Ferguson, 2012; Daniel &Abebayehu, 2006). Owing to this, people have been observed
lamenting their failure to speak the language that serves as a bridge among the population of
well over a hundred million (Bekalu, 2019). With regard to the importance of using Amharic
as a lingua franca, Tekeste (2006) stated that as a trans-ethnic medium of communication,
teaching Amharic only as a subject is not sufficient. Amharic needs to be used as a medium
of instruction across the country. In this regard, Benson (2010) noted that Ethiopia does the
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best job of using mother tongues to promote literacy and learning, but misses opportunities to
use bi- or multilingual methodologies and to maximize the effectiveness of L2 Amharic. In a
similar manner, Tekeste (2006) also expressed his surprise as to why Ethiopian governments,
especially in the last 30 and 35 years, did not make use of the country’s rich tradition in
literacy and develop the Amharic language to be used in secondary education.

Beyond these empirical findings, numerous studies have also shown that families
have been known to move from mother-tongue areas to cities where classes are taught in
Ambharic (Trudell, 2016). Urban populations from all language backgrounds also demonstrate
a marked tendency to shift to Amharic, often losing the language spoken by their parents
(Cohen, 2005). For example, parents from Sheger cities near Addis Ababa tend to send their
children to schools in the city, where Amharic functions as the primary language of
communication (Bekalu, 2025). Contextual circumstances are likely to influence the
decisions of the parents to send their children where Amharic is used as the medium of
instruction. Despite the demands of the society to make children learn in Amharic, politicians
appear to minimize the role of Amharic language in the country (Bekalu, 2025). Amharic has
been taught as a subject across the county and some regional states (such as Beneshangul
Gumuz) have also used Amharic as a working language in their local administration.
Linguistically diverse regions such as Southern Nations, Nationalities and Peoples Region
(SNNPR) and BeneshangulGumuz have decided to use Amharic as the designated language
of regional communication (Cohen, 2005). The Constitution (Article 5) and the Ethiopian
Education Development Roadmap (MoE, 2017), respectively, suggest that Amharic need to
be used as a working language and it should be given as a subject starting from early grade as
a second language. Against the Constitution and the Ethiopian Education Development
Roadmap, the new Education Policy (MoE, 2023) article 4:3 attempted to reduce the role of
Ambharic, and it is found to be incompatible with the existing situation and also inconsistent
with the Constitution. This article depicts this constradictions.

Theoretical framework

Some believe that the history of education in Ethiopia is at least three millennia old
(MoE, 1990). According to this view, legend traces traditional education in Ethiopia back to
the time of the contacts King Solomon of Israel made with Queen Sheba of Ethiopia. The
roots of traditional education can be traced back to the ancient Biblical religion of Israel. In
connection to the above, Ephraim (1971) stated that the elaborate account of the visit of the
Queen of Sheba to King Solomon is preserved in a sacred book of the Ethiopian Orthodox
Church, called the Kebra Negast (Glory of the Kings). Others (Ephraim, 1971; Teshome,
1979) claimed that education began in Ethiopia right after the introduction of Christianity in
the fourth century with the coming of nine clerics from Asia Minor (known as the nine saints
in the Ethiopian Orthodox Church education). To reconcile this controversy, Germa (1967)
noted that even though the exact date when the church started offering formal education is
not known, it is safe to assume that its educational activities go back to the earlier days of
Christianity in Ethiopia, ‘Abba Selama’, the first Christian metropolitan of the country. In a
similar manner, Pankhurst (1974) stated that we cannot date the beginnings of church
education but it might have originated in the Axumite kingdom when Christianity was
introduced at the court of King Ezana in the fourth century.
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Although Christianity was rooted in Ethiopia for long, it is not only Christianity that
has been a source of indigenous traditional education; Islam also provided another source of
education system in the country (Bahru, 2005). Thus, any account of Ethiopian education
must recognize the contributions of Christianity, Islam, ‘Falash’ and paganism that have
coexisted in Ethiopia for centuries and founded schools for their adherents (Ephraim, 1971;
Teshome, 1979). In view of the above, before the emergence of modern education, traditional
education had been carried on exclusively by the Ethiopian Orthodox Church and this was
supported by Islamic educational system which served their own members (Ephraim, 1971).
As a result, Ethiopia is well known for its indigenous education which has been used for
religious services. It is the sum of these facts that has made Ethiopia the only sub-Saharan
country in Africa that has ancient written literature using Ge’ez scripts which has been used
by Amharic language speakers.

During the ‘Dergue’ and ‘imperial’ regimes, Amharic was perceived as a unifying
force that ties the multilingual societies of Ethiopia. The then official language, Amharic, has
served as a platform for social solidarity, and the revised constitution of Ethiopia declared
Ambharic as the only official language of the whole empire (Constitution, 1955, Article
125).The primary objective of having one official language was to secure the national unity
of the country. In this regard, Cohen (2005) notes that the assumption of the imperial
regime’s language policy was to produce national unity; it was necessary to have one
language, an assumption that was widely shared at the time. Moreover, the country could
make it impossible to try to develop all languages at equal footing due to lack of resources. In
the pursuit of having a common language for all its citizens, the linguistic rights of others
were not threatened in Ethiopia. They were allowed to use their languages for communication
although the indigenous languages were not used as media of instruction.

The Amharic language was the official language of Ethiopia for centuries even though
the ethnic affiliation of rulers might have been from any of the nation’s tribes. Etnic identity
was not the basis of conflict among regional lords in the imperial periods. For example,
during the imperial era, the struggle was expressed through continuous disputes between the
central king or emperor and the regional lords and princes (Bahru, 2002). This power
struggles between the central and the regional rulers changed from a struggle for territorial
expansion into a class struggle. Owing to this, the twentieth century Ethiopian elites,
participating in the All-Ethiopia Socialist Movement (MEISON) and the Ethiopian People’s
Revolutionary Party (EPRP), viewed the problems in Ethiopia as a result of class conflicts
and not as an outcome of struggles between ethnic groups (Aalen, 2002). Thus, any power
struggle during the former times barely used language as a political tool. It was selected for
its significance as a means of communication.

Despite this reality, the Tigray People’s Liberation Front (TPLF) leaders asserted that
the early 20th century students’ movement was a struggle among ethnic groups. In
disagreement with the allegation of the TPLF leaders, however, a number of scholars
teaching at the then Haile Selassie I University (HSIU) asserted that the reaction to the
massive oppression and exploitation of the people of Ethiopia appeared to be a class struggle
(Young, 2006). According to Gebru, the peasants rebelled against the state not particularly
because it was controlled and dominated by the Shoan Amhara, but primarily because it was
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oppressive (Gebru, 1977). It was in this context that ethnic politics emerged and divided the
country in various linguistic zones.

Statement of the problem

For the largest majority of Ethiopians, Amharic has been used as lingua franca
(Ronny, 2006; Bekalu, 2025). Thus, the 1994 Education and Training Policy designates
Ambharic as a language of countrywide communication (Article.3.5.4). The Constitution of
the Federal Democratic Republic of Ethiopia also affirms that Ambharic is the working
language of the Federal Government. Despite this, the 2023 Education and Training Policy is
decentralized in the sense that it allows regional states to select their second language at will
without reference to Amharic. Hence, there are concerns that this new move could break the
bond Ethiopians had for centuries. In a multilingual country like Ethiopia, a national or
working language alongside native mother tongues is the most significant determinant in
creating unity and efficient communication. In this regard, Okal (2014) stated that
multilingualism practice in education should embrace the indigenous, national/official and
foreign languages as equal partners in the language policy development and education.
However, this is not the case in Ethiopia; the federal language of the country, Amharic
language, which could play the role of official or national language, has not been given the
required status in the Education and Training Policy of 2023.

In view of this, the main objective of this article is to scrutinize the inconsistency
between the Constitution and the Education and Training Policy documents on language.
With regard to this theme, no one has made an inventory of the present Education Policy on
language. The problems and deficiencies of the new Education Policy and its failure to
address the critical aspects of teacher education provisions were highlighted by researchers.
Kidist and Gebrie (2024) noted that the Education Policy inadequately addresses the critical
aspects of teacher education provisions, and it is misaligned with the Ethiopian Education
Roadmap. However, the aforementioned study did not examine the language issue.
Accordingly, the present study tried to fill this gap and scrutinized the policy contradiction.

Methods

As stated above, the main objective of this article is to show the inconsistencies
between the Constitution and the Education and Training Policy issued in 2023. Due to this,
the method used in the study was qualitative, and document analysis was used as a data
collection instrument. A case study design which analyzed a particular case using secondary
data such as constitutional documents, policy documents and published articles was
employed. Data sources used in the study were the Constitutions of 1955 and 1994, the
Education and Training Policy of 2023, the Ethiopian Education Roadmap and published
articles.

Findings

This section points out the inconsistency between the Constitution and the Education
and Training Policy on language issues. Notably, the current government demonstrates a lack
of coherence in its policies. For example, the Constitution of the Federal Democratic
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Republic of Ethiopia, article five states that ‘Amharic shall be the working language of the
Federal Government” (Constitution, article 5, 1994, page 2). Needless to say, the Constitution
is the highest form of law in a country and all other laws, policies, and government actions
must follow the rules and principles laid out stated in the Constitution. In connection to this,
the Constitution itself states that the Constitution is the supreme law and any law, customary
practice or a decision of an organ of state or a public official which contravenes this
Constitution shall be of no effect (Constitution, Article 9). That is, any policy or government
action that contradicts the Constitution can be considered invalid. Cognizant of this, MoE
(2017) in the Ethiopian Education Development Roadmap recommends three language
policies; that is, mother tongue which is a medium of instruction in primary schools, Amharic
which is the federal working language and English which is considered as the language of
science and technology. The Roadmap also suggests starting teaching Amharic (Federal
working language) as a subject from early grade, considering Amharic as a federal language
because before the Prosperity Party came to power, the only federal language of the country
had been Amharic.

But after 2020, five federal languages (Amharic, Oromiffa, Tigrigna, Somaligna and
Afarigna) were introduced by the Council of Ministers (Getachew, 2020) which is against the
Constitution and it has not been endorsed by the House of Peoples’ Representatives (HoPR).
Following this, MoE (2023) in the Education and Training Policy of 2023 endorsed the
decisions of the Council of Ministers and states that, apart from the home language, an
additional language from the Federal Languages will be offered from grades 3 to 10, taking
into account the student's and parents' preferences, as determined by the educational structure
at each level (New Education Policy, 2023, Article 4:3). This article of the Education Policy
stands in sharp contrast to the Constitution and the Roadmap and it poses a significant threat
to the nation's unity.

Other than the second language, each regional state has its own vernacular, first
language being used as a medium of instruction for primary education. In addition to this,
each regional state has the right to choose a second language. Suppose the Somalia Regional
State decides to make Afan Oromo as a second language in its educational structure, it is
possible to go ahead with this interest. Similarly, let us assume that the Afar Regional State
opts to learn Somaligna as a second language in its educational structure. In a similar manner,
other regional states also take up a second language from the five federal languages
designated by the Council of Ministers. How could the various regional states communicate
to each other without having a national lingua franca, in our case Amharic? Reaffirming this
statement, Glanz (2012) stated that language policy that fosters linguistic diversity will lead
to fragmentation and conflict instead of national unity. In this regard, the World Bank (2006)
suggested that education policy development should be built upon a longer-term vision and
strategic principles. However, in Ethiopia, absence of a stable policy foundation has led to
enormous problems in the country.

Discussion

This section discusses the inconsistency between the Constitution and the
Education Policy in light of Amharic which is a lingua franca. Every education, economic,
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social and political policy or proclamation comes next to or under the Constitution and every
policy needs to follow and align with issues stated in the Constitution. However,
contradiction happened due to the fact that political decisions were not made by professionals
through conscious planning and consultation (Getachew & Derib, 2006). Furthering the
discussion, Ferguson (2012) stated that the choices made are often more informed by political
and ideological considerations than strictly educational ones. In the history of modern
education in Ethiopia, there has been a lack of sustainable education policy. Education
policies have been changed along with the change of governments making the country suffer
from policy inconsistency over time.

In the same fashion, education policies become instruments for the mission of
politicians. A case in point is the Ethiopic script. The Dergue regime decided to use Ethiopic
script for transcribing Afaan Oromo, Sidama, Wolayta and other languages because most of
them were unwritten until that time and the use of one script meant a united system of writing
(Zahotik & Wondwosen, 2009). However, any linguistic attempt that unifies the country has
never been encouraged and the government spread false narration that divided the nation.

The EPRDF regime made Afaan Oromoo, the language of the Oromo people, use the
Latin alphabet while Ethiopic script has been proved to be suitable to serve the same purpose
(Baye, 1992). Ethiopic letters or alphabet would have been more suitable to write Oromiffa
language instead of adoptingthe Latin alphabet from outside traditions. After mentioning the
advantages of using Ethiopic scripts, Baye (1992) stated that for a multi-lingual, under-
developed country like Ethiopia, it is uni-script and not multi-script that holds a clear
advantage. Adding multi-script to a multi-lingual society results in more problems. If we had
used Ethiopic letters to write Oromiffa, we would have saved time and paper. For example, a
book that would take 300 pages in Ethiopic letters takes some 700 pages on average if we
write it in Latin letters. We can have some samples below.

Milkaa’inni barnootaa amala barattootaan madaalama (45 letters)-

TPANAT NCTF AT9ANAFFT 998497 (21 letters)
Afaan faayidaa Aadaauummataa ibsa (30 letters)-

447 4 L8 G8L T+ A1) (14 letters)
Dhugaan yeroo mara mo ‘ataadha (25 letters) —

L.97% PP, 974,744 (11 letters)
Paartii Badhaadhiinaa (20 letters)- 741 118£4 (7 letters)

The act of using the Latin alphabet was made during the reign of TPLF. The leaders
of TPLF who learnt the principle of divide and rule from European colonists have propagated
the gospel of ethnic division (Alemante, 2003). As the Italians encouraged the expansion of
Islam as a better weapon for dividing Ethiopia (Ephraim 1971), the TPLF launched covert
and overt campaigns to encourage and strengthen division. In this regard, Matthew (2004)
asserted that the world cannot afford to ignore the hidden agenda of the TPLF any longer
because TPLF was abusing the international legal principles of democracy and self
determination in order to further their illegitimate aims. Upon receiving the TPLF’s legacy,
the Prosperity Party seems to intensify and promote particularistic interests (Bekalu, 2025).
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The phenomenon is evident across both educational and political policymaking
spheres. For example, national unity and cultural identity are not necessarily incompatible
educational goals, but struggles for ethnic dominance by the politicians put the societies as
polar opposites (Odugu, 2011). To stay in power, politicians appeal to sentiments of national
unity and ethnic identity. That is, political leaders capitalize on cultural identity and national
unity at different times to boost their popularity and influence and attract people they claim to
have come from. For example, the EPRDF elites adopted a renewed discourse of
‘Ethiopianness’ using historical symbols and myths used by previous regimes when they
mobilized the society for the Ethio-Ertrean war in 1998-2000; that is, EPRDF’s nationalism
and ethnic federalism articulations have been determined by specific circumstances (Bach,
2014). That is, national unity and cultural identity are frequently exploited by politicians for
their own benefit.

The use of one unifying language, Amharic, is advantageous to the ruling party when
seen from a neutralist perspective. In the first place, a language per se is not harmful to
anyone; it is rather vital to make ties between communities and people of any geographic
location. Most importantly, from a scientific perspective, no language can be said to have an
owner.

Nobody is born with a language and no one will die with a language. For example, if
one knows English, they use it with speakers of the language despite their other identities,
and the same applies to users of Amharic. Logically, a person cannot acquire all the 80+
languages spoken in Ethiopia, but one can use Amharic to communicate with people of other
linguistic background in Ethiopia. Amharic has nothing to do with those who speak it as a
mother tongue, and it was and still is a preferred national language due to its widespread use
among all Ethiopian ethnic groups (Ronny, 2006). Its role to serve as a bridge or unifying
language made it more preferable than others; preferable in terms of the services it provides,
rather than for any other practical or imagined reason. A person might hate Americans and
the Britons, but the significance of English as a universal lingua franca cannot be overlooked.
A language is neither less nor more than a spoon to eat or a pen to write. We have to know
and understand the demarcation between languages and their original speakers as well.
Having many speakers as a mother tongue does not enable a language to be an official or
national language; it needs to be spoken by diverse nationalities to serve as a common
language. Had this been the case, the Chinese language, Mandarin, which has over a billion
speakers only in China and neighboring countries like Taiwan would have been the language
of the world.

The implementation of a unifying national working language is therefore an
economically rational decision that can promote efficiency and growth while being consistent
with regional linguistic diversity. It can help reduce transactional and administrative costs
through seamless communication between entities in the market. A unifying working
language can promote labor mobility since all citizens can work anywhere in the country that
can promote internal trade through the unification of the domestic market. This in turn
promotes productivity through coordination and knowledge sharing at the national level.

Ethnocentric elites who have had soft hearts for an ethnic federal government system
have accused the imperial government of Ethiopia for using Amharic as the only official
language of the country(Aalen,2002). However, using one language policy that unified the
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country was being practiced in other parts of the world. In this regard, Batibo (2005) notes
that England, France and Spain adopted monolingual policies in their respective countries at
the expense of minority languages like Alsatian, Basque, Breton, Catalan, Cornish, Irish
Gaelic, Lorrainian, Scottish Gaelic, Welsh and others. Even liberal states and governments
have explicitly or implicitly assumed that linguistic minorities should accommodate the
majority language (Archibugi, 2005). Since that time, there has been a prevailing assumption
that “national cohesion” is possible only through a single common language (Spolsky &
Shohamy, 2000).

This view is widespread in both Western and Eastern Europe (Michael, 2007; Jong,
2011) and it was an idea shared by former Ethiopian governments. Owing to this, the then
national language Ambharic served as a platform for social solidarity and the revised
constitution of Ethiopia declared Amharic as the only official language of the whole empire
(Constitution, 1955, Article 125). The primary objective of having one national or official
language was to secure the national unity of the country. In this regard, Cohen (2005) notes
that the assumption of the imperial regime’s language policy was to produce national unity; it
was necessary to have one language, an assumption that was widely shared. Moreover, the
country could not make it possible to try to develop all languages at equal footing due to lack
of resources although there was no lack of political willingness on the part of the imperial
regime.

Arguably, it is too costly to make many languages national, even the developed
countries cannot afford it. For example, Canada has only two official languages (English and
French); India has only two official languages (Hindi and English); Belgium has only three
official languages (Dutch, French and German). If multilingual developed countries limit
themselves to two or three official or working languages, how can Ethiopia afford the cost of
adopting many official or working languages? It is paradoxical that a country struggling with
hunger spends such a large amount of money on language issues. This is because
ethnocentric politicians often see language diversity as a means to gain political power, and
they disregard the costs involved, because political power is their ultimate source of
influence. The choice of national languages in Tanzania, Hong Kong, Malaysia and
Singapore show how, apart from political and cultural considerations, economics is also a key
consideration (Minister of Public Works & Government Services Canada, 1995).

Another commonly held misconception pertaining to mother tongue education is the
act of using many languages as medium of instruction. Although education in mother tongue
is the order of the day and is also proposed by international organizations like UNESCO, the
organization further recommended the use of national and official languages from languages
which have wider communicative reach, along with some global languages (UNESCO, 2003;
Singh et al., 2012). In Ethiopia, there are more than twenty languages which are used as
media of instruction and state funding allocated to medium of instruction is a huge amount.
There is a substantial body of academic research about mother tongue-based multilingual
education. Many people hold the belief that introducing mother tongue-based multilingual
education will be too expensive and yet, costs need to be compared to the benefits (Glanz,
2012). Similarly, Mtenje (2012) noted that multilingual education is very expensive since it
requires the development and use of an enormous amount of materials in several languages.
In terms of maintaining national cohesion, Kioko (2012) stated that a number of key
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politicians view the encouragement of multilingualism as being a divisive force because they
think that national unity is to be achieved through the use of one national or official language,
and they view Kiswahili in Tanzania as a case in point, which, as a national language, has
united the nation. If many languages are media of instruction, the situation could risk tearing
the country apart.

The other controversial issue in introducing many media of instruction in a
multilingual society is the choice of the language. Batibo (2005) stated that the number of
speakers may not be the only criterion and it is difficult to decide which languages to promote
and which to leave out. The language to be chosen can be an extremely difficult decision to
make especially in multilingual societies where many languages still have no script
(Kirkpatrick, 2012). Amharic is eligible to meet the requirements of Batibo and Kirkpatrick.
All languages in sub-Saharan Africa, except Amharic and Tigrigna that have used Ethiopic
script, did not have their own scripts. That means many languages in Africa have not beent
used as instruments for the preservation of cultural heritage. Although languages spoken do
not necessarily justify their inclusion in the school curriculum, Amharic is exceptional, as a
lingua franca. Amharic using indigenous Ethiopic script is standardized and developed, and it
has been serving as the medium of instruction in Ethiopia before the introduction of ethnic
federalism in Ethiopia in 1991.

Ambharic has been strong because it is grounded on social, economic and political
institutions and it needs to be the medium of instruction in Ethiopia apart from being a
unifying language. According to Wiley and Dwyer (1980) and Abdulaziz (2003) as cited in
Nkolola-Wakumelo (2012), the choice of a language as a medium of instruction revolves
around four main factors: the degree to which a language is spoken and readily understood by
most of the people, level of the development of the language (the existence of an
orthography, the availability of human and material resources necessary for the teaching of
the language) and the political, cultural and social importance of the language. The Amharic
language is able to fulfill all these criteria. That is why, urban populations from all language
backgrounds demonstrate a marked tendency to shift to Amharic, often losing the language
spoken by their parents (Cohen, 2005).

This happens because Amharic transcends tribal boundaries and is spoken by people
of all tribes and is used in every walk of life. The strong position of the Amharic language in
Ethiopia is uncontested. That is why Amharic has become the language of the Federal
Government of Ethiopia. This was made due to the historical fact that Amharic has been used
as an official and national language. Some Oromo political elites expect Amharic to recede
gradually as Afan Oromo takes its position as the national language (Bekalu, 2025). This,
perhaps, is a naive take of the genesis of a language to become an official language; it needs
centuries and has to get the willingness of stakeholders, but by no means does it need
coercion and military force. Languages do not evolve overnight; they take ages to take root.

Despite this Education Policy that fractures national unity, people continue to use
Ambharic since they need to uphold their unity. Due to the historical legacy of the language
that has been used as an official language by previous regimes, Amharic has been spoken
mainly for instrumental and pragmatic reasons. Furthering the discussion, Cohen (2005)
stated that the Amharic language was the only vehicle for accessing wider economic and
educational opportunities in the Ethiopian State. To some extent, this is still true as the
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hegemonic societal position of Amharic remains unassailable, even though, since 1991, other
Ethiopian languages have been employed for official purposes, including primary education.

After the introduction of ethnic federalism, the political struggles over ethnic
dominance have hinderded Ethiopiansfrom having a common linguistic basis which is
indispensable for national unity. Criticizing this situation, Cohen (2005) further stated that the
potential positive impact of strengthening one national language for communication has not
been recognized. The contradictory policy documents exacerbate the situation which is
against public expectation and we need to refute such an anomalistic policy from taking roots
in the system.

Conclusion

The article was intended to show an inconsistency existing in the document of the
Education Policy and the Constitution. Since 2020, the Council of Ministers embraced five
federal working languages, namely Amharic, Afan Oromo, Tigrigna, Somali, and Afar; a
move that is contrary to the Constitution and without the approval of the House of Peoples'
Representatives (HOPR). Subsequently, the Ministry of Education [MoE] (2023), in the 2023
Education and Training Policy, approved the Council's suggestion that, besides the mother
language, students will be given another one of the above stated federal working languages
from grade 3 to gradel0 on the basis of students’ and parents’ needs as ascertained by the
education system at each level (New Education Policy, 2023, Article 4:3). This amendment is
a clear contradiction to the Constitution and the Education Roadmap, and poses a serious
threat to national unity.

With the exception of a second language, each regional state uses its own first or
mother language as a language of instruction for elementary education. Secondly, each
regional state is given a mandate to choose one additional language from the five federal
languages. For instance, if region ‘X’ decides to use language ‘A’ as a second language in its
education system, it is completely within its right to make such a decision. In the same way,
if region <Y’ decides to use language ‘B’ as a second language in its education system, it is
equally within its right to make such a decision. In this way, the regional states are able to
choose from the five working languages recommended by the Council of Ministers.
However, how do regional states communicate with one another as a nation? How can cross-
regional communication effectively be maintained without a common national lingua franca
such as Amharic?

Recommendation

Adopting a common language—such as Amharic—as a unifying language would be
beneficial not only for the masses but also for the ruling political party, if the purpose and
function of languages are grasped sincerely. Language itself is not anything that is
detrimental to any given community; rather, it is a potent tool to bring bonding,
communication, and unity among communities of different linguistic backgrounds.

All educational, economic, social, and political policies and announcements must be
subservient to the Constitution and harmonious with its provisions. Therefore, any education
policy contrary to constitutional principles must be critically assessed and questioned before
institutionalization.
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Abstract
The integration of information and communication technologies (ICTs) in education is ARTICLE HISTORY
widely acknowledged, but research on its use by teacher educators, particularly in Received: November 3, 2024
Biology, remains limited. This study investigated how teacher educators (TEs) in ,Zbgggpted: 15 December,
Ethiopian colleges of teacher education utilized ICT in the teaching-learning process,
alongside the challenges they encountered. Employing a mixed-methods approach,
data were collected through questionnaires with 50 purposively selected TEs and semi- KEYWORDS
structured interviews were conducted with 18 teacher educators from three colleges. ﬁ]'t‘;'or%oghgg‘::c?ﬁ;; IcT
The findings revealed that 83% of the participants believed that certain complex Cha?acteris’tics; Teacher
biological concepts could not be adequately taught without the help of ICT. However, Educators
14% to 42% of the participants admitted that they rarely or never used key tools such
as LCD projectors and advanced software in their teaching. Significant differences in
ICT usage were associated with age, F (2, 49) = 3.44, p = .040, n? = .12, and with
teaching experience, F (2, 49) = 4.19, p = .021, n?> = .16. Major challenges included
insufficient pedagogical support, inadequate training, and limited access to devices.
The study advocates for targeted interventions to empower TES; enhancing technology
integration is vital for advancing education in developing countries like Ethiopia.

Introduction

Rapid technological breakthroughs have brought about a number of changes in the
social and economic lives of many individuals worldwide. It is increasingly important for
nations to not only adapt to these changes more readily but also to create and develop
equipment, systems, structures, policies, and resources that will allow them to stay relevant
(Reno & Sari, 2020). Moreover, these advancements presented increased pressure on
universities, businesses, governments, and students and which forced them to turn to ICT to
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provide modern solutions to modern challenges (Akah et al., 2022). Using ICT in the
processes of teaching and learning within educational institutions empowers both educators
and learners. Notably, it helps students get ready to live in a culture that values information.
It also acts as a catalyst for improvements in teaching methods, student outcomes, and
educational quality (Alemu, 2015; Lawrence, 2018). Higher education is crucial for
enhancing lifelong learning and reflecting modern learning environments. As a result, they
have to use ICT to equip students with the knowledge and skills needed for success in the
digital age.

Studies across many African countries indicate that ICT resources in higher education
are underutilized, with instructors often hesitant to integrate them into their teaching (Salam
et al., 2018; Sutter & Kihara, 2019; Tekleselase, 2019). In Ethiopia, while ICT is seen as vital
for national development and educational progress, research shows that schools fail to
effectively use it to enhance instruction. Technical and administrative challenges have
hindered ICT adoption, reducing its potential benefits. A lack of commitment from school
administrations and poor ICT policy implementation further exacerbate the ICT
underutilization issue (Ministry of Education [MoE], 2022; Yizengaw & Nigussie, 2023).

Moreover, teachers' perceptions of ICT's role in the classroom and their self-assessed
ICT competencies significantly influence their willingness and ability to integrate technology
into teaching in these nations (Arkorful et al., 2021; Rubach & Lazarides, 2021).
Understanding these psychological and cognitive barriers is crucial for improving ICT
utilization in education and shaping its effective use to facilitate instruction. In Ethiopia's
teacher education programs, there's a recognized need for prospective teachers to develop
21st-century skills, including digital literacy and the integration of indigenous knowledge.
Despite improvements in curriculum and ICT infrastructure, ICT utilization by teacher
educators and prospective teachers remains limited, partly due to persistent challenges (MoE,
2022). Studying ICT integration in Biology education is crucial to optimize technology use
and meet curriculum goals, which emphasize science and ICT as tools for fostering creativity
and problem-solving skills in prospective teachers.

Indeed, studies on the use of ICT in Ethiopian education have been intense in primary
and secondary schools and universities. However, little attention is paid to investigate
colleges' educational perspectives and TEs. Furthermore, these studies concentrate on non-
biological fields that contain complex and abstract concepts. Since teacher education has
faced an urgent need to boost the new teachers' capacity to implement new teaching methods
and use ICTs for the teaching-learning process, a more thorough study is needed to analyze
TES' ICT utilization and related challenges.

This study therefore examines the extent and nature of ICT use among Biology TEs in
selected Ethiopian colleges of teacher education and identifies the individual and institutional
challenges influencing integration. This is particularly relevant, as no research has
specifically addressed the barriers to utilizing ICTs in the selected colleges of teacher
education in Ethiopia, despite the country's renewed emphasis on ICT to enhance science
education. Additionally, considering the study's primary focus on TEs, assumptions were
made about how their personal characteristics (such as age and teaching experience) would
affect their ICT integration practices, based on the ongoing literature debate on the subject
(Hong, 2016; Kollia et al., 2020; Murithi & Yoo, 2021). The specific research questions that
this study intended to address were the following:
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e To what extent do teacher educators (TEs) use ICTs in the teaching-learning process
of Biology?

e s there a statistically significant difference in ICT integration practices among
Biology TEs based on their age and teaching experience?

e What are the challenges faced by Biology TEs in the integration of ICT into teaching
and learning practices?

Figure 1
Conceptual Framework of the Study

Independent Variables Dependent Variables
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The conceptual framework of the study illustrates the relationships among
institutional challenges, individual-level challenges, and ICT integration practices, while
considering moderating factors such as age and teaching experience. In this framework, ICT
integration practices represent the dependent variable, reflecting the extent to which TEs
effectively utilize ICT tools in teaching and learning. This includes both hardware and
software components aimed at facilitating and improving student learning. Overall, it
encompasses searching for supplementary materials online, using email and managing
student information, and utilizing technology as a method of demonstration and an interactive
teaching approach in the classroom. This definition aligns with the framework presented by
Mama and Hennessy (2013).

The institutional challenges, such as inadequate infrastructure, limited access to
digital resources, poor technical support, and insufficient administrative encouragement,
serve as independent variables that can either hinder or facilitate ICT integration. Likewise,
individual-level challenges, including limited digital competence, negative attitudes toward
technology, and resistance to change, also act as independent variables influencing how
teachers adopt and implement ICT in their instructional practices.

According to Ali et al. (2018), institutional characteristic challenges are
characteristics that have a systematic impact on ICT adoption within an institution but are not
directly related to individual users. For example, the institutional ICT plan describes the
institution's basic philosophy and aims at ICT integration processes. It comprises precise
technical and infrastructure specifications, as well as methodologies for program
implementation, monitoring, and evaluation.

Teachers require professional development to acquire ICT skills and a positive
mindset when new technology tools and pedagogies emerge. As a result, ICT integration

24



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Adane S. et al.

requires institutional technical and pedagogical support from specialized persons with
expertise in technology instruction. Timely support is essential for overcoming technological
problems and inspiring instructors to implement ICT. According to Rizana et al. (2020),
without sufficient support, instructors may be unwilling to deploy technology due to the risk
of failure. This emphasizes the need of having a productive and successful ICT support
infrastructure in higher education. However, inadequate assistance is frequently highlighted
as a barrier to ICT adoption. In addition, the accessibility of the ICT infrastructure of the
institutions is among the major challenges of ICT usage in the teaching-learning process in
developing nations (Tekleselase, 2019).

The individual-level challenges refer to TEs’ qualities in our framework, taking into
account their digital mindset and digital proficiency. Attitude indicates an instructor's
inclination to employ ICT in the classroom. Teachers with a good attitude about technology
are more inclined to include it in their instruction. Several studies back this up, suggesting
that instructors' views regarding ICT pose substantial barriers to its usage in instruction
(Sutter & Kihara, 2019; Ngao et al., 2022). Similarly, ICT proficiency, the knowledge and
abilities of teachers in integrating ICT into the process of teaching and learning, is an
important component. Many educators have little exposure to technology tools in the
classroom, which can lead to a lack of ICT competency.

Furthermore, moderating variables—particularly age and teaching experience—are
anticipated to shape both the magnitude and direction of these relationships. Prior empirical
research indicates that individual characteristics such as age, gender, teaching experience, and
ICT competence significantly affect technology integration by shaping teachers’ attitudes,
self-confidence, and preparedness to use digital tools (Gebhardt et al., 2019). Evidence
suggests that younger teachers tend to be more flexible and open to adopting ICT, whereas
more experienced educators demonstrate more effective technology integration when
sufficient training and institutional support are available (Almerich et al., 2024). In line with
these findings, Basargekar and Singhavi (2017) identified significant variations in teachers’
perceptions of ICT across age and experience groups, while Kollia et al. (2020) reported that
older and more experienced teachers were generally less willing to adopt ICT, often due to
negative perceptions and resistance to change.

Methods

A mixed research approach with concurrent embedded design was used in this study
for its suitability to examine ICT integration practices of TEs and challenges they faced
(Creswell, 2014). The embedded method typically focuses on a secondary research question
or a specific subtopic related to the broader study. In this case, the dominant method was
quantitative, with qualitative data embedded to provide deeper insights. Key qualitative
questions were incorporated and analyzed to complement and support the primary
quantitative findings. Using this design, the study aimed to investigate TES' practice and
challenges for incorporating ICT into the instructional practices of Biology education in
selected colleges of teacher education in Ethiopia. Doing this helps to gain insight into
generalizing a situation and investigate significant variations among the respondents in their
ICT integration practices based on their age and teaching experience.
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The study was conducted in three Colleges of Teacher Education located in two
regional states in Ethiopia: Arba Minch and Dilla in the South Ethiopia Regional State and
Hosanna in the Central Ethiopia Regional State, which were purposefully selected to ensure
the inclusion of diverse institutional contexts and representative experiences in ICT
integration within biology education. These colleges differ in terms of infrastructure
development, ICT resource availability, and institutional support systems, providing a range
of environments that help capture variations in the challenges and practices of ICT
integration. Selecting these institutions was therefore guided not by convenience, but by the
need to obtain contextually rich and comparable data that reflect the broader realities of
teacher education settings in these regions. This purposive selection enhances the relevance,
depth, and representativeness of the findings, enabling a more nuanced understanding of how
institutional and individual factors influence ICT integration across different teacher
education contexts.

These colleges collectively host a total of 50 Biology TEs. Since the total number of
participants in the target group was small and manageable, the study included the entire
accessible population rather than selecting a sample. This approach ensured comprehensive
data collection and eliminated sampling error that might arise from excluding potential
participants. This approach focuses on the complex practices and challenges of ICT
integration in teacher education across three selected colleges, allowing for a thorough
exploration of individual experiences and the nuanced variances influenced by factors such as
age and teaching experience. This method offers a richer understanding than larger,
randomized samples might provide, all while maintaining a practical and focused scope for
rigorous analysis.

The demographic data shows a significant gender disparity, with 84% of participants
being male and 16% female. Age distribution reveals that 24% are aged 20-30, 48% are 31-
40, and 28% are 41-50 years old. These age categories were used to represent distinct career
stages commonly recognized in educational research—early-career, mid-career, and late-
career TEs. These categories also align with generational differences in digital exposure and
are therefore analytically appropriate for examining variations in ICT usage. The majority
have substantial teaching experience: 36% with 11-20 years and 34% with 21-30 years,
indicating that nearly 70% have over a decade in the field. In terms of academic
qualifications, 24% hold a first degree, while the remaining participants have master’s
degrees. The study also includes insights from six TEs, six college vice deans, and six
department heads from the ICT and biology departments across three colleges purposefully,
providing valuable perspectives for the research. They were three females and fifteen males,
aged 28 to 55 years, with teaching experience ranging from 10 to 30 years.

Data collection involved semi-structured interviews and a two-section questionnaire.

The first section of the questionnaire captured demographic information, while the second
used five-point Likert scale questions to assess TEs' ICT usage in teaching and the challenges
they faced. The questionnaire included a mix of closed and open-ended questions, with most
items carefully adapted from previous studies (Baguma & Vandeyar, 2018; Nzika, 2019) to
reflect the specific context of this study. The questionnaire was pilot-tested to ensure
reliability and validity. Internal consistency, measured by Cronbach's alpha, was assessed
twice: during the pilot and after final data collection. According to Taber (2018), a
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Cronbach's alpha of 0.7 to 0.8 is considered adequate. The results showed strong internal
consistency, with reliability coefficients for all constructs (extent of ICT use (EICTU),
institutional challenges of ICT (ICICT), and individual-level challenges (ILCs)) exceeding
0.7. For the qualitative aspects of the study, several strategies were used to ensure
trustworthiness. Member checking was conducted by sharing interview summaries with
participants to verify accuracy. Peer debriefing sessions were held with a colleague
experienced in qualitative methods to review coding and emerging themes. Although the
principal investigator was the sole coder, a clear coding framework and iterative coding
process were applied to enhance inter-coder consistency. An audit trail documenting coding
decisions, analytic memos, and theme development was maintained to support reliability.

The survey was pilot tested on eighteen biology TEs at Hawassa College of Teacher
Education, which resulted in the rewording and elimination of some items from the survey. In
this study, both content and face validity were evaluated through peer review. Two experts
from the Department of Curriculum and Instructional Supervision from Hawassa University
and Bahir Dar University reviewed the survey instruments based on the extent to which the
instrument effectively captures the concept under study and how well the questionnaire items
are understood and accepted, respectively. Once the face validity and content of the
instruments were assessed, the exploratory factor analysis (EFA) statistical method was used
to examine the construct validity (Tondeur et al., 2018). A specific type of construct validity
determined through factor analysis is factorial validity, which examines how questionnaire
items group together based on correlations in responses and can be assessed by evaluating the
logical coherence of items within each factor. Hence, EFA using Principal Axis Factoring
(PAF) with Varimax rotation was conducted to examine the structure of the scales, and the
EFA of all the scales confirmed the factorial validity, and the results are discussed under the
result section.

A questionnaire was administered after obtaining approval from Hawassa University,
Ethiopia, and based on permission granted by the respective sampled colleges. Following
this, all subjects provided unambiguous verbal and written consent. The investigators
provided participants with orientation regarding the purpose of the instruments to ensure they
felt comfortable. Afterwards, the researchers physically collected the completed
questionnaires from each respondent.

Subsequently, the principal investigator conducted eighteen in-depth interviews, using
a blend of general and specific questions primarily derived from the subscales of the survey
questionnaire to gather comprehensive insights. Each session began with a general interview
to collect background information about the participants. This was followed by targeted
questions exploring their experiences with ICT use in biology education, specifically
examining the instructional practices they adopt and the individual and institutional
challenges they face. Six TEs were interviewed for their direct experiences integrating ICT in
teaching were the main focuses. We also interviewed college vice deans and department
heads from biology and ICT departments to understand broader, institution-wide challenges
that impact the integration of ICT. This approach allowed us to capture a holistic view of ICT
usage in biology education, from the classroom to the institutional level. To ensure
confidentiality, each participant was assigned an anonymous code. The codes used were TE
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for teacher educators, VD for vice deans, DHB for department heads of Biology, and DHI for
department heads of ICT.

During the data collection process, a number of measures were taken to reduce
interviewer bias. Initially, we employed a semi-structured interview guide to guarantee
uniformity in the questions posed to each participant. Second, in order to avoid influencing
participants' answers, we kept a neutral tone and refrained from sharing personal thoughts or
feelings during interviews. Third, in order to improve familiarity with the questions and
minimize unintentional cues, we rehearsed the interview protocol before data collection. To
guarantee accuracy and prevent subjective interpretation, every interview was audio recorded
and verbatim transcribed. Lastly, in order to recognize and control any potential biases that
might emerge during the interviews, reflexive notes were maintained throughout the process.

Here are a few samples of the questions we asked: Would you like to share your
experience with the extent of integrating ICT in biology education? What individual and
institutional challenges do you face in integrating ICT into your teaching and learning
process? Do you have a personal ICT integration plan that you follow? And why do you do
s0? Interviews were conducted at participants' selected location and time, lasting 25-45
minutes each. All interviews were audio recorded.

The data collected were used to establish the instrument’s psychometric properties
(factor structure, internal consistency reliability, and discriminant validity) first. To examine
TEs’ ICT usage and the challenges they face, descriptive statistics such as frequencies (F),
percentages (%), means (M), and standard deviations (SD) were computed. A one-sample t-
test was performed to determine whether TEs’ ICT integration exceeded the neutral midpoint
of the scale. One-way analysis of variance (ANOVA) was used with SPSS version 24
software to assess statistically significant differences in TEs' extent of ICT utilization in the
teaching-learning process based on personal factors. Moreover, to ascertain the extent of
differences, effect sizes were calculated using eta squared (1?).

The assumptions for ANOVA were checked using tests of normality and homogeneity
of variance. The Shapiro-Wilk results for all age groups and ICT experience categories
showed p-values greater than .05, indicating that the distribution of ICT practice scores did
not significantly deviate from normality. In addition, Levene’s Test for homogeneity of
variances produced a non-significant result (p = .151 > .05), showing that the variances
across groups were equal. Therefore, both the normality and homogeneity assumptions were
satisfied, and it was appropriate to proceed with the standard one-way ANOVA.

Thematic analysis of the interview data was conducted to explore TEs’ ICT integration
practices and challenges. To ensure confidentiality, each participant was assigned an
anonymous code. The codes ‘TE1’ to ‘TE6’ were used for the six TEs, ‘VD’ for the vice
deans, and ‘DHI’ and ‘DHB’ for the department heads of ICT and Biology, respectively.
Following Braun and Clarke (2012) six-step process, the analysis involved immersing in the
data, generating initial codes, identifying and reviewing themes, and naming them,
culminating in a comprehensive report. Although various qualitative data analysis software’s
are available, the textual data was manually coded using Microsoft Word's "comments"
feature for a meticulous and hands-on approach. Verbatim transcriptions of the text data from
the individual interviews were made, and a preliminary examination provided an overview.
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Codes were then determined based on research questions, leading to the creation of
predefined core topics and subthemes.

To streamline the coding process, subthemes and code categories were distinguished
using color-coding. For instance, within the broader category of challenges in ICT
integration, institutional and individual-level challenges faced by TEs were identified as
subthemes. Following these, thematic analysis was conducted to present the findings
comprehensively. During this process, the authors reviewed the generated codes, identified
areas of likeness, and combined them. Finally, the data is narrated, forming the basis for
discussions, conclusions, and recommendations. The following are examples of the specific
actions we took during this process.

Table 1

A Thematic Organization of the Individual Level Challenges of ICT Integration

Interviewer’s Questions

Participants’ Response

Initial Code

Would you like to share your
experience with the extent of
integrating ICT in biology
education?

What individual and
institutional challenges do
you face in integrating ICT
into your teaching and
learning process?

Do you have a personal ICT
integration plan that you
follow? And why do you do
S0?

| realize that many advanced ICT tools are
available, but I feel the need to build my skills
gradually. Starting with simpler tools helps me
integrate technology into my teaching without
feeling overwhelmed.

Many of us focus more on the technology itself
rather on how it supports specific learning
objectives and teaching strategies. | find it
challenging to create lesson plans that fully leverage
ICT to accommodate different learning styles; it
costs me time, making me less confident in
effectively integrating it.

I don't have a personal computer and rely on the
library's institutional computers, and | always
prepare my teaching notes using office desktops,
which are often in high demand... Besides,
unreliable internet access has also affected my
teaching practices negatively.

Although I'm skilled with my preferred software, |
rely on printed materials because I'm not confident
in integrating advanced ICT tools like digital

videos, graphics, and simulations into my teaching.

While | don't have a formal ICT integration plan
that I follow, I believe that technology should
enhance the learning experience without being
rigidly structured, so | use it flexibly, incorporating
it when it adds real value to my teaching, allowing
me to stay responsive and adapt technology to fit
naturally into each lesson.

Lack of digital skills to
use advanced ICT tools

Lack of confidence in
pedagogical knowledge
Lack of time to prepare
ICT integrated lessons
Lack of confidence to
integrate ICTs

Lack of access to a
personal ICT tools

Lack of Internet access

Lack of digital skills to
use advanced ICT tools

Lack of ICT integration
plan
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Figure 2
Themes Generated from Initial Coding
Initial Code Themes
Lack of digital skills to use advanced ICT tools
Lack of confidence to integrate ICTs Digital Skills and Confidence
Lack of confidence in pedagogical knowledge Pedagogical knowledge
Lack of ICT integration plan } Planning and Preparation
Lack of time to prepare ICT integrated lessons
Lack of access to a personal ICT tools Access to personal ICT tools
Lack of Internet access } Internet access

Following the creation of the themes, we moved on to the stage of theme assessment
and naming. In this stage, we went over every subject that had been developed in the earlier
stage and came up with a precise, clear final name for each one (Figure 3).

Figure 3
Final Names for Generated Themes
Initial Themes Final Themes
Digital Skills and Confidence » Digital Skills and knowledge
Pedagogical knowledge /
Planning and Preparation ) Planning and preparation

Access to personal ICT tools —) Access to personal ICT tools
Internet access/

To enhance the credibility of the findings, quantitative and qualitative data were
triangulated during the interpretation stage. The quantitative results from the survey were
compared with themes emerging from the interviews to identify convergence,
complementarity, or divergence.

Findings

Demographic Characteristics of the Respondents

The demographic data shows a significant gender disparity, with 84% of participants
being male and 16% female. Age distribution reveals that 24% are aged 20-30, 48% are 31-
40, and 28% are 41-50 years old. These age categories were used to represent distinct career
stages commonly recognized in educational research—early-career, mid-career, and late-
career TEs. These categories also align with generational differences in digital exposure and
are therefore analytically appropriate for examining variations in ICT usage. The majority
have substantial teaching experience: 36% with 11-20 years and 34% with 21-30 years,
indicating that nearly 70% have over a decade in the field. In terms of academic
qualifications, 24% hold a first degree, while the remaining participants have master’s
degrees. The study also includes insights from six TEs, six college vice deans, and six
department heads from the ICT and biology departments across three colleges purposefully,
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providing valuable perspectives for the research. They were three females and fifteen males,
aged 28 to 55 years, with teaching experience ranging from 10 to 30 years.

EFA Results for the Scales Measuring TEs’ Extent of ICT Use, Institutional ICT
Challenges, and Individual-Level Challenges

The exploratory factor analyses of the EICTU, ICICT, and ILCs scales confirmed their
factorial validity. The factorability of the seven EICTU items was assessed. The Kaiser—
Meyer—Olkin (KMO) measure of sampling adequacy was .748, and Bartlett’s Test of
Sphericity (BTS) (3*(21) = 100.61, p < .001) was significant, indicating that the data were
suitable for factor analysis. Two factors with eigenvalues greater than 1 emerged. The first
factor, with four items loading strongly (.528-.827), reflects Instructional ICT Integration,
capturing the use of presentation tools (e.g., PowerPoint, LCD projectors), data-processing
applications (e.g., Excel), and advanced instructional software (e.g., animations and
simulations). The second factor, with three items loading between .515 and .845, represents
ICT Use for Information Access and Communication, covering internet use for sourcing
information, the use of social media to communicate with pupils, and the use of personal
devices for lesson preparation. Together, these two factors suggest that TEs’ ICT integration
behaviors can be understood in terms of both instructional uses and communication/
information-access uses.

The KMO measure of sampling adequacy of the eight ICICT items was 0.76, and the
BTS was significant (¥ (28) = 134.5, p = 0.000), confirming the suitability of the data for
factor analysis. The scale had two factors with eigenvalues of 4.62 and 1.86, with four items
loading onto one factor and two items onto another, explaining 81.1% of the total variance.
The ILCs scale had a single factor with an eigenvalue of 4.35, representing 72.6% of the total
variance. The KMO measures of sampling adequacy were above 0.70, and BTS were
significant (y* (15) = 68.23, p = 0.000), indicating that the data met the assumptions for factor
analysis. All the communalities were also above 0.5, further supporting the factorial validity
of this scale, and no items were eliminated.

ICT Integration Practices of TEs’ in Biology

Our findings on the use of ICT in instruction fall into two categories, encompassing
both hardware and software tools that aided in boosting student engagement and streamlining
information management. For instance, TEs’use web browsers to source supplementary
materials, email for effective communication, and tools like LCD multimedia projectors and
Microsoft Word, Excel, and PowerPoint to deliver dynamic classroom demonstrations and
interactive teaching sessions.

We used a questionnaire that invites participants to evaluate how frequently they
incorporate various ICT tools into their favorite instructional activities. Responses were
measured on a Likert scale, where Never (N) = 1, Rarely (R) = 2, Sometimes (S) = 3, Often
(O) = 4, and Always (A) = 5. The results were then converted into percentages, reflecting the
extent of ICT usage in teaching and learning (Table 2).
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Table 2
Descriptive Statistics of TEs  Extent of ICT Use

Items % M SD

Internet/web browsers for sourcing information 0 14 36 32 18 354 0.95
Ms. excels/spreadsheet for analyzing 0 22 38 22 18 3.36 1.02
MS PowerPoint to prepare lessons 0 36 32 24 8 3.04 0.96
LCD multimedia projector for giving lectures 8 42 24 24 2 2.70 0.99
Advanced software (Animations/simulations) 26 34 20 16 4 2.38 1.15
2

Social media for sharing information (to communicate with 22 20 30 26 356 1.16
pupils and others)

Personal devices; laptops, etc. to prepare lessons 2 16 22 32 28 3.68 1.11
Grand Mean 3.17

According to Table 2, the predominant ICT tools TEs integrated into their instruction
(‘'Often' and 'Always") included preparing lessons using personal devices (60%), sharing
information with pupils and others via social media (56%), and sourcing information from the
internet and web browsers (50%). Other notable ICT tools included analyzing scores and
conducting various activities with MS Office Excel or Spreadsheet (40%), presenting lessons
using MS PowerPoint software (32%), delivering lectures with an LCD multimedia projector
(26%), and creating presentations with advanced software featuring animations or
simulations (2%).

The analysis has shown key insights into Biology TEs' use of advanced software.
Notably, 26% of TEs never use tools like animations or simulations, and 34% use them
rarely, indicating limited adoption of these technologies. Similarly, the use of LCD
multimedia projectors is low, with 8% never using them and 42% using them rarely.
Additionally, 36% of TEs rarely use MS PowerPoint for lesson preparation and presentations.
Overall, while a small number of TEs frequently use these ICT tools, the majority rely on
basic ICT tools only occasionally, highlighting significant potential for improving technology
integration.

Besides, a one-sample t-test was conducted to determine whether TEs’ ICT usage
(EICTU) differed significantly from the neutral midpoint of 3 (“Sometimes”). The mean
EICTU score (M = 3.17, SD = 0.71) was higher than the test value, but the difference was not
statistically significant, t(49) = 1.69, p = .098. These results indicate that TEs’ ICT usage is
not significantly above average, suggesting only a moderate level of ICT integration.

TEs’ ICT Integration Practices Based on Age

The difference of TEs' age on their ICT integration practices was investigated using a
one-way ANOVA, with participants divided into three age groups (20-30 years, 31-40 years,
and 41-50 years). The ANOVA revealed a statistically significant difference (F (2, 49) =
3.44, p = 0.04), and the effect size (? = 0.12) was moderate (Cohen, 2016). A subsequent
post hoc (Tukey's HSD) analysis identified a significant difference in mean scores of ICT
integration practices between TEs aged 31-40 years (M = 3.41, SD = 0.67) and those aged
41-50 years (M = 2.81, SD = 0.5). However, no significant difference was found between
TEs aged 31-40 years and those aged 20-30 years (M = 3.13, SD = 0.87).
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TEs’ ICT Integration Practices Based on Experience

A one-way ANOVA was performed to examine the effect of teachers' years of
experience (1-10 years, 11-20 years, and 21-30 years) on their use of ICT in biology teaching.
The results revealed a statistically significant difference in mean ICT integration scores
among the groups (F (2, 49) = 4.19, p = .021), with a large effect size (n? = 0.16) indicating
considerable variation in ICT use. Post-hoc analysis further highlighted a significant
difference between teachers with 11-20 years of experience (M = 3.53) and those with 21-30
years (M = 2.95). This advocates that TEs with less experience are more inclined to integrate
ICT into their teaching than their more experienced colleagues.

Overall, the quantitative results showed that only a small number of TEs frequently use
specific, mostly basic ICT tools, while the majority use them only occasionally. Our in-depth
qualitative exploration aimed to provide a comprehensive understanding and robust support
for the quantitative findings. The participants’ responses to their ICT integration practices are
given narratively as follows.

Preferred ICT Tools and Teaching approach

The study identified two main issues related to TEs' preferred ICT tools and their
preferred approach to the teaching process when discussing their experience with ICT use,
specifically, a reliance on basic tools and dependency on traditional methods. Notably, the
findings indicated that 67% of TEs who participated in the interviews reported relying
primarily on basic tools such as MS Word, Excel, and PowerPoint in their teaching—learning
process. Although they expressed frustration about not utilizing more dynamic features, they
continued to depend heavily on printed materials, underscoring a hesitation to fully adopt
ICT. Several TEs highlighted their reliance on basic ICT tools and their limited confidence
in using advanced features. For instance, one participant noted, “I efficiently source
information using web browsers, Microsoft Excel, and Microsoft Word but want to improve
my skills in using social media for sharing information and communicating with students”
(TE4). Similarly, another TE explained, “I always prepare PPT before the session, but I can’t
insert animations or simulations to capture learners’ attention” (TE3). This limited
competence led some participants to depend on traditional materials, as reflected by one
respondent who stated, “I primarily rely on printed materials for my lessons, as | am not yet
confident in utilizing many advanced features of ICT tools in my classroom” (TE1).

In addition, the qualitative findings also show 33% of participants expressed doubts
about ICT, questioning its superiority over traditional lectures and its effectiveness in
teaching biology. Similarly, when the participants were asked about their beliefs on whether
some challenging concepts in biology can be effectively taught without ICT, 17% responded
affirmatively, stating they believed it was possible. However, 83% of participants confidently
affirmed their belief that these could not be effectively taught without relying on ICT. Their
arguments are stated as follows:

In addition, the qualitative findings also show 33% of participants expressed doubts
about ICT, questioning its superiority over traditional lectures and its effectiveness in
teaching biology. Similarly, when the participants were asked about their beliefs on whether
some challenging concepts in biology can be effectively taught without ICT, 17% responded
affirmatively, stating they believed it was possible. However, 83% of participants confidently
affirmed their belief that these could not be effectively taught without relying on ICT. Some
TEs raised concerns about the potential negative effects of ICT on students’ learning

33



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Adane S. et al.

behaviors. For example, one participant cautioned that while ICT can support teaching, it
may also encourage student passivity and reduce critical thinking if overused, noting that
“easy online answers discourage deep thought” and emphasizing that “effective instruction
fostering critical thinking is vital regardless of ICT use” (TE1). This participant further
expressed a preference for traditional teaching methods, stating, “I believe ICT can distract
students if you simply display PowerPoint... I prefer using a chalkboard mostly for
teaching,” and added that preparing ICT-based lessons “costs me a lot of time” (TE1).

In contrast, another TE emphasized the hands-on nature of biology and the value of
experiential learning over technology-mediated instruction. As one TE explained, “Biology is
inherently a hands-on subject. Experiments, dissections, and fieldwork allow students to
engage directly with the material,” arguing that activities such as observing and dissecting
real specimens provide “a concrete understanding that screens cannot replicate” (TE6). This
participant also highlighted the importance of inquiry-based and independent investigations
that promote deeper understanding without heavy reliance on ICT.

Conversely, other participants viewed ICT as a powerful instructional tool,
particularly for explaining abstract biological processes. One TE noted that “many biological
processes, such as cellular respiration or photosynthesis, involve complex interactions that
are difficult to visualize,” and argued that ICT tools such as animations and simulations offer
“dynamic representations that help students grasp these concepts more effectively than static
images or text alone” (TE4).

Generally, both the quantitative and qualitative results indicate room for improvement in
integrating advanced technology into teaching practices at these colleges of teacher
education.

Challenges faced by TEs in integrating ICT

Institutional Level Challenges Table 3 presents responses to the survey that biology TEs
completed on institutional-level problems they run across when utilizing technology in the
classroom. The Likert scale responses allow for the measurement of the degree to which each
challenge is perceived by the participants.

As it is shown in Table 3, the vast majority of TEs (more than 60%) believe that
inadequate ICT tools in the library and laboratory, along with insufficient pedagogical
support, are the primary obstacles to effectively integrating ICT in their instruction.
Additionally, more than 55% of TEs highlight several other significant barriers: the absence
of a clear institutional ICT plan, slow internet connections, lack of classroom with the
necessary facilities, and insufficient in-service training opportunities. Similarly, the absence
of classrooms equipped with the necessary facilities (52%, M = 3.42) presents a significant
challenge. In comparison, a slightly smaller proportion of respondents (48%, M = 3.32)
indicated that inadequate maintenance of unused computers hampers ICT utilization in the
classroom. Conversely, only a small percentage of respondents disagree with the notion that
inadequate in-service training (18%), slow internet connections (18%), and a lack of a clear
institutional ICT plan (20%) are key challenges faced by TEs.
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Table 3
Institutional-level Challenges

Items % M SD
SD DA U A SA

Lack of a clear institutional ICT plan 8 12 22 38 20 3.50 1.18
Slow Internet connection for accessing resources 2 16 24 50 8 3.46 0.93
Inadequate ICT tools in the library and laboratory 4 22 14 50 10 3.40 1.06
Lack of classroom with the necessary facilities 0 28 16 26 30 3.58 1.19
Insufficient pedagogical support for TEs 0 24 14 32 30 3.68 1.15

Lack of maintenance for non-used computers 10 20 22 24 24 3.32 1.31
Frequent power failures or blackouts 12 18 18 20 32 3.42 1.41
Inadequate in-service training opportunities 2 16 26 28 28 3.64 1.12
Grand Mean 3.49 113

Note. SD=Strongly Disagree; DA=Disagree; U= Undecided; A=Agree; SA=Strongly Agree

Individual-Level Challenges

The grand mean score on the individual challenge scale is 3.08 with a standard
deviation of 1.25 (Table 4). This suggests that respondents have a strong impression of their
own individual characteristics and how these affect their ICT integration practices, in
addition to the institutional challenges.

Upon detailed analysis, it was found that the majority of TEs expressed a lack of
confidence in their pedagogical knowledge for integrating ICT into their instructional
activities. This sentiment is reflected in the mean score of 3.48, and 58% of the TEs agree
that they feel not confident in their pedagogical knowledge. Furthermore, many respondents
cited the lack of personal devices as the second most important challenge; with a mean score
of 3.38, 54% of TEs agree that they don’t have adequate personal devices. Similarly, a
considerable number of respondents (42%) agreed with insufficient confidence to integrate
ICTs into their teaching practices (M = 3.06) and lack of digital skills to use ICT effectively
42% of TEs (M =2.94).

Table 4

Individual Level Challenges of ICT Integration

Statements % M SD
SD DA U A SA
I don’t have necessary digital skills to use ICT in my 10 36 12 34 8 2.94 1.20
teaching effectively
I don’t have ICT integration plan 16 32 14 24 14 2.88 1.33

I don’t feel confident in my ability to integrate ICT intomy 20 12 26 26 16 3.06 1.36
teaching practices

I don’t have sufficient time to prepare ICT integrated 16 22 30 26 6 2.84 1.16
lessons

I am not confident in my pedagogical knowledge 10 14 18 34 24 3.48 1.28
I don’t have sufficient personal devices to integrate ICT 4 26 16 36 18 3.38 1.17
Grand Mean 3.08 1.25
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In contrast, a notable portion of respondents did not firmly agree that lack of ICT
integration plan and lack of time to prepare ICT-integrated lessons are major obstacles to
using ICT in their teaching-learning activities, with cumulative percentages of agreement of
respondents for these statements being 38% and 32%, respectively.

The quantitative results show that most TEs do not incorporate a variety of ICT tools,
including basic ones, into their instructional practices. The findings also highlight various
individual and institutional challenges that TEs perceive as obstacles to effective ICT
integration.

Similar to the quantitative result, the qualitative data from individual interviews
revealed critical institutional and individual-level challenges that TEs face when integrating
ICT into their instructional practices. The qualitative findings of this study reveal two main
themes underlying institutional-level challenges: infrastructure and resources, and
institutional ICT planning and support. From these themes, three critical challenges emerged,
consistently highlighted by all interviewees (100%) across the colleges involved in this study:
insufficient pedagogical support for teacher educators (TES), inadequate in-service training
opportunities, and lack of adequately equipped classrooms. Colleges lack structured guidance
and adequate resources to support TEs in delivering quality education, and limited access to
professional development constrains their ability to keep pace with contemporary educational
demands. Several participants emphasized that effective ICT integration requires both
pedagogical knowledge and technical competence; however, they reported insufficient
institutional support to develop these skills. For instance, one TE explained that although
efforts are made to incorporate ICT into classroom practice, the absence of formal training
creates uncertainty about whether ICT is being used appropriately, noting that “official
training has never been conducted for TEs in our college” (TE1).

Institutional support for ICT integration was widely perceived as inadequate across all
participant groups. Similar to TE1, DHI3 acknowledged a lack of pedagogical guidance and
formal institutional training for incorporating ICT into teaching and learning. As the ICT
department head, DHI3 admitted that although ICT training sessions are planned annually,
none have been implemented to date. However, ICT support is generally provided informally
when staff experience challenges, suggesting the absence of organized and sustained
professional development initiatives.

This lack of institutional direction was consistently echoed by all participants,
including college deans, who unanimously reported the absence of a clearly defined and
operational ICT plan. While institutions reportedly possess ICT plans and allocated budgets,
participants emphasized that these plans lack concrete technical details, infrastructural
specifications, and clear mechanisms for implementation, monitoring, and evaluation. As a
result, progress in ICT integration remains limited and fragmented.

In addition to planning and training gaps, participants frequently cited infrastructural
constraints as a major institutional challenge. Issues such as limited access to ICT equipment,
slow internet connectivity, frequent power interruptions, and insufficient maintenance
services were repeatedly mentioned. Half of the TE interviewees indicated that the scarcity of
essential resources discourages them from integrating ICT into their teaching. For example,
several participants reported preparing digital instructional materials but being unable to use
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them in classrooms due to the limited availability of LCD projectors, forcing them to rely on
printed handouts instead.

Beyond institutional factors, the findings also revealed substantial individual-level
challenges that further hinder ICT integration. These challenges were grouped into three
major themes: digital skills and knowledge, access to personal ICT tools, and planning and
preparation. A large proportion of participants (83%) reported limitations in pedagogical
knowledge, confidence, and ICT integration skills, which affected their ability to align
technology use with instructional objectives. Many participants noted that they focused more
on operating technology than on designing ICT-supported pedagogical strategies, often
finding ICT-based lesson planning time-consuming and confidence-reducing.

Access to personal ICT tools also emerged as a significant barrier, with 83% of
participants reporting inadequate access to personal computers and reliable internet
connectivity. Some TEs relied heavily on shared institutional computers, which were often
unavailable due to high demand, further constraining lesson preparation and ICT use.

Finally, all participants acknowledged the absence of a structured personal ICT
integration plan, which they believed negatively influenced their teaching practices. While
some TEs reported using ICT flexibly and selectively based on perceived instructional value,
the lack of deliberate plans limited systematic and effective integration. Overall, participants’
responses underscore the combined impact of institutional and individual barriers and
highlight the urgent need for structured training, clear planning, and improved resource
provision to support meaningful ICT integration in teaching and learning.

Discussion

This study aimed to explore how TEs utilize ICT in their Biology teaching and how
their personal characteristics influence these practices. It also explored the challenges that
TEs face in integrating ICT in colleges of teacher education. The overall findings from the
quantitative and qualitative data revealed that TEs predominantly use specific ICT tools such
as web browsers, email, Microsoft Office, and social media in their teaching. The study
revealed an intriguing paradox: while the majority of TEs (83%) confidently believed that
ICT is essential for teaching challenging biology concepts, a significant number did not
translate this belief into practice. Between 14% and 42% of TEs reported that they use ICT
tools like LCD projectors and advanced software only occasionally, and 8% to 26% admitted
to never using them at all. Besides, one-sample t-test results indicate that TEs’ ICT usage is
not significantly above average, suggesting only a moderate level of ICT integration. This
gap underscores disconnects between their beliefs and classroom practices, pointing to
potential barriers to ICT adoption in teaching.

Studies show that positive ICT beliefs often enhance its use in education (Halim &
Sulaiman, 2020; Ngao et al., 2022). However, our findings align with Taimalu and Luik
(2019), revealing no significant link between TEs' ICT beliefs and their actual usage. In
addition, the limited use of advanced tools like animations, simulations, and specialized
software among many TEs aligns with findings from studies by Scherer et al. (2019), where a
significant portion of educators rarely or never engage with these resources. This suggests a
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missed opportunity to enhance lesson delivery and engagement through the use of more
dynamic presentation tools, which could potentially improve the learning experience.

Studies have shown that teachers tend to adopt technologies that are easy to use,
readily available, and perceived as beneficial for their instructional needs (Tondeur et al.,
2017). However, research suggests that the effective integration of ICTs, beyond just basic
tools, can enhance student engagement, improve learning outcomes, and promote higher-
order thinking skills (Dini et al., 2024). Therefore, the result of this study highlights the
importance of providing TEs with the necessary support, training, and resources to integrate a
wider range of ICT tools into their instructional activities in order to maximize the potential
benefits for student learning.

A one-way ANOVA shows a significant difference in ICT integration between TEs
aged 31-40 and those aged 41-50, with the younger group demonstrating higher integration
levels. The observed effect size (n* = 0.12) represents a moderate practical significance,
indicating that the difference between these age groups is educationally meaningful. This
suggests that age contributes appreciably to variations in ICT integration practices, with
early-career teachers being more open to new technologies while more experienced teachers
may be resistant or lack confidence and skills. Additionally, TEs with 11-20 years of
experience show higher ICT integration than those with 21-30 years with a large effect size
(m*> = 0.16), indicating considerable variation in ICT use, aligning with Tondeur et al. (2017)
on the complex relationship between experience and technology use. Moreover, the study's
findings indicate that older, more experienced teachers generally have less ICT usage. This
aligns with research by Bingimlas (2018), which identified age and experience as significant
factors in technology adoption and integration. Similarly, Basargekar and Singhavi (2017)
found notable differences in perceptions based on teachers' age and years of experience.
Kollia et al. (2020) also reported that older, more experienced instructors are less likely to
incorporate ICT due to negative perceptions and reluctance to change. However, Abidoye and
Adeyemi (2020) found that in Nigeria, Biology teachers' perceived ICT usage for
instructional activities did not significantly differ based on their teaching experience.

Unlike the finding of this study, Peng et al. (2023) suggests that experienced teachers
can be more effective at integrating ICT due to their deeper understanding of pedagogical
practices and their ability to leverage technology effectively. These variations in ICT
utilization by age and teaching experience underscore the importance of tailored professional
development programs that address the unique needs and contexts of TEs.

The findings of this study identified insufficient pedagogical support, inadequate in-
service training opportunities, lack of classrooms with the necessary facilities, and a lack of a
clear institutional ICT plan as key institutional-level challenges of TEs in confidently
integrating both basic and advanced ICT tools into their teaching process. These findings are
consistent with Ghavifekr and Rosdy's (2015) emphasis on the importance of professional
development programs for teachers to enhance their pedagogical skills in using ICT. Studies
by Bingimlas (2018) and Yizengaw and Nigussie (2023) identified lack of access to resources
as a major barrier to ICT integration. As Tondeur et al. (2017) note, the absence of a well-
defined institutional ICT plan is a great challenge. He highlighted the need for a clear, shared
vision and strategic planning for successful ICT integration in educational institutions.
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Whereas, lack of confidence in pedagogical knowledge, limited access to personal
devices, and insufficient digital skills and confidence are key individual level challenges.
Furthermore, the time-consuming nature of creating lessons and experimental tasks using ICT
and a preference for traditional teaching methods are found as barriers. This finding is in line
with a study by Taimalu and Luik (2019), who found that teachers' self-efficacy beliefs are
significant predictors of their ICT integration in teaching. This finding is also consistent with
Joshi and Khatiwada (2024), who identified lack of personal access to computers as a
significant barrier to ICT integration. Moreover, this result is consistent with Nzika (2019),
who observed that those lecturers' insufficient perceived ICT abilities hinder them from
effectively using educational technologies in teaching. Overall, the findings of this study
emphasize the need for tailoring professional development programs to the individual
requirements and settings of TEs at various career stages in order to achieve education goals
in developing countries such as Ethiopia in science courses like Biology.

Conclusion

The study concluded that most TEs primarily use basic ICT tools when teaching
biology, underutilizing more sophisticated ones which could help them to improve instruction
and student participation. The study discovered that, in comparison to their older and more
experienced peers, younger and less experienced TEs exhibit higher degrees of ICT
integration. Offering professional development programs specifically designed to meet the
requirements and circumstances of TEs at various career phases is crucial.

According to this study, main institutional-level challenges include insufficient
pedagogical support, inadequate in-service training, a lack of well-equipped classrooms, and
the absence of a clear institutional ICT plan. At the individual level, TEs struggle with
limited confidence in their pedagogical knowledge, access to personal devices, and digital
skills, as well as a preference for traditional teaching methods.

Given these conclusions, we recommend that teacher education colleges devote more
attention to the use of ICT for teaching and learning. They should provide comprehensive
support, training, and resources to enable TEs to effectively integrate a wider range of ICT
tools into their teaching, thereby maximizing the potential benefits for student learning and
engagement. TEs should also make excellent use of technology in their lessons in a way that
their prospective teachers can embrace the benefits of ICT in educational practices.

Limitations of the study

The study was limited to Biology TEs in three colleges of teacher education in
Ethiopia; this restricts the results’ generalizability beyond these specific institutions.
Therefore, future studies in this area should encompass a more diverse range of colleges and
TEs in other fields of study to gain broader insights into TEs ICT integration practices and
the challenges they encounter. Furthermore, TEs’ age and teaching experience were the only
demographic characteristics involved in this study. Future research should take into account
additional parameters.
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Abstract
This study examined the influence of teachers’ core instructional practices— ARTICLE HISTORY
planning, classroom management, and assessment—on early grade students’ Received: 10 June, 2025
reading achievement. Using correlational design, the study involved 160 Grade Accepted: 26 December, 2025
2 and Grade 3 students and 8 Amharic language teachers from Ewket Fana,
Dilchibo, Shimbit, and Teyima elementary schools in Bahir Dar during the 2025
school year. Data were collected through reading _tests,_ cla_ssroo_m observatic_ms, Instructional planning:
and document analysis, The data were analyzed using bivariate linear regression.  cjassroom management:
The results showed a significant positive association between teachers’ Assessment; Reading
instructional practices and students’ performance in letter-name identification, achievement
reading of familiar and nonsense words, oral reading fluency, and reading
comprehension. Planning practice (f = .721-.946, R? = .519-.896, p < .05),
classroom management (= .718-.794, R2 = .515-.630, p < .05), and assessment
practice (B = .714-.828, R? = .510-.685, p < .05) emerged as significant
predictors of reading achievement. However, teachers’ planning and assessment
practices were not significantly associated with students’ phonemic awareness (3
=.304-.608, R2 = .093-.370, p > .05). Overall, the findings indicate that, except
for phonemic awareness, teachers’ core instructional practices substantially
predict early grade reading achievement in the Amharic context.
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PaR+3+3T NSULP ITHN I PTAPHE T T PARIAL ATHU PENG FAFPF NU-ATR
PHIRUCT AL1%F Nht AT87% PATFAN: Cox (2024, p.3) NNMFAFE “PaRINN N4
papan/p a7y P MAY 1@ NTAT AINN PANST PR Ah+t dean e NC aeUPrY
7ARPA:: Cardenas (2024) A8 UrF AT NAD- P83 A GATR NPAX NTRITF SRI+-Ni
PRAE HOIT dPhNA PAAMPM®T NF NDAPT 79299 NAP@-AL ANhT PNt
P FAD ATNN NADLET Fhed ATRLPT PNLSA::

PMINN ANSMPPRT PALT AR dayC AR$T AT ATRUF NPTYH daowlt
N@MANT B8 AhYA Fhedt aAmT PhLAIA: 2UTT N+aRAh+ Hogenboom (2022,
p.11) “PALT $LI°F PRIE AJRRTF APME ANPFFFMD arw/t 10 ANT Kern and
Friedman (2009) £99° $L9°%+ AntT MEMG ANST PPRT AIAMTR APMer, PR PADA
APYIFP PAhLMT HARY ANT EMASALI NTAT £7ARK:: 2UT AN Li (2015, p. 2) “AL1T
NPAL TINA PARAMENT 1@ (“Earlier is Easier”) &A A NAMPAL NAREARLPPH
PREA £ZEPT ATIINN TN+ aPAMT P N+AT ATPAT mPRTF AhTI (U) 1RCAENAL
AZT ALLINT PATIA T &C EMINGAT ASRN ECT RAMEAT RUTR ATIAT N&EDIT
PENLA: NHUIR NAREARLPPE PRGN LLEPT (ALTT NPMPE ALTPT LAP) NPAN
NMg® MY ATNNPT MELD LFAAL (A) AN8TLPE 1RCALENA dP8N4G hdADyAM-
ANSM PP Nt AT8LMC PLCIAL () ATAMTRE $LI® N TINNGT ANSLP NNt
P1F AET N&N aotayany (AN ST ATRIT) BFAFPAD (AP) TINLPEI TRINLP
AHALFD PLIAI NULMPFFO a®hhA PATD M4NLP BLE h& LAAT (W) 272 7hi
NEIR4 PNART PPATE PAPNG-T PRALTT P+aINNT O@-$+T NA ARE T Ah dPaRC MAF
LU94 (EAES, 2022; Hogenboom, 2022; Kern & Friedman, 2009; Li, 2015):: NRP (2000):
Read M&E (2018) AS RTI International (2016) ?T373NN7T NAEtT PARayC Mmeay s
NtaeAnt NAL PN AANTFT APMTASLT AL AmICC TN dRaC hNE LUPTAL
NATRE B8 HIPUCT NAREAR/PPE Phgd BLEPTF NN NNe Ui P4 ABT
8@y NANT PAAIMT P ASATD D& PA AT RBUTYT 0L4 PATT 917 h&d paeggeg
TIRUCT PRI ALATD LEnTRLA

N@Ea/PPE PNGA LLEPT FNLF A LLANF @ PRI PO TINN AANPFI P191°1C
2929 91THN, (phonemic awareness)? FOIPC+-L PP 17HN, (graphophonemic awareness)?
APADE YN (reading fluency)® AT 0+t (vocabulary knowledge) AT AN d°Z8+
(reading comprehension) §F@® (NRP, 2000):: Lin (2001) ATHU AANPF NEMZ N&AT:
angnys.y PO P+reNF@G PO ADHTFMT MALT PARFF®Y P27 FTAF N+IRAN+
PO MLRTFD ATLULF 748 RAES (2018, p. 8) NNN-AFM®- “A9PN*F dRwW/FP PaRINA)
AANPT (“the big five of reading”) LATFPA:: ATHU AANPT ANNFT9 PN LT MAT
TFD-I AALT AN aPaC ARTIS MG PWF EhAK (Bower, 2017): AANPE Mt
AAD POPW/ 3P INAN-TBRE NYAT (literacy) TIRUCT AT NAPF NAREaRLP 248
FRUCT (NAETT HART) AR Frdt AAMF@ £7N4A (NRP, 2000)::
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PY99C £9RPF ATHNE $AT NTLINMCNT/NTALMSNT 1LH NENMFO PA AINTE
PIMPTY (EIPPFT) MMEARAT Yk ARADANTST NLICRF APIATA (E9RPFT dRIMAT
MManCT  +aRAACTY  ayaRARFT  dDYAM-TE APhNAT®-7G dRe/AMmy £9PH
@APT/A .+ MH+) a® FA 1M~ (EAES, 2022; Cox, 2024; George, 2023; Gump, 2024; Read
M&E, 2018; RTI International, 2016):: NRP (2000) N52 PS5+ ™Mt F AL AOA-TI+T
ANLLDT ARSTTT PY91°91C £978 1FHN NTIN+9C d = 0.53 — 0.86 P+205 M7 (effect
size) PAD Mt ATLHTTT AYA PORINN FAeFF@® HP+HE AULF ARTT 0AT F9RUCT
ATEUY AARANTPA:: FOTCC+H-LTPRP I THMN PLLA-ETPE AT TFIF 1M-:: P19191C & I°9FT
N&AéP FPAREFTFO DLI® LLAT Ié APAL TINN/MMit (decoding) 1@ (Cox,
2024; George, 2023; RAES, 2018):: NRP (2000) N38 mG$+ AL AOA-TI+5 ALCIM- 76%
amgnysy 2UTT AYA NN+ EFD- (ALAT NHLemed>t RAP) @Mt/ AD-D ATSTFHT
PO aOMrI® NEML N&A 248 +TLPTF AR h& PA aoUPry (effect size d= 0.44)
AOPANTPA

APADE TINNE ATLT &h& NN, &11T (rate)? NFhAA (accuracy) AT N+IN,
RTAAR (prosody) TN AR FA 101 APADE PTRINA PARERLA ) ATNN ABLEFT AD-T
meZe APTT 2U 9N AT8AN La9° N+LIJIM AFRIRL P+ PF N&MTF PARINA:
NtANAT NN ATAAR PATT PAPADLTF Fhod ATSENC ML PNLAJA (EAES, 2022;
Read M&E, 2018; RTI International, 2016):: AYA +MZPF NATE 4P I°F PUA PATT
NEDIFT NFNRAT NN, ATAAR T9INN FA? PAAMT 2a°ANFA (RAES, 2018):
NATEEPLPLT +MLPTF AL NtHhYL UICATE MTFT +MLPTF NATL Lo N&EMTTI
NFARAT NN ATAAR PARLLINFM $AT d=MC ARICC ATNN PAR/8F FihetFm-go
APLLT AL UYL +doANLA (Piper, 2010)::

PPAT 0P Fi ANNT NARIART ANNT NAPPNA LETF mPIR AL P MDA PATT
Nthnd MINNT &FFOT NtThhd a°APT a0 F4 1@ (EAES, 2022; RAES, 2018; Read
M&E, 2018; RTI International, 2016):: Cox (2024) A72M,AT9° MITM-T9° AhL ACR/8F
PPA INTT &F O@bF AT 10 PARTF PPAT O@-$T N& PA NPT (PAhST 90% $AT
Py P& NPT INFF@ 199CANA BUTAI PPA+T &F NPAA APAPT RFANI P+APR
PR A& HD-1FT ATNN PARL8F FhAe T P27 J4 (George, 2023; Goldberg , 2025):

ATNN a0/ 8FE NPAT NAZETIICE NATPRT NA™A K& 848 NIAZT NARAMNC
PPl Bhé PR AANTT AO+C9P7T D MR LADANFA (EAES, 2022; RAES, 2018; Read
M&E, 2018; RTI International, 2016;):: Cox (2024) A2 A+ AYA $LI° NAD- P+IAR
ALAT B9°C @MFT P TINN FIRUCT PARLLA 91 1@+ OMTG dBLEPFY NADAPT:
NA@+%+%T NMHNAATT N8LP OM-PF Ib APAL APLETT AD-T ATIL L LR AL 9P F-
panan it NpAPT PAIANT MmPE PAPMPPT 847 NAMASGPR AhS UEPTF I¢
PaRHaAR e-q PARAAA NChF TANT ALATT TENC PHL.AIA (George, 2023)::

A’yunin (2020) A9 Untailawan (2020) A78@@AN++ ATNN NARLSF YA AL +606F°
AR FADMPT NChF AUPFT NATHU da2hhd h+@ZPF Uit ATIRUCT hedNo-
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O-hE-hhe NACLT NANNNLP U1FPT I¢4 P+PPH +AD-MPF RM$AA: Francisco and
Celon (2020) A9 Karngbeae and Kennedy (2022) £o19® fangeys.y e+9RUCTY HAETS
A~/ (teachers’ instructional practices) MTNG +60F AL A +AD-M ATELT Bhé-Nd::
Sh&t APEHM-GRT PARgRyLy PPLADH9 ST POYN+MC YLFGT YL+IT M-Muk7
panqgege +oNLF NHTLPTF PINN Fhed AL @AY R8T ATEUF PNL8A:: PHILPT
PN FheF ATEANA P-A& +INLET (TPLT PAGA ADRLCI APADHTY) N$IEF
@MNTmY P7L ALY £99° Bibon (2022)F Calonia et al. (2023) A5 Ullah et al. (2021)
L7408k

PHEM M PG PAMM TYPL 1M TP L FAN, PMLLLTIMT 1) GATH PLLIA T
NFIUCE AT O-ND N7AK LAPANFAL AGAT®m- a2ANT ANLAL INSGETF (PTIRUCT
BH®F) BHCNAT 9NGEFT AMOMege Pay PAFA NATT (PORAIC HEPTF) AG dBCE
amuPPF BALAI NYLE FATMPTF APHAN PRI NTIMTPELM AL LI FAMPT
mANFFO-7 aeaecanc ag PRFA IOHTPT A& 4A (Calonia et al., 2023; Saad et al.,
2010):: AYHUY La-Ha&®F Nthhd Thgmy eapayC @af+agC Y8+ NAINM:
AT18.NTmY PATAQ (Bibon, 2022):: Farhang et al. (2023) A2 N2 S+ NThAA Pl
FIRUCT MR ATRHLAM LEMEAI AHUT® +4AL +INST ah++e ALRRMTFa-
aaAh+ £5°CNFA (Konig et al., 2021):: Enow and Goodwyn (2018) A%8.U-9™ Lai and Lam
(2011) 2UYY AAN APMTAGT P+aRLPF PARINN T AT8BNC h+dAT ACTREM-
FIRUCTT NM$PL aREADC PALAJAL +NGI° NOM-PT ARARLAG RZ 29D RPCNF A
AL DAY oA+ SADLAT ARYFM-gR PARN+ARCID [Py PADAYC RPN S(, Fhedt
oMt AL AT8 U7 PATFAA (Chizhik & Chizhik, 2018; Janssen et al., 2019)::

FRUCTT NOF ML NF@7 PN ARTT APNTHIIRI APS NOT Nh&GA DN
am+9NC LPCNFAI NPLAR-FIRYCTHT NFHIRUCH LT TMmPAPL Ahdr PmINFO-
pacaqCq PAgN+MC +INSt NAPS. dPwWlt avd 290 LPCNFPA (Osborne, 2021; Zhu &
Kaiser, 2022):: AHU 8990 Papan/p h&exrd NN THLLEFRT dPgRst EmMNSA
(Wenglinsky, 2001): 2U UA+E ++A& +A@-M (LLEFG apgosit) panamsp h&d”y
N6+ aogest +aqLPF PFIRUCHT AT EHET NIAZ AT8ART $LaDFIoY(F:
PTIRUCT LoFT &1L TPUCT NSt N1 N ATS.PNTD-F A+oING+ P+HaRLNM-T
AT N+INE U3 A8 Meae: pangeycy A++AT £I& +MPaem- PHIRYULC+HT YA
AT8.P0AN 2484 (Adeleke & Akere, 2023; Bas, 2025; Olayvar, 2021; Ozdemir, 2020):
Beaulieu (2023) A2 PN-4TFF AEAT ARIRLF Phb M- BHT ML+HTLPTF AT AN,
U AT8.LCNAT PHIPUCH AT A8 AN 9ok PapaqC ANNNT AR&MC 1M1 2U L99° POAT
+0AT FIRUCTT PTLAIT PR ML PLCIA: Chibsa (2024)7 Farook and Ahmed (2021):
Terada (2019) A5 Thomas et al. (2010) A72T,7ART9° N&AT APIRLFT PHIRUYCT INGPFT
NACST NTLLETF ATPARC N+ Yok mPID AL ATRMN NTILLAT P+TILPTT
+AFTE NZIT1DT AANLAL NACLTT NAR@MMEC AD-T PO $~A& PMIN+IC +9INC
p[ngtH
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WAHE O $rAG FAD-M JOHG J0k:: JOHT PARAYC aqf+ag( AN Y@-i NFIRUCH Lo+
A+INC N&E+FTT APAR MA+NNP ML PATAAI NFICUCH TIMTPELPL AL A.APM L9
PIAMM-Y AANT/AATANT PLIIMAI $ME PARagC Y R$F PNAM MM+ AY8 U
ayh 2UPTA (Calonia et al., 2023):: Li (2012) A5 Ullah et al. (2021) A2 74AR.F9°F
@M, PARaRC Y 2%+ NIPHGT £L74.A NIPHT FIRUCT RIGAL N&E+T LAPLAT A+hn P
NAZETF LaPANFAL $MR PHAA 2UPTA: IOHT APT878.7 PHIRUCT Y8F (RN PT PT
PHIPUCT N&AT TIMPAPL) BAOANFAL NALYISTS. BLE P+TLPT &+t APHAP £J&
2AMALI MA+NP LLZIAT RUIR POA+RT FIRUCT GAM NFPLM AN @M.Fd) PADP7
AZA PA&A= NHU N+emZ FRHT ANNFIR BT AM-E 4T +MPeITYT ATINLTT N+ALTD
Zhm$F A8 N+hhA AdMsk, ATIaRANT MA% 8L 1M (Cai et al., 2022; Xuan et al.,
2022):: NtmMPeyt NAIC JoHT B-MFT LRATMPTT NMNLFFT AAAT ACAP AT8UF
P9 PNTFA ONL PanayC aqp+a9c 4 2%+ ANAGR 1@~ (Yan & Chiu, 2022)::

MMMk NMPLT NMHLLETT NMRIRLTT YL IR NARARHY +oNt Mt AL
NMw/+@ PAINN FAed AL Tt MEZDT AT8 IR NEML Ph&A BLZEPTS
NINN AANPTF FIRUCTT JPHT AL T+nCE NIPCIPCT N+ING P+t 184 -ANNPT
NAIFP W/ F AbT: NAPW ST ahhA NPTIF TINL-AATEP 184 -AhAN (social-
cognitive theory) AT UrA-Ad& Wl P yNA-aoe& A4 T +92UCT (comprehensive or
Holistic literacy instruction) NARIRULT A& PTN+MC +9INL+TT N+TLPF ATNN
PaRZ 8%t T AR ATQPHNZM AHU MG+ PW/$F §F@-:: TIUCT NIANNS NACLT
AYAT ALTT AL PHNEAL PNACRS PAYAT ALTT 2919° NTIRUCT F2h ¢899 +M PR
U@ PAANCT N84 TIINLARTCEP PARARC 104 AN AL RaPWw/ F4 (Bandura, 1977)x
NARagC Y 2+ ARAICEP ITHN, Tt PALAMM MINLAATRER 124NN NPTIF NTPANF
@S (ANF PMWERET NARARANF/NANZE deayC)T hChP PP NMAPT (ACAP+NC
FIRYUCTE PG PFT ANTPAN T9&/) AT PARARC Y FT NAIMSTNC AR Fhdt PRCIA
(Widodo & Astti, 2024): Nt PAF@ ACAPPT: NAMC ARt AL APTFR +60F
PFLFPAI ACALPTY JRAA HEZ9T AIYT NARAPANT doagr <higd AFAAU” PaRA
IANST ATR1TT LADELAL FIANST ATRI1FTFO NE PA +TLPTF L9190 N&+HET Mt PAD-
PHIPUCT @Mt LAKI N&+HE mZT NI MMk ATLTPAN PIPTA (Yilmaz &
Yilmaz, 2019):

NIPANFT NACALPT NARagC Y2+ AR AR PARYNZAN N&AT (ATPAAT MALT:
mgoysy: AMPTF) PHMLPTT eMINN  +NC N+aPAN+ PAMTFD APTFP
gRINIRARTF avaqCy NAMTNC +TLPF AG-Mt AT8.N% PATAA (Lim, 2015): T94NL-P
A+914 P+MLPFY PR +ATE LRICLAL NFNNEP 4NN ATINTYF PaDagC +047%
LEAMGAT TINEP +INNFT PALIAL NJ4 PARMLTT 96kt TT NN PAPEFFT 4N LP
ALATT PARALT APIRT BAMLA (Widodo & Astti, 2024):: Yilmaz and Yilmaz (2019)
MINGRT AATRER T NTIALS AR PP+ TINLAATCER 1L AN PEML
PN&A 228 +TULPTFY MINLPT PPe-AP NTRT NTIAAA 218 APIFP T ATBAD ATAR
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Eekhof et al. (2021) £919® P1&4ANNT NAZTT (NFRANF dRMCT ACALTTT FIRUCTT
TMMSTNC) NAPMPI° PEML N&GA 228 +TLPFT PMINN Fhod MENC ATRTLFA PNLSAE
Nthhd @INNT N&EDIF /INNT N+ PAR TINN NNHT ACAPPTT NapapAnG
(Nq8aom) PAYAARET N+L 979, Mt PARENG TF M-

PINAN Tt ATREBANC L9° PATINAN AANPTFT (PF9191C £9°8 ITHNYE PL&IR6T
PLLA ATFIF VTHATT APADE TINNTE PLAT O@PF1T ATNN A°28FT) N+TMA A&7
N®18&+ N+ (Holistic approach) ANA1L 7@ (NRP, 2000):: Castles et al. (2018)
AR PNZETIR NYARET NHEMEP $LIRHN+AFED NN+ LAP APTES TN+C
O-UL O0@-$TT N1d ATRFC PATAAI ATNIN NADZ8F 1H £9°%T PADARTT £ BAt7
NFTOTRCHFFM I PTIHARLT PATT PAPARTT APARE PAYTINA LLFT L54AT NAPATE
@INNIR 1 AT8U AdeT AANPT Ehtdh: BU $T1EFP Y+ +T94PTF PA9INN AANPTT
NMPYL & PA ATNIN PARLEF Tt ATRTLTFM- NAILLTFID NtHenTis P+ALP HO-
PATMT ABBN AT ATAARTIT RINAANTT Phtt OMEALETYT NPAX AYTNND-
A18.28 PATATPA (Rayner et al., 2001):

NMPAL NAL P+ T+ T MTNG PTELANN TAPLTT NL PIRCIPC 1%+ F ddw
Pam.LLCIM MINNT ARGRYLY N PNTM-+F PHIRUCT HAEFT Al AR LODW/ FA:
;NN OMmFT ATELT (PHTLPTF POINN Fhed ATRAAA) L9990 PFIRUCH
HAEPTFT APLNF @M a9 NPT ARANR: APhTMY LPCNFPA: 2U MGTHID NATICE 2%
FIOUCT PARIRULT FIRUCTT PP LI A&AT PAPGRL GG PADADHY +9N4t NETIL N&A
+@PF PAINN FAeF ARENC AL PADT AN+PP AOCICZA::

Pmek ATAH 2P T

$L9° A ATLHIARG-T NTINLAATRZR TL4ANNT UAhs TPWAFR PARINN-
amgq NAZF aRaC AT MY NPT+ NIPANFF NACALPT d@-++F hYA NAR&AIRS
panagc Ye+7 NN MA+INCG NTOMTNC 1@ NHU Y8t PPN AChLPTS
PINGP A+INC ALAT PHLPTT 9ANST ATRIHT +IARTE NMALT LNARCT
N&+s oMt P A AT PATFAAL BU AR LT B919° PanayC ayf+aqC Yo+ NASE
ANNI9R799 22 APA+INCTT NTLAAMT NACAPPT PARaRC ALAT APN4 NRLTA
mAn a@eTt £PCNFA (NRP, 2000; Usher & Schunk, 2018): ATHU @Pw/F+P AANTFI
PHIRUCT AL PARA M-NM +NLFT PN Nt 9927760, FPHTPTT MM 997
NPLHMD- PaRL+AT MA+NhNP PRl ANLALITT PARARFALI BUTR AHU MGT dByR
PLa:

NATE& L N2010 AT P+ ANtT8LCTT g2 NNTPTF NAAT NNENT PAS
meF 72PFT A8 90 N2014 NUAT +ehTd £12PF (UBLAT MALFT) PER,
+aZPTF PINAN JRHT (EGRA) »5+ +n4L A (Piper, 2010; RTI International, 2016):
NG+ P77 @Mt PAET PAYTINN FheF AB9 NMIR HP+E AOUPET AGRPANLA:: N25F
N35 A&AT 828 PARINN JOHT® PHNZNFA- PEMRL +TLPTF A& PORINN AANPTI
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PY9C £IRPF THN (PPATT £IPOTF ADAPT)T P4LA NP OM-$FT +HEFL PATIT
FCFIPPAR PATT MINNT APADE TAINN (PAR)T ATNN A°LEFT AGIRM ADL8F TFa-
(Piper, 2010; RTI International, 2016):: hATHU FPHTPF P+1F @M+ AT8ARAN+T 028
A&A FRUCHFOT NMTPRT +TLPTF adhhA 34% AL PA AT TINN AAFAICE 48%
ATNIN NADZ8F 9PHT 9o79° MMt AANGRHIM9R: P38 N&A FIRUCHFOT hMTde
+aLPF aPhhAgR A8 U 20% PRt 9R19° A TN AAFAIRE 30% PUA ATNN
Nao/8% goyge MMt AANGRHINIR: LUID @Mt NUA+RIR PRAGA RZBPTF NtHIRUCT
@1 A+EC NP Mt HP+E +4AL TP (> 50) Nh&+4 848 P10 10 NNHPE AT
N50% NAL PP FF +TLPTF ATLTD ATNN PARLET M PR AATRAMF® (Piper, 2010; RTI
International, 2016):: 2U ®mMt9® NATCEP NP £48 PMINN +IRUCTT NI
P+ PFT PARINN NYA ATL7T ARARCARCT ARG P& F £7% PARINN FIRUCT PP L, P
$La P AT ATRND 14 2T eT INC::

@MINNTY IPC NP-A& PFHIRUCT AL7HF N+hYLd 04+FMm NAwd-P PADAY(C
goHT mGF (NEAEA, 2013)F P45 A&A +T94PF e INN Mt NEMZ hEA £48 +mLPF
PINN I°HT @Mt IJ¢ PMMLINE PTA: hddw/+P NFF (<50 MMt PATRHIMT)?
mw/4+P (50 — 70 @Mt PAGRHIMT) AT @M (>70 @Mt PAGRHINT) NTLA WA
PMINN Fhed CNEF N+HNYEM- NHU FPHT NIMA NAL PRt (54.20%) P45 A&A
+TLPTF PN Fhed NAPWZFP NFF AOPE +APANTA:: NFPHT D APW/F N0+ FTT
PINN FAed ChY AON+F PF AT +T9LPF 19.50% AUPFT NAPW/ 3P PA3NN Fhed CN7
£99® 26.30% +TLPF TFM-::

N2010 N+h4Lm PEMZ A&A +T94PTF 9°HT (EGRA) P+17F PATICT £7% Pa37NN
Fhed @MFTIR DAL Nelt &Mt F 4 T894 1F AAFE- (Piper, 2010): N2010 N+L247
PATICE 22 PAYINA FheF JRHTPF P27 P35 AEAT +LPTF @Mt ADIN, AALITR:
NIPHT @ P+Até +TLPTF LLATT PARPART Fhed N27 N&EA NLeP 41.47 N3F N&EA La9P
NeeP 54.2 FTAI BUT N MNP@ @Mt (>60) NAET P1A 10 +HD-FE PATT NTHAA
NTINN £718 La9° P MN$®- HP+E @M >50 AT P+ T7@ @Mt 17 hHU P10 PLA
(P25 A& +MLPTF AL B-Mt NbP 20 AT 3T h&A NLeP 29.4 AT 1)
FCFAAN ATT NTFHANA TBINN P FAT 025 hEA +THLPF NATNEL 12.8 A UHE N3F hed
NATNEL 18.3 NF TFM=: APADE TINNT N+ARAN+TID 02F WA +TLPT NATL L4
NthnA @INN PFAT 19.1 2ATT NF 1001 P35 N&A +TLPTF L9 27.9 $ATT NP
NtANA MINN FAPA: ATNN NARZ8F ATRCTR P+H1TM @Mt NARFE AIAR P28 N&A
+@PTF 22.0% AT P35 NEA 35.3% 10 @Mt NAFA BZEM hT,MN$®- (>50) LN
1@z NHU 9°HT Nt+A+Té +94PF aohhd h25 h&d 25%F 35 h&d L9190 20% Puk
NPZNAF@ AL (F20) @ND PA PATT (FCFIPAAN PATT BIPC) NThHA AL+o-
@INN AAFATR: ATNN NARZ8F ATRCTR C199R PUN (49.0%) P25 N&A +T9LPF4 30.4%
PWNTE N&EA +TLPTF T2T9° ™Mt AANGRHIM9® (Piper, 2010)::
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NEMZ A&A +TLPF AL N+NYL®m NHU PINN FAeF I°HT DGt P+ADHIN
HP+E PINN FheF @-MFT NATHU £EPT (NEMZ A&AT) ATITNN NYA AR TNt
MAM* A7L,7N PARAN+ §F@-= NHU 2010 MGt dRIRTHID NATERL NNAe-P £48
ARGM&EF $7% PN TIOUCT APAAA 8T, Fhrdt AT8NAD +LCAA: LUTIIE +htie
PFICET PN LFTT &ETHRPT NDAPT AdRARCIRC NChF UICASE TPARCT +2CT1PA:
: PPANCTIIC AW/t NTR L0 PAFER P PIIINN AL T £ALhA £ I& e £CEF (READ
TA) AT PATZNh PAMF +4.2h £CET (USAID) NFIRUCT MiNEC I NAR+NNCE
NUICAPE 28 NMGTF AL P+aDw/+ PAGMEF £7% PAYINN AL AFIRUCTTT AL TP
pangRyY Ly P+a9s ARRh&F +HIE+m N2006 4.9°. BIPC ¢ AL M-APA (NEAEA, 2013):

LU ATE P CYTFIRUCT 28T ToING N+NTDY NBA PH1F @Mt T7 AGRL+R
Nth4s +hr+8 PEMmL N&A +TLPF PMINN FheF FPHTPTF 0+7F @M $F APAA AT
AT8AFR AMARTPA: ATPAAT N2018 N+NYLM PORINN FAed IOHT NPAPR APAME
@INN 15.2% P25 N&AT 7.3% P35 NFA TTZPTF HE ATNNPT PIPA: NMPAL NN&A
LCEPE PAYMNPD-T PNk ATNNTT BLE ATAATD- P+1FT 4% P25 N&GAT 8% P35 N&A
+aPTF NF §F@ (READ M&E, 2018):: N2021 N+N4 LM~ 9oHT L979P N La™-F PayyN-)
IOHTPTF P9 @Mt +ARHINA:: 59.1% PUA +TLPTF APADE NTRTINN FRHT K ATNN,
PIPA:: £2ATT ALT NN 25 A&FA 23%F 35 N&FA 23%T +HD-FZ 2ATT NTIINAN h2F
AEA 65%F h3%F N&A 49%7F FCFIPAAN ATT NINN 28 h&A 70%7 N3T hEA 54%F
A8 IR AeAME NN N2F N&A 68%F N3T N&A 51%F PUA +T9LPF HE ATNNPT
PIPA MLID 9R19° @Myt AANTRHIN9R (EAES, 2022)::

N2010 — 2021 P+h'%8. JPHTPF PEML N&A 28 +TLPTF PRINN Fhe s HP+E
MPEYT F9¢7 AMPLE PHLLTF PAHCYTRIRUCT 285 ToINe P F Bmt
AATINTTFFOTE P+MLPT POYINN Fhed Mt APASASA dRgoM+T PARAN+
TFM: LUTD PT PT +&FAT ALLA MINAPTT NIRCICC NARALT PAP&FA AANTT
PaganAnt ANLALTITY PAR.PZ I 10

2U mGFIR PADGRY LY AR PAYN+AYC +o)NGF (TP LT PNEA ATRLLT ARARHY)
N+aZPTF PRINN Fhed AL PATFMT AN+PP ORLIRZA: PMG+H AOW/FP M PRPTGD
PN+t TFm-E

1. PARGRYLT FIRUCET PMPL +NC NEMZL A&GA +TLPF PATICT PARTINN

Fhed Jé NTFIT AAD-T?

2. PARGRYLY PGA ATRLC NETIZ AFA +TLPT PAICT PARINN Fhed I

+HIRL AAM-T?

3. PARgRYLY PAGA BN PIPHT +9INC NEMZ A&A +TLPF PATICT PTRTIN

Tt J4 ATFIT AADT?
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PAMTTHE

PG+ GATY PARGRYL Y A PAIN+AIC +INGTF (TR LT PAGA AODRL.(F ADADHT)
PEMZ NEA +TLPTFT NATICE £71% PAINN Fhed ATIARA PAFMO-T AN+PP apanran(
10 AHLUIR +HIRL @ PGt 128G +INGP +LC3A: PHMLPTFT 0P FP Thed MRoAR
P, PNTFA NARPFE NHADMPT APNNA PAGY HIRLT AARANTG +INQ +AGM ++FNRY
+A®-m (output variable) N°F PUA £LE dRIAR/M+INL ATLFA R4+ PPNTA
NacPr 124 +aeCm e (Ma & Zhao, 2025)x

Gt NNAC 8C N+ NM7TFE NGAT+HNC 192G N+aLM. At FIRUCTNLRT
(6@$F 457 £A FNT MEMT APNM) +hYL A av/EPFT NNE M7 9497+
P PATAT NADIEF N3 ATRC MNL A UPF ATLMFA NAPFa0% FIRYCFTNFE +MRCMPA::
NALTI818. FTIRUCTNT N25T N3G Ph&A BZEPT A1871L h&AT (N25 17 39 1) NomM
NtAR NBA NMPAL 560 +TLPF aDhhd hen&ATE 20 +T94PTF NEIR4 160 (25 h&d
807 N34 h&a 80) +MLPF NCYF N+HIE §a™4 (Systematic Sampling) N+ MZPF PhgR
HCHC hAdT ATE NAP@-AL NIPHT +ATL PA: NATHUI® dbhhd PMILE $m( 77 (25
h&A 367 35 h&d 41) PAFT L9719 83 (25 N&A 441 35 N&A 39) 10-:: N+TLPF N+l
®7L 17 At 7T NMPAL 8 PEML hEA PATICE 7% angeys.y (NALTI8YS. FIRUCTHNT 2)
NM$PAL 19°G +CM@ NTLA+IP4NT NGA AL6 AFALH NNFA ARZEETT AOPAC
AT8 9P NIPHT ALRRTITM- AL P+ NTIARANLP 6 PFTH PANF +RCIA:

P25 P35 N&A +TLPF PATICT €7 APW/FP PAYINN Fhed ALEPTF NN
781 (timed) FPHTPF (PLLA NPTR OM-$F PHHEFLT PHCFIPRAN/CL ML SAT PAP
YNNG APADEL PIRINN JOHTPT) AYE U9 PASTE 78N NAANTFE- (untimed) J°HTPTF
(P¥999C &9RPF 1THNG ATNN PARL8F FRHTPTF) +ANNNPA:

P4.LA NP OM-dF ananHEm- 12010 PEMZ N&EATF PARTINA 9OHT NP R F P+MAL
70 ARADHET M- 100 PATICE R7% LLATY BHA:: £U OPARHE +a9/PF NATL B IO
PUA £L2ATT N&MTFT NTANAT N+IN, ATAAZ T9TNN AT FA (Letters Correct Per
Minute/LCPM) ao/8 aoA-NAN PR LATFA AT NMPAL 100 1%9NF Akt (ALI8T8 &.BA
AT @Mt AAD-): PHHO34T FCFID PAATE/PAME $AT PORTINAN FOHTPF NNST
P+72M (WCPM) AT NEGRA £2010 M5+ N P+MmAS. TFa- (Piper, 2010): JoHT A
+00HE +a4PF NATL Lbd 9T PUA AT NE&MIFT NFNNAT NN, ATAAR TN
ATEMTA dOZE PAANAN 9AT PAD- AUYT NHHEFZT NEMe PAT 9PHS
NAPLYT8I8F@ 50 AT AT ALY APTRY8. PA ATE 1M AADH:

APAME PTINN IOHT +TLPF NATE O-hEAME NA PAT NATE Lbd 90T PUATY
NFThHAT NEMTFT N+ ATAAR T9INN ATLMTA dBZE8 PAyANANNT AL LU
NEGRA 02010 M5+ Nemz P+mAL 1@~ (Piper, 2010): 9HT@ NHZNP AhE AL
Praw/+ ALY AhS NANM- 60 AT Akt NIPHTEO A+TRHET NGO 1N LARHTINA
(ARPT818. P4 1): AAD NEGRA £2010 P9°HT MG+ Nemd +MAL +9NLP P+L2710-

PARYIN Fho ARANL (AININ PARLEE) GOHT Y@ (Piper, 2010):: ATNN PARZ8H JoHT M
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PAYT 781N JPHT ALLATR (NNYF 78N AEANIR): BU 9PHT APAME ATHINA JRHY
NeZN@D NABOD PAT A6l TN O-hEAME AL PHaPW/+ AT 5 MPEPT (5 11
PADR) Akt: +LPTF APAMLD NINM NZA NINMEE F4N APwW/F AMPEPE JRAR
£AMA:= AT 72N NAANTFA PATINN FPHTPT AAD-T PF979C £928F 17HN, (phonemic
awareness) 9°HT 10 PHU 9PHT GATY P+a9/PFTY P399C 2928 I THN/FAeF ACPANT
10 NIPHT@ NEGRA 02010 M5+ N P+mAS. 10 $AT Ak (Piper, 2010)F +TIZPF
PF NAOHT AINFATED NPAFE AT PA EIPFTT 1DAD MLI® AR+D £5I4-Ax
AALTI8Y8 A 110 RAPHINA (FPHT D NMPAA 10 10N AAD-):

AAD- PADZE AOANANL PAYL &+A jar: FATHA-GR ABgRysLy PHIS Fa OAFP
PHINUCT ARRT ATTHIRUCHP PASPL HOIBT AOCAPTFT AR AFF@1T ANLAL TDNTFY
mn+4F0-7 N+MANT ARLEPFT ATANAN 10-:: &+AM- 30 1DNTF NAF PARARANLL $6
PNT@T ALY P30PET IMNT AERRTP NTLIAR. At PLLE MMAT NuAT (MR APIN
[4]F A1on [3]F A2 LAV [2]F NMgR Aman LAY [1]) AN @Mt NAPAMYT
m/8PF+ +ANNNPA:: P&+A HCHC 10NF NAhmed (2022)F hEchevarria et al. (2017) AS
NPalad (2025) A4-PTF NTINTRHF P+MAS. §F@-:: NTIARANLP $2.I° NMPAL 16 OAFP
PHIUCT ARAT (NALYRTB/L ABIRUC 2) AL &+A +NhYL Ax

NFPANFPTF PARIRY LT PREA ATDAC 12715 PhEA M-NM P+a9Z JRHT AL RATRT
PraeAn+ aRZEPTF HANANPA: PN&GA ATRALCT ARLEET ALRRTPT P+aPANK ARLEPF
hBeaulieu (2023) AT Terada (2019) 4P+ +NMIe+m- 0+mASL 20 P+ 1DNTFT Al
PRMAT LLEPTF/NNAT (1M AN [AF APIN [3]F APIN PALY[2]F NMIP APIN
PAUY [1]) NAT PIRPANF @RARANLP %8 NARFTH +ANANPA: P+a9L IOHT AL RRTDY
P+aeAn+ ao/5PF £99° hAhmed (2022)F hEchevarria et al. (2017) AT hPalad (2025)
AEPF HNMIR+D N+OAS 25 10NFT NPH MADANLP $6 +ANNNPA: TIARANLP $2.
4 0228 MMAT ANAT (NmIP Ao [4]F APIN [3]F APIN PAUS [2]F NN AmoaN,
PAIT1]) Acvts NHUT® NMPAL AL6 NEATH PUA TPANF +hTD-F PhEA ATPL.CT PIRHT
RERRTT P+aPAN+ A/ EPF +ANNNPA:

panZE AANANS dOYwPPTF h+HIE NBA NwAT PAYRIRUCTHS NWNT PRTE
PRLACAL +ARLTLPFIT ARIRYLTT NAHL, TTAT AGRHY NAT™PPF N+HIE 021G
A78,7aR7a™> 2070 NPTIF NIPHTPF AdddN AL TAAPPT +LCIPA: PTPFE ARLEPT
NAANANTFED: NEHI® NG+ +AFE +TEPT e PUPF POM+F 45 FIRUCTNT 10
+mPFY (N25 N&A 5T N3& A&A 5) W/ FP PaINN FAeFPFT N F NARARHY N+7F
+NCPTFT INGFT Wt N+ALID NAYGTF 78N JPHTPT PLeP ATPHITNG BMF
AAMMD AL AALPTF +LLTIPA:

PHARATYT &+APT NHNTOF N3A 160PF PG+ +AFL +TLPT ATROHE
+2070 e+7F PIRHT AB/BEPT AN+MaRTIR (reliability) NACINT hdd (KR20) +NA®

AGATS FRHTPTF +eNLIF PAD ™Mt (0> .7) t715td: PL+TPERT PIPANFD-T

PPATM LR P PR-B-MF +HIPL (Inter-Item Correlation) N+enT21F +NAT NALTSTS
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m/85 MmANANL @-ND LA PALYISTS MmPE/IMN (Mt hAAT DPEPT (NMPAAD-
@mt) I PMN$ FANC ATBARST N@IET FAMMT Fhe/+INC RARHY ATLFA
P £2°91m @Mt (r= 0.2 — 0.5) T75+A=

PHU DFT F9IN¢ P+EMLM- PGF ao/ A% L (proposal) NTIHIEF 10-:: NAPPMA
pan/E aANANL dPYZLPTT NTIHIEF NNAC 8C N+ ANT8LL FIPUCT &hd TNt
IALPTFET RANTCET J4 LT +2CAAI T+ ATNTDIT LUT3 +75+A: hH.PIP
PIPANC 0@-L0TF NMNGTET PTICUCT RALTNT NAT™PFI CANMRIRYLTT TP TFATE
PREEFT ATCARHCTS +a044PF N+A+4NT NADT+H SATMPTS hATR NATLMNE
IALTFF NTNLST AL NN FNNC AL ANNF AL +LCAA: NOM-2HT+ NEA
AGZE ANANPTF ~AMT +AMEAL NPAMTD: N3A NO@$F 45 FRUCTHNT 10 LUA
P25 P35 N&A +ILPTY AOHIPA:: NIPHTD: LT AL N+L270 FPANFT N+ARHINF
PIPHT OMFT F TR NAPHEF A PATINNC ARTT AATRSPGT AGHZ 7 +FAA::

NHU AN U13PF N+ FE N5A N0+ TIRUCTNST NANA NARTTF haeant
18-24 72017 9.9°. N INN FheF FPHTPTF A/ PF +ANNNPA:: +TLPF NETL N&tet
goHG dDte4P ODCAPFG ADAD/PPF ddw/ti AAGRHE®- ARG PN/t 1NF
NtIARATEG NIPHT ™ ATRA+E RUT 3 AAMFFE N+2IT7M N3A N+HTMA +ADHIPA::
NaeMATE ANPLIe N+HIE PhEA ATRLLT PIRHT ALRRJID PARADANLP $§ NAPAD .+
hamoN+ 25-30% 2017 %.9°. NALY8YS TIPUCTNT P4 N&A 1H T°ANF +LC3A: PAN ;O
N1- 35 h&A&T e+hemy ALY °AhF N+hTmINt A&ALH dRI°ULr PHIE Fa-719
PHINZTFOT OAFR PHIUCT APRT £F94& NTTINT NA1L &+A TARANLP $o-
AMNTYF goCans. e m-PNFPA::

NA%F NTANRS PAST 78N NAANT®: JPHTPF P+7F ARZEPF NAMYE +AD-M
£49/%F +3+5 NAT (Bivariate Linear Regression) ++7+1PA= PA%GT 78 JPHTPF NATE
Le et NEMITE NTHNAT NN, ATAAR OHINM £LAT/2AT NTA +AATPA:: PASTF 72
PAANTF@D FPHTPF L9190 helM mPEPT NHhhA P+HIPAN MPEPFT NHT NAPM-AL
T3+9 +NLANFPA::

NHUJ® Pangeys.y PaN+ARL HOEFT Al (T99LT PNGA AODLCE ORADHT)
AtTLPT P4LA NPIR OMdFT PHHMFLT FLFIPAAN/RLME AT INNT APAMDE
PAINNT PINC £I°PF THNG AN PARLEF FheF PAD- MG N+ MD- PAR+Y+E
NAT (N&4LTF F3+T NAT) +ARCIPZA:: NFPLARLM- PARIRYLT PP LT PRGA ATRLLCT
PADADHY +oNGTF AL ARTD ALTETE.T PARINN AAN ATIALS) PAD- ANTPP ALNAA PH+i+rT
$AF FEEF PAN+TAT TF@-: (U) PARIRYLT PRb LT PNGA ATRLLT PARARHY +oNg-t
NtaZPT PINN Fhed I PATE +HIPR (1) TNALAI (A) +IN8 +AGM ++7NL
+FA@-Mm@T NI°T PUA BLE ORIAR/MD+INL ATLFA JPLARL +hG@-TA: BUID +7NL
+AD-M (TPLT PNGA ATRLC MEJR ananyy) NATE aRPNG ALLT (standard deviation)
ALL ++INR FADM (P+IRLPF ALN+ PTRINN FAFPTF N+TMA) 927 PUA Papend
ALLT ADM ANR? NTRAD- PARENG B9 3R a®MT (B) ++7HTAL N+ N+ICF
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@My “R?* AAT C++3Ne +A®-M 927 PUA ALLT (variation) N+INE +AMM +IAR
PAUAD- NADSE +AA+A: PHHIRRM. FhhA PADUPY/PRAUTF BLEIR (sig) NFI+5o-
+nttA::

$LI° ALA ATRHIARD NG+ PHANAMNT ARZEPTF Pttit+rt NI4T 11T NAT
10 0T NAE +OINLP PHELIM L99R N$LMP PT PT AMEF (assumptions)
aay AFFa N+ZITM NEA ja-: NAREALP P+ +AM- PACET MR (normality) AU
PEANAMT 2ZEPF NATRE 914-& (histogram) TAA+@ AT ARAY At +/I9M A e
am/8PF L CENH +HIL (Multicollinearity) PAF@®- AP+ NAL LT IANT &-h+C (variance
inflation factor/VIF)® ?*“tolerance value” £979° N7 A £924F +7+5 N+t (linear regression
analysis) +Na® +77@ @Mt (VIF < 10; toleranec > 1) A0 ORAHAKRT AGPARLAL
P condition index value” < 15 ARUPRI® AAOR-1 ADAY AT +eh,T97 NS PTA: NNCeeT
OIS NECENH +HIRL goCans. NBA NARZEPE +TMAPR ALY I6k 1 NF (univariate
outliers) AAMRPLF@ Nhé&L AMT (boxplot): PLCENH +ADM ALTJI6 1DNF
(Multivariate outilers) PAA @+ NMUAPNN PARIF demAE (Mahalanobis distance)?
Autho-correlation AAMP4. 2992 NIHA &49/%F 315 ©”Durbin-Watson” NAT +£+A
(Auto-correlation = 2) AC™PFE +hA+PA: hHU N+enTLI° PAR/EPE PALLT APM7
ANA7t (Homogeneity of variances) NANY PALLFF +a2MMAyF aod +A (Levene’s Test
of Equality of Variances) +@®C9° A0™f ARa Ak P+ZJ37M (P > .05) ALUY: PARLH-ANC
AL LT +anANA (Homogeneity of variance-covariance matrices) NNAN A9® PANC AL LT
+a@mmArt a4 +A £0T (Box's M)T PARZEPTF ¢m+q +HIRL (Linearity) £a19° NN+7
n4.2 (scatterplot matrix) +4&.+0 AG™rY PARA PTA::

eo-mt ++5

$L9° e NPZNA- PADLE A+G+T AEA ATL+HTARD NT9INN FRHTPF N160 PG+
+AF4 +MEPTT AL UR NAIRTF dRgRysy L9990 Nh&A @ND JRANFS NALE &+A
P+1T ARZBEPTY AOW/t NG90 PARGRYLT AR PARNTIIL +oNst (FRPLT PhEA
RODZ.CE ARADHY) PEARZ NEA +TLPTT PO TINN Thed ATIARA PAD-T AN+TPP ATRAPT
FIHTCPF ANLLPA: POR+Y+E NA+ ATRF ADARAFFM ANGLIR N+ZJTM NBAT
PHANAN BZEPT NmGh PW/FPR MPRPT ATRC NMTL +AMM &92%F PHI+T NAT
APHAN $CNPA= NHP NET Y ALT8TS +INL +AGM NAAINN AANPT I N+TMA
PAD- +HIRL APAATS AN LR +HIR L. apPq. an/ 77m AAT.PCNF (Kiernan, 2014) &+Ad-
+h42 NWIMZH 1 P+aAN+® Mt +7%EAx
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wYyMLH 1
PADIY LT P& POINF I +TNAFS PFIILPTF PO Fret HICET PTLIAT +HIRL
(Pearson correlation) @+

+H9™2/Correlations
ML Ph&g dRODHTY 1 2 3 4 5 6
AODAC
P&LLA NPTR O (1) 829" 740"  .828" 1
PY9191C £9°9F 1THN, (2) 304 794" 608 276" 1
PHHONF4 $AT TN (3) 900"  .726° 799" 818" 216 1
PLMe AT 1NN (4) 911™ .846 715" 861" .241™  .853™ 1
RPADE TN (5) 946" 737" 826" 7617 235 869"  .836™ 1
AN D8 (6) 7217 718 714° 277 130 3117 324" 328" 1

Note. *. Indicates correlation is significant at the 0.05 level (2-tailed) while ** indicates correlation is significant at the 0.01
level (2-tailed).

NWIMZLH 1 ATL+aRAN+I a3$ 25 RaRHY N+aQLPF 0797910 SIRPF 1 THN, I
FRNA PARUPY 828/ AU HIPET PAATE: (r < .7, P > .05) ALY NAAT PHIRLS &+APT
9% +INL FA@MPF NUGAIR ++INL PRINN FAeF +ADRMPF I4. FhhA PanU7
2LEBIMAU THIPL AYSATM- (r>.7, P <.05) T92771% +FAA: ¢MAe ERTL +AD-M &2
T3¢ MPT PCNPA:

PG+ PADEADL P ADW/ FP M PR “PADGRY LY FIRUCTT PARb L +INC PEML AEA
+@LPFT NATMCT PAYTINN FheF ATIARA ANTPP AAD-T?” PAYAD- 1= 30 10 NF NAT
PARARANZE $6 NADFTH NARIRYULT OAFP PHIPUCT APLT ALRRTD AL N+NYEL PATE
&+A PH1F AZEPTFIT NIPHT PHANAM: P+TLPF PORINN FhAed MRLEPT NE4T
T3+5 NAT FAATE 07T OMET NWIMEH 2 CNPA=

N+ICE M7 “R2° AAT P++INe +AGM 9o PUA ARLF N+INR +AD-M +7AR?
PAADTY PR PADART ALY PH1T0 Mt MLARTE +AAT £7A%A: NHUI® hyere1C
£909F THN M6 NA P+HMMLPTF PRINN Mt AL hFPa AGm N51.9% — 81.6%
PO UID NARIRYLT FIRUCTT PR +9NC AL P+1AR ATRLT Pd/NMm- db/E
PARANFA:: A/ B M- PARIRYL PAS L FoINE- AL RART® NHTILPTF PHHEF24G PHCTFIPAAN
PATT APADE PINNG 019791C &9 AYHN FAF I h&+E (R2 > 50) 17T+
ATBAMG NN&E+T 828 AYATET AO+INL ATLFA MLID PARb e +oNC NAAA P+ PF
PN >MF ATEAAA A.LLLT PARFA UPRT £2,97M AT OAFP PTHIUCT AL
MHIET P191C £IRPTF ITHNT PARSIAZ/PAR+ATINL A&a™ RYA+E MRPRY (R2 = 9.3%)
AdPANtA (Fernando, 2024)::
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wWYMLH 2
PaRgDY L FIPYLTFT PARPL +900 (planning practice) P+99LPFF PR FrieF
ATGG4 PAD- AN1PE PP 3L +AD-D £94F 374 (bivariate regression analysis) @7

PIPHT G RYF P+Ict ameNng &l +P F Thnd PaeP /P rAUYT

am7y am? 28

(R? Beta (B) (sig.)

P4LA NP dM-dbt .687 829 13.184 011
PHH@ ¢ PAT TN 811 .900 25.662 .002
PTCEIRAAN PAT TN .831 911 29.463 .002
APAME AN .896 946 51.466 .000
PY9191C & 9°8F 1THMN, .093 .304 .612 464
AN ao/8% 519 721 6.487 .044

Note. Df= (1,114)

PARENG /P M (B) NAT Lo19° 1% tA@MO- NATE dReNT ALLH
ALLICC/AARA NAPT8TS MIF +ADM AL NATINLG 9°Y PUA AGM/MAARA +N+PA?
PARAD-Y PARIAR 1O NWIMLTH 2 ATL+IRAN+@ PARGRY LT FIRUCTY PaRb e +NC
NATL NG ARLT AADMT NI £IRPF ITHMN, M6k NA PHAILPF PARINN O-Mt
AL N.721 — 946 AP2NT ALLYF ADM FL4A: MMk PARIRYLT PARP L +oINC AL RRTD
NtMLPF PLLA NPT PHHM- 4G PFCFIPAAN PATT APAME PTRINNG AN PARL 8%
@Mt I NEHE APTFP +HIRL PAM- AOPRIT AYATET NNGE+E 8248 dO+INL ATLFAT
(PaRgRYLT PR +9INLF NHAAA P+TLPE PAITINAN FheF AARA PTRFA ARUPRT) (5>
50) PaeAN+ AT NT9C £IP0F 1THN, I PAD- +HIPL 7T AIN+E ATLUT (5= .304)
AT ALAT +INL PFAD- NAINTE 48 ATRUPT ANLtA (Nieminen, 2022)::

PrHIRR LBM7 AMPhe PMRIARM: ThhA PARUPY/PHAUTT 828 @Mrk9D
(significance level/P) PaRIRULT FIPUCTT P9 L +INC NTC LI°9F 1THN AL FhhA
PARPYy BLE/ AU THIRR ATLAAM-T NYAT MO+INL PAFA RUPRY PARAN+ AT (F
(1,114) = .612, P= .464)F N&.LA NP @+ NHHA 4G FCFICAAN 2AT TNNT APADE
NINNG ATNN NARLEF I~ PAGF +HIRL 1T FANA PARPY £28/ AU AU RIS AYAEY
NN&+E 828 +INL ATLFAT PARIRYLT FIRUCHT POR$ L +9INC NHARA P+aRLPT
PMINN Fhed AANA ATLMTFA (P < .05) AZIIMA (P4LA NPT O+t F (1,114) =
13.184, P = .011)f P+HMF¢ $AT 7NN F (1,114) = 25.662, P = .002)F PHCHIPAAN $AT
YN F (1,114) = 29.463, P = .002)F AeADE PAINN F (1,114) = 51.466, P = .000)F ATNN
pan/ 8% F (1,114) = 6.487, P = .044)::

“Pangnys.y PNEA ATRAC PEMIL AEA +TLPTFT NATICT PAYTNN T ATIARA
ANEPP AAD-T?” PAYAD- PRG+H A+E PW/FP M PR M- A PEM- TPAR ACPAMT
P LATA RZEPT 20 1mNT NAT PARARANZL $§ NARARsLt N+h4L Phgd @AM
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goANFT NTINN FPHTPF +ANNNPAL ARLEPE NAYE +ADM &492F ++F +AA+D-
P71 M TT NWIMZH 3 PCNPA:

wymMLH 3
PaogDY L7 PAEA AODAC (classroom management) PF99ZPFF PA9N1] Frie AT9/7i4
PAD- 795 PP 36 +ADD £+ + 315 (bivariate regression analysis) @+

PIOHT M- 907 F P+ICT APMT  aeNG Bl F FThhe
(R?) ammF PADLPY/P AU BB
Beta (f) (sig.)
P4LLA NPT (T 548 740 7.269 036
PHHAr ¢ 2AT TN 527 726 6.684 041
PHCFIRRAN PATF TN 517 .746 6.295 .034
READE TN 544 737 7.146 037
PYo19C £9R9F IYHN, .630 .794 10.209 .019
AN aoZ8 515 718 6.375 .045

Note. Df= (1,114)

NWIMZH 3 A72+mAN+D NPT PARTINN Mt AL N3P A N51.5%
— 63.3% PO NARGRYLT PAGA ATRLC +oINC ALRRATE AL P+TRNZD ADUPRT P ND-
P+ICT MY "R @Mt PAZBA: P+ MF NAKA ATRLLC +oINLt AEARIPT
N+MLPF @Mt APhhA NE+E +HIRL ADP4YT PAGA ATDLC +91N4. P+TRLPFT Mt
Nh&+s 228 a+INL ATLFA (PA&A ATRALC NANA P+HTLPTF @Mt AARA ATLTTA)
A@®AREA (R?> .50) (Fernando, 2024):: PaReNg &7 +P a®m? (B) NAT AT8aRAN+@®-g°
PADIRYLT PARA ATRAC +9INC NATE ARRNE AL LT ALRIPC/AAAAT N+TRLPTF PaRINN
MMt AL NATNEL N.718 — .794 ARRNG ALLTF el FL4A:: LUIR PADIRYLT PHGA
AORLC +oNC AERRTD NTTZPF NUAIE NATICE €72 POINN FretPF J¢ PAM-
+HIRL h&e+d aPRIT nYAET ao+3Ne aFAT (PA&A AMDLL ALRRTD NHAAA
P+MLPTF PINA Fhed AAAA PALTFA ADUPEY) (B> .50) PARANT PSA::

P4 YT PARGRYLY PRAGA ATRAC NELA NPTR OM-$t I¢- (F [1,114] =
7269, P = .036)! htH®3< £AT NN JI4 (F [1,114] = 6.684, P = .041)f
NFCHFIRRAN/PEME PAT INN I (F (1,114) = 6.295, P = .034)F ALADE NN I¢- (F
[1,114] = 7.146, P =.037F 19191 £9°9F 171N ¢~ (F [1,114] = 10.209, P =.019)F A78 U9
ATNN AR/ 8% J¢- (F [1,114] = 6.375, P = .045) +hha PRl 248/ AU AT F1t AT8AD-G
AYAET A+INE ATRFA AORARLA:

WAHED PRGE W/ P PR “PARgRYLy PAGA M-ND JRHS +9INC PETIL hEA
+@LPFT NATCT PTINN T ATIARA ANTPP AAD-T?” PAYAD- 10 10 10 NF NAT
PamanANZe 6 Nt+hhl FRAhF P+1F PARIRULT PIRHG ALRRAIPT NIPHT e+ANAM:
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P+MLPF POINA FheF/DMF CRLEPT NDIE +ADM &9 F1+5 +AA+D- 07T
@M F NWIMLH 4 $CNPA=

wIMLH 4
PagoY L PIPHS +90L (classroom assessment practice) P799ZPFF P34 Frie
AL PAD- T95 PP 3L +AD-rD £94F +7F19 (bivariate regression analysis) @-/n, 7+

PIPHI M- 3 LY P+ICF aomy anpng F Lkl
(R%) [P PARLPY/P AU

am? 28

Beta (5) (sig.)

P4LA NPT O™t .685 .828 13.053 .011
P+H@F4 AT NN .638 799 10.585 .017
PFHCFICAAN PAT TN 512 715 6.288 .046
APAME A9INN .682 .826 12.865 012
PY9791C £:gR9F )THN, 370 .608 3.526 109
AN ao/8% .510 714 6.251 .047

Note. Df= (1,114)

NWIMZH 4 AT2+MANTD- N+TLPTF @Mt AL hFPd Ad-m N51.0% — 68.5%
P UIMD- NARIRYLT PNGA DN JPHT ALRRTR AL PP ARPrT (NF9191C & 9R9F 91 THN,
NN+$C) PeZNa C+I0F APMT "R Mt PAZSA: MMk NARIRYULT PAGA O-Nm
IOHG +oNLTF hERRTRT N+THLPT PIINN Mt ®hNA N&E+E +HIRL D¢ 1q PIRHG
+NG P+MLPFT ™Mt Nh&+E 45 a+INL ATLFA (PIPHT ALRRA™ NAAA
P+MLPTF Mt AAAA AT2MTFA) Ad®ARLA (R? > .50) (Fernando, 2024):: fdaneng
£ 3P MF (B) NAEIR PARIRYLT PAGA M-AM JPHT +9NC NATE dReNG ARLY
ALICC/AARAT N+TILPTF PRINN Mt AR (NTI91C £IRPF ITHN NA+PC) NATINL
N51.0 — 68.5 AP2NG ALLTF T3 ATLFP ALIIMA: 2UIR PARIRYULT Ph&A M-NMD
PIPHT +oINC ALRRT® Nt+MZPF NUATE PINN FAF+PT J4- PAG: +HIPR N&+E
mPrIT ALAERT HINE FAT (PAPIRYLT PAKA ATRALC +9NC ALRRATD NAAA
P+MLPF P INA Fhed AAAA PALFA ADUPRT) (8> .50) AdRANLA::

Tahe PP/ AU NARI® (significance level/P): PARIRULT PRGA M- PIPHT
hERRT" N+MLPTF PLLA NPT dm+F (F (1,114) = 13.053, P = .011)F P+HM-F¢ PAF
NN (F (1,114) = 10.585, P = .017)F PFCFIRAAN/PLME AT 3NN (F (1,114) = 6.288, P
=.046)F A*AME PT9INN F (1,114) = 12.865, P =.012) A5 AT7NN PAD/8% F (1,114) = 6.251,
P = .047) T I ThRA PARUPY 848/ AU +HIL AT8AM- (P < .05) P& 12%F +1+5m-
AOPARTA:: RUIP PARIRYLT PAGA O-NM IOHT AL RARTD PHARLPFY PR INN M/ Fie F-
NN a+3NL ATLFA (PICHST +9NC NAAA PHMLPT PARINN MMt AAAA ATLTRF4A
PADANE) UTA: NATRS PARIRYLY PAGA MDD PIRHST +INC NTI9I9IC L IRF <1 THN I
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PAD- +HIRL Y NFNENP FhRA NARPT 828/ HAU AT18ALY PHI+T@ -yt (F (1,114)
=3.526, P =.109) AN &4\

PO-M+ MNELLP

Nnom+ +3+9m ATL+HIARM: PARIRYLY FIRUCTT PAR$PL +oINC ALARTD
N+@LPTF PMINN FheF Il APTFP Thhd PARPT 48/ AU +HIPR ATSAM-T AYAT
NN&+E 828 a+INL ATLFA P& F71T Mk AAPARLA (8= .721 —.946, R? = 519
—.896, P <.05):: P+77 @ APYFP® @m.F NChizhik and Chizhik (2018)* Janssen et al. (2019)*
Karngbeae and Kennedy (2022) A% Lai and Lam (2011) &Ah&* HANTF I P+8I74, 10
ATLRME+RT TIRUCTT ML NAPITRYLT $8T0 JALTHT aPhhd ALY +91N4 NoM-$+
P NMY PT FATM-G° PFIUC+HT GATPF NMANT N+TRLPTF AL PAWALLT PANTANN
A @MIPMT 1O (HY PARPL +NC PN MR, FAMPTF LPZRAI ML AN
SH®TT NATT (ATHEPT) LAPAT MAAGK, INGHT (AOCE dPYLPPT) LMATAT PN
ARt @776, PIPHT NATT £CNA: ATHU ONLT FEPF NOTF AF+8 PAPS. FAM
(P+MLPTY @Mt MAAA) AT EUTA: NHU »FF NUA+ +A®-MPF dehng
(PAPIRYULT PFICUCT ARE HAETT P+MZPF PARINN @Mt) PHIRAN+D AP FP
Thha PaoPy 228/ AU +HIRLIRE N&A&+ PHIAR HCHC PASRE FEPTF NOTF A4 A0
AT ALY ATRMTFA P DT BUPTA: NATRSG: NT9C £9°6 9THN I Fhhd Panyy
2L8/HAU THIRL PA+TTM- (B =.304, R?=.093, P = .464) P+ L 9N+ NN AEhT D
Naed/ +Fm AP 2ANA:

Farhang et al. (2023) A5 Karngbeae and Kennedy (2022) P42 T mg$F92 PHU7Y
MGt APTFP ™Mt LALPA: ATLMTTET NDT+ NtA+4 ARIRYLT APNNA M T
PUFT +NGFT ALIMNDNT NN+FFOE +9Net NTAA HE POPLMNTNTT APMew,
NAMSMFMm-T -, THO ATIPUCH ATLDA A+oINE+ +1N, PNSYT 9N NI/ IFM-:
+MPPR PPRHT AP NT NAPEML PAPIC 0.LAT A PAG PARLLNTA AP L NTIHIE FF T
PAR L +oINLF@ N+HMLPFFD @Mt I NE+HE HHIRL TAP+HT (74T TIRUCTT
AL H@$F P LIATFD APIRULT 917 PAPE A ARTIFM N+TLPFFO> O-MT I
PAG: ATFIF hTOMN$® NAETF PI1A PTA: N+A°AAL Enow and Goodwyn (2018):
Farhang et al. (2023)7 Konig et al. (2021) A5 Saad et al. (2010) NCANF8E AL 1L Fo-
MEEF NARIAT NPt NPT FIRUCTT NDTF MPLT NFATRD- 49N AO+N(
N+LPTF PaeaC &AFHT HIAATT AR APTFP +60F PALEAT N1PFS NFIF Paray(
0LA7T PN4AT PHIRUCTH 1H AFATRAT AT NF AT8.M-A PATAAL N&E+HPTT APAR o8&
AAMTT FAT@- ) AOGRF+1T AT I PATFAAL L+ P+TMLPET Tt NTALY
P PAMRHIT Y @Mt N& PRCIA: NHU ®FTt ATE+HTTE® AU P+HHIRR MMt
paRgRysLy FIUCTT PMSL +NC NPT @Mt I ATRITT 1H AT NOM-+T
N+aed. B3 +91N47T MNTDT A7L99,7N aB/8F L FAA::
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NAA NNRA Lo19P PARgRY LT PAGA ATPAC N+TILPE NUATR P INN Mt T Jé-
APTFP +HIRL ATSAM-GT PARINAN FAe T Nh&+E B28 a+3NL ATLFA helt
T+ @ 07T @Mt AZITMA (B=.718 —.794, R? = 515 .630, P <.05):: U AP >PT
TAnA Aoy 848/ HAUTT PAD Mt NTALP 02 NNChF ANNNPTF N+h%8 DTT
P+8174. 10 Chibsa (2024) NN4&F MG+ NOTF P+HIET AL Nhsd @ND NThhA
NaR+ANC A+TILP FFM AN FE PARMC A LA PARL MG APIRYLT P+, P FFM-T MMt
TMANA ATLMTFN 72% L8 A PT ATLTICE PAP Mt APCNPA:: Wenglinsky (2002)
£99° PNAEP GAGR A& P15 a0t +09/PF7F JoHT dow/F 99879 N7146 P8 h&A
ATANP LT +ALPF AL NNY8T MmTF PAPIRYLT PAGA ATRALC +9INC ALRRTP
N+M@LPF PFIRUCT Mt 4 N&HET ATFIT AT8AMD AZIIMPA:: Olayvar (2021)
NNNATF®- NARIRYLT PAGA ATRALCT NHMLPT PATIIHAHE £7% @Mt d®hhd h&+d
HIPLT AY8A (r = .853) NMTFF@ NTILITDT ALRRA™ APHAAAT APMINZ N1&
PHMLPTF Mt ANC AANA ATLTFA NOMTF TBNELLM AL TARPA.::

Thomas et al. (2010) A78.U- P+MZPF ™Mt NARIRYLY PATA ATDLC +9INC -t
PmAY AT PARIRYLY ™-MF PARAND- Lo9R +a9/PF NAMRHINF @Mt ATLUY
TARPA: PORIRYLT P JALIT NAGA @A L4LRAMAI JALITE NFeLm ddw/+F
P+MMLPTT 0-$FT AYAT ACPANNT PAUAM-D FIRUCT PN 101 NAGA -6 P&
PARIRYLT +oNGF ANGA DN ALRRTPT £I4 ATE, PT ARRAIRI NARUP R AR FhrdF
AND PAIND- ANGA ATRLC 127+ 1M1 NMAT NHTF DM FFO NARIAT PIART Ro9P
Zhu and Kaiser (2022) §F@-:: NMPAL PhA&A @-ND PARIRYLT PAGA ATRALLC NFIUCT
APLT NYAT AT J°HT dPhhA PA £ALE AUT NMPAA paeayc ayf+ayc Y okg
(P+TLPTF FheF/@mt) AT PHIPUCT ACYT MM ATt dBAeR, 0L +NC ATLLY
NHU DT+T PN, +2C710- PPN DTPF AAPAR+PA (Adeleke & Akere, 2023; Wenglinsky,
2001):: NHU N+PeL 7T €290 AA NPT PAGA ATRLC NN FAed AL APTFP
+&AT AT8AD NIAR DTHF PMelT 9t NFarook and Ahmed (2021) $CAA:
+a0 @ PE 255 025 £28 +MLPFT NMA+E NNY8.F MG+ NAPM LS P+7TF APLEPTT
Nt 1+ NAtT +731H10- Ph&A ARZEET N+TLPT @Mt J4- Fhhd Pand
2LBIMAU APYFP HIR LT ATLAAD-T M MhT AP+INL AT8AFA PR LAPARF MMyt (R?
= .041, P = 514) A9%+PA:: BUI® CANTFERT NteTid mG+F Pananranc ANE ALY
Paq MEIP 1M

pangoysy PN N JRHT +oNCE PEMZ A&A +T4PTT NATICS P997NN
Fhed PMANA ThRA PARUPY B28/HAU +HIRR N+ADAN+IRT NE4/TF FF+HTMm- P+7T0-
@Mt PARIRYLT PRAGA MDD JPHT ALRRT® NT9C £92PF ) THN, ax65 N PARTINA
O-MFF I FNNA PaRPY 228/ HAU APTFP HHIPL ATSAD-T ALAFT AP+INL ATRFA
ACIIMA (B =.714—.828, R? = 510 - .685, P <.05):: Caloniaet al. (2023) A72 A+ hanay(
MA+MC +oNLT aPhnA 0Ne NF PRLHD- JPHSTT ALY @Mt I& PMPA+ANCT
PHIRUCT 9ATY 278 AN NE+FTT NARARANT AR+hnP A8 829 PR LATFAT NT°T PUA
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208 @Mt AT720Dm an/B eagAm ATLPT A, 7A&F Ullah et al. (2021) NNM-AF® N+ALID
Y8 PLPIM PHGA M-NM JOHT AAP MMt +HINAITY PORPALST ABLIIET PaRL M
1OE 2AA: N&AEE AN J4 NHI9T NHU mGF P+71TM APTFP P+HIRR MMmFge:
PAP LT PAGA AODLC +9NLTT NMNHAACT N&E+PTFY ARANT NADFAT POxMt £287
NTAPFIARL 71§ A8 FC NML LS AAPM AL T4 £ Fa0gQ

Nah&T HAN N+eTe Pe+ mt NTAPLR PMet Mt F J49° A8
+2I944A:: NECEPL N+ RINCAL d9RUC PURT Li (2012) hOAAGR Adé P15 ant
+a94PF £2009 9°HT (PISA) Mt PATRZNT +A9LPTF TMAM NAPM-AL NNY8F met
N1.L+® 9oHTPF (formative assessment) AT N+TZLPF PaRINN @MF dhhA h&+F
+HIRL. AY8AG FRHTM- N+aRLPTF PARINA §AYF Jé HIPLT ATSAM-T PARGRYL-+ag/,
ATFIRTITR NAPTIFRIT ATLMPLARATS ANL+PA: N+IAAL Xuan et al. (2022)
NM$AL 116,051 +MLPFT NAA+E P+NY8. 48 APMTP MTHT AL AOATTI+T AL 10
1L3® Ph&A M-ND F°HT N+TLPF PAINN Mt I APT1FP NNAT 917 F5%F (ES =
+0.19) AT8AM ATAN+PA:: Yan and Chiu (2021) NN-AF®- 219 U7CF 151,969 P15 a4+
0L +MLPFY Nht+a- PPISA 2018 MG AL NARAR /Tt NNYBF MGFHE INTFT AR
NMe/9s MAAATY NARARHY NAR77@ @M+ AL NARdRw/F pagp/e) panag(
@MA+@C L2+ NPT PINN @Mt I APTFP +HICL AT8AM- AZJITMPA:: NHU
MGFIRT PIRHG Y 2F PARIRYC-+a9 T TFIRFT APANAT INTFT A& ALPLLIT AR T
NN F+A N&+FTT RAAT A PATA PARIRYLT Ph&d M-NM JRHT N+ PF Py INN
oMt I APTFP FhhA POy 48/ AU tHIPR ATLM P/ M- ab/8% & FAA:: PCai et
al. (2022) Tt @MTF 97 AN NPIND +$41 PTA= AmE@m 4837 PUPI9Ih79
+LPTI NMA+E NNY8F MGF PANANLTFET ABLEPT NMPHLP AAT TPL.A +7F 7001
4£3P 9RHGT NH$P+ET NAPhhAZT B2 +TZPF PMINN FAd AL FThhd Paop7
2LEITAU APTFR +&XAT AT8AM-I NN&TE 248 +TLPTF e INA FheF AR 917 PARLD-
+&AT NFLAEAAPR AATRPEY 0aq PARANT PG @Mt APCNPA: LUID 9PHT D& PA
Fhed NATFO +TLPF PRINN Tt AL ADTFP ANTPP PAALLD: AJRT ATLUY
N+ene MG$F PaeaeCaeC AN ALY EMeTMA=

NMPAL NHU MTF NIPHTT NIRANFT NN1E &+A PHANAN TRZEPT N+t
T35 NAT HHITI@ PARIRYLT $RAR PAYNTARC +oINLT (TIPLT PAGA ATPLCT IPHT)
PPEME N&GA £28 +TLPTFY PTRINN FAeF ATIAAA APTFP ANTPP PATD- ARUPHIT
AYAT ao+3Ne ATRFA PARPZIIMs @Mt T +73+PA: MR NHALR 1H LTS
0@-2F Ntwé NChF BTHRF O-MetT I T84 P1PA: hHUTR P+aLPFT P3N
Fhed ATANA PORIRYLTT POMPTT PALRRTD AYA NTINL) P9 LT PAODL.CT PIRHS
+Nt NHAA Uit AT8NTEME MEZ9 AT2M7N dD)THN LFAA: NMPLT NhKA
AODACE NARADHY AN+PP AL +P41 PMGT OrMPT OFP+FM L9990 eIl
goCIRCFY NANLL CHAMMPET ANTPS NNAM 92T ANEAT PR PATIHN PLA=
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PaRgRYLy A& PN+ +oINLT PPEME NEA 28 +TLPFT PTINN FieF
ATARA PAF@T AN+PP aRARCARC PMg+ PG GAY YNC: PHUT TAGR-+HIRL P Mot
WAT W/ 3P mPRPT ACRARAN N160 P25F P35 AEA T99ZPT NIPHTT N8 PATICT £
mgnys NNEA @A 92ANFT AR IR NATE &+A PHANAN: RZEPT NATe +AM-M
£9F 01T DAY HEFAPA: NFIHTE NEF N+ PAAMEL PTFM AT-EF dpag A »Fax
+ZI9mA=: NEYt FIHTD PHTTE MATIR PARIRULT $A& PARNTARL +oNgt
(M LT PAGA AOPLCE ADADHY) N+AZPTF PARINN FAed Jé (NELA NPTR O $t?
NtHD-F25 FCFPRAN PAT INNT APADE NTIINNGT ATNN NARLSF I&) APTFP
Thhd PPy B2B/HAU +HIPL ATBATMS AIHU $-A& PMN+IIC +9NsF NAAK
PtMLPF PINN FAeF AAAA ATLTTFA A+INL ATLF A AZITMPA::

Pt1F ADTFP OMAT NATICE €72 FIRUCT PFHPm-T PEML WA +TLPTF
PRINN Mt TMASASA ATRFTT AGHARAT ARGRYLY PHIRUCT APLTY ALPHIE.:
AGA 04T 9PHT APhTa-+ PR FeNFamY POM-$T+T PhYd @NTIFTY NARAPHT:
Ntha+L A2AMTPT (ATPAAT NTIRUCT BGTE NHhFFL Pa™-P aRAARLT NT1L25F MHT)
@-NTIEEY NORATATE +oNEE (LT ARIRLTG ARARHY) NN Thed MRENC AL
ADYFP ANTPP ATL.LNZN+E 929 PARIN ADPEY PMSA™ §FMm: 2U AT8 U Loqp
NtARIR dPIRYLTT PARLI&T PNt IALTT PANFD- O+E73F ATCALHCTS
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amgoyYs. Y NMA+E P+NYL AP P+7F OMFF7 PTMPAA API° MDY A7L9.PLCT0-
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Abstract
This study aimed to evaluate the extent to which the Grade Eight General ARTICLE HISTORY
Science textbook satisfies the key criteria for the development of Received: 27 March, 2025
students” problem-solving skills. To achieve this objective, content /\CcePted: 25 December, 2025
analysis was employed to examine the entire unit of the textbook. Data
collected through quantitative content analysis were analyzed using KEYWORDS
frequencies and percentages, while qualitative data were analyzed using Textbook; Problem solving
content analysis and the findings were presented thematically through SKill; Criteria; General science
textual descriptions. The findings revealed that 66.5% of the textbook
content was not related to real-life situations. Although students were
made aware of the intended learning outcomes, 71 (78.8%) of the
objectives were confined to factual, lower-level cognitive domains. The
textbook made substantial use of graphic organizers and collaborative
learning strategies (84.8%) as mechanisms for promoting students’
problem-solving skills. However, the use of metacognitive strategies,
process-oriented tasks, and higher-order thinking—provoking activities—
essential for enhancing students’ problem-solving skills—was found to be
limited. To strengthen students’ problem-solving skills, the Grade Eight
General Science textbook should be revised to incorporate situated
problem-based tasks, open-ended questions that foster higher-order
thinking, and explicit metacognitive strategies.

Introduction

Education is the process of learning the knowledge, skills, attitudes, interests,
abilities, competence, and cultural practices of society and passing them on to future
generations in order to foster long-term growth (Lawal, 2013). It is critical to the evolution of
the human mind and underpins all development successes, from medical breakthroughs and
agricultural innovations to effective government administration and private-sector growth. To
completely secure these benefits, a country must cultivate the human mind's potential
(Bruner, 2020; Ozdem-Yilmaz & Bilican, 2020).
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Education cannot solve problems on its own, but educated people endowed with
problem-solving abilities can bring about essential development in the social, cultural and
ecological environment. Education increases output by providing people with up-to-date
scientific and technological information (Becker et al., 2017; Freeman et al., 2015). To be
successful, learners should be equipped with problem-solving skills. It is widely
acknowledged that textbooks serve as major instructional inputs in developing this skill
among learners (Hunegnaw & Melesse, 2023). Textbooks may determine the content of
instruction and teaching procedures in thousands of classrooms (Gak, 2011). Learning
materials based on Problem-Based Learning (PBL) meet effective criteria of higher order
thinking development and can improve problem-solving ability and student self-efficacy
(Peranginangin et al., 2019). In this case, textbooks are extremely important for teaching and
learning (Rashid & Sandaran, 2022). They are widely accepted as common features of
classrooms worldwide and serve as important vehicles for curriculum promotion ( O’Keeffe,
2013). According to recent research, the quality of instructional materials can significantly
affect student learning (Bugler et al., 2017).

In some countries (e.g., Ethiopia, and Nigeria), textbooks are the primary teaching
materials, offering a structured knowledge base that teachers adapt to fit their instructional
goals. Textbooks should be part of the students' activities, and the teacher can include them
into all stages of the teaching-learning process, as well as those learning approaches that need
working with textbooks (Devetak & Vogrinc, 2013). Textbooks also explain the relationships
between real-world occurrences and scientific theories, as well as the content to be taught and
the basic rules for teaching techniques. However, it is important to recognize that insufficient
and inconsistent scientific knowledge offered in science textbooks harms students' ideas, and
some concern has been expressed that textbook notions may not always be accurate (Irez,
2016).

The Ethiopian educational curriculum predominantly emphasizes knowledge
acquisition, with limited attention to learners’ active construction of knowledge (Melesse,
2014). It focused on the transfer of bulky lower cognitive domain content to students. This
one-way transfer of lower cognitive domain content to the students and the loading of
students’ minds with a massive amount of information made them simply an information
collector rather than constructing knowledge by themselves (Dessie, 2015). Scholars have
long criticized transmission-oriented pedagogy for reducing learners to passive recipients of
information. Freire (1970) conceptualized this practice as the banking model of education,
where students merely store deposited knowledge rather than construct meaning. Similarly,
Dewey (1938) argued that learning based on information transmission suppresses reflective
thinking and authentic understanding. Constructivist theorists such as Piaget (1970), and
Bruner (1961) emphasize that knowledge is actively constructed through interaction,
experience, and inquiry, not passively received. When instruction focuses predominantly on
lower-order cognitive domains, as Bloom (1956) warned, students become information
collectors rather than critical thinkers and knowledge producers.

Even if the Ethiopian educational policy recommended a concise and student-centered
curriculum, studies such as Mebrahtu and Ejigu (2019), and Tesfamariam et al. (2014) have
indicated that the Ethiopian science curricula were too theoretical and overloaded, and used
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teacher-centered (commonly called “chalk and talk”) teaching methods that expect students
for mere recalling large amounts of factual information to pass examinations.

Problem solving entails analyzing the possible causes of a non-routine problem and
formulating an action plan to tackle this problem (Mogari & Chirove, 2017). People utilize
their problem-solving abilities at all times, both in their personal and professional lives.
Practical problem solving in the workplace typically demands following a step-by-step
procedure and using a set of specified problem-solving skills. The ability to solve problems is
a basic life skill essential to our daily lives. People utilize their problem-solving abilities
continuously in both their personal and professional lives (Jonassen, 2000; OECD, 2018).
Practical problem solving in workplace contexts typically requires following step-by-step
procedures and applying a set of specific cognitive and metacognitive skills (Pélya, 1957;
Sternberg, 2012). The ability to solve problems is widely recognized as a fundamental life
skill essential for effective functioning in everyday situations (Trilling & Fadel, 2009).

Problem-solving skills used in daily life can be taught, practiced, and transferred from
classroom learning experiences to real-life contexts (Bransford et al., 2000). The problem-
solving skills used in our day-to-day lives can be taught or adapted from classroom situations.
Students who successfully solve real life related problems in the classroom can have self-
confidence in solving problems outside the classroom situation as well. That is, teaching
students using a problem-solving approach makes learners have a better understanding,
enjoyable learning experience, and better academic performance, and makes them critical
thinkers. In other words, students who successfully solve real-life—related problems in
classroom settings are more likely to develop confidence in solving problems beyond the
classroom environment (Bandura, 1997). Put differently, teaching through a problem-solving
approach promotes deeper understanding, more enjoyable learning experiences, improved
academic performance, and the development of critical thinking skills (Hmelo-Silver, 2004;
Prince & Felder, 2006). Therefore, to effectively enhance students’ problem-solving skills,
curricular materials need to be redesigned and constructed to support problem-based, inquiry-
oriented, and learner-centered instructional approaches (Jonassen, 2011; Darling-Hammond
et al., 2020).

To advance national development and equip students for success in the twenty-first
century, the curriculum should undergo a paradigm shift in emphasis from an immutable
view of knowledge transmission to a view of dynamic knowledge construction (Kassaye,
2024). This can be attained only if the curriculum and curricular materials are designed
according to the criteria of problem-solving skills development charted out by renowned
scholars in the area (e.g., Melesse, 2014; Jonassen, 2011; Bransford et al., 2000).

This goal can be achieved only when the curriculum and its associated instructional
materials are designed in accordance with well-established criteria for the development of
problem-solving skills articulated by leading scholars in the field (e.g., Jonassen, 2000;
Hmelo-Silver, 2004). Such curricular materials should position students as active agents in
solving problems and constructing new knowledge, rather than passive recipients of ready-
made information imposed upon them (e.g., Jonassen, 2011; Bransford et al., 2000).

To effectively enhance learners’ problem-solving abilities, the criteria guiding
textbook development should incorporate problem-based learning, clearly defined learning
phases, task recursiveness, the use of graphic organizers, metacognitive engagement, and
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collaborative learning opportunities (e.g., Melesse, 2014; Jonassen, 2011; Pdlya, 1957;
Bransford et al., 2000). Textbooks developed based on these principles encourage students to
actively engage with content, apply what they have learned, and thereby develop stronger
problem-solving skills as well as higher-order thinking capacities.

As previously highlighted, textbooks play a central role in supporting students’
problem-solving skill development. Hence, it should be prepared by incorporating key
criteria of student problem-solving skill development disclosed earlier. To ensure that
textbooks are prepared with the key criteria of student problem-solving skills development in
mind, textbook evaluation should be conducted regularly (Hunegnaw & Melesse, 2023;
Bishaw, & Ayalew, 2013). It aids in identifying what is missing as well as the curriculum’s
inherent strengths and weaknesses. It provides data for continuous textbook modification and
determines whether the curriculum's intended goals have been met. As a result, it is crucial to
evaluate whether textbooks are prepared using key criteria for problem-solving skills
development.

In any curriculum, teachers, students, and textbooks are the main components of
classroom instruction (Guerrettaz & Johnston, 2013). Science textbooks, as a reflection of the
objectives and outcomes of teaching/learning, have always played a vital role in influencing
what science is taught, and more importantly, how science should be taught in a classroom. In
many countries (e.g., Ethiopia, Nigeria, Turky), textbooks are regarded as the principal
reference tools for classroom instruction. This is especially true in schools in developing
countries, where both teachers and students rely significantly on textbooks for instruction.
For instance, according to Upahi et al. (2020), Nigerian science teachers rely on textbooks to
choose acceptable information to teach their students. Ethiopian researchers (e.g., Hunegnaw
& Melesse, 2023) confirmed that Ethiopian science/chemistry teachers rely primarily on
textbooks for various reasons. As a result, curriculum developers should design a textbook
with an exceedingly critical approach that develops higher order thinking and problem-
solving skills, thus improving student achievement and curriculum success.

A good textbook, as emphasized by more recent scholars, should be learner-centered,
support self-directed learning, allow students to progress at their own pace, provide
meaningful exercises to deepen conceptual understanding, and clearly state learning
objectives prior to instruction (Pingel, 2010; UNESCO, 2016). Accordingly, it is advisable to
evaluate grade eight general science textbook to determine whether they have been prepared
in alignment with these contemporary textbook quality criteria.

The grade eight general science students’ textbook which is prepared by the Amhara
National Regional State Education Bureau is first published in 2023. Experts in the Amhara
National Regional State Education Bureau and the scholars’ council participated
collaboratively as writers and editors during this textbook preparation. All governmental,
public, and private schools have used this textbook throughout the region. As far as the
researchers’ knowledge is concerned, there is no study conducted on the evaluation of grade
eight general science textbook status concerning students’ problem-solving skill
development. Hence, the researchers were initiated to evaluate grade eight general science
textbook vis-a-vis the key criteria of problem-solving skills development. With this in mind,
the following research questions were raised:
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1. Does the grade eight general science textbook incorporate content related to real-life
problems?

2. Does the grade eight general science textbook provide information about learning
objectives?

3. Does the grade eight general science textbook provide students with a chance to
predict and summarize information by posing process-type questions?

4. To what extent does the grade eight general science textbook promote students’ use
of graphics?

5. To what extent do the grade eight general science textbook support meta-cognitive
strategies?

6. To what extent does the grade eight general science textbook support cooperative
learning?

Methods

A mixed-methods research approach was used in this study to collect relevant data,
and the integration of both quantitative and qualitative approaches was intended to explicate
the researchers’ investigation with the intention that one does not fault or diminish the
strength of another but rather complements each other to make sound interpretation and
conclusion.

Content analysis (quantitative and qualitative) was employed to describe the status of
the textbook regarding problem-solving skills criteria. Content analysis is a research method
in which a researcher obtains data from recorded information or information that has been
recorded in texts, media, or physical items. As a qualitative approach, content analysis is
based on the assumption that texts are rich data sources with the potential to reveal valuable
information about specific phenomena, and as a quantitative approach, content analysis is a
method based on the systematic coding and quantification of content concerning the stated
criteria.

The instruments and units of analysis vary with the nature and purpose of the research
that researchers undertake (Selvi, 2019). Hence, the unit of analysis may be a single
word/phrase, letter, symbol, sentence, paragraph, whole text, theme, or entire textbook. In
this study, to answer the basic research questions, illustrations, tables, flowcharts, graphics,
topics and sub-topics, questions (in-text questions, activities, exercises), and instructions
(directions) included in the textbook were used as unit of analysis (Melesse, 2014). The
findings from these units of analysis served as a basis for assessing the degree to which the
eighth-grade general science textbook facilitates the development of problem-solving skills.
To collect data from these data sources, checklists were prepared and carefully used by the
researchers throughout the analysis.

As the research follows a mixed-methods approach, both quantitative and qualitative
data analysis techniques were employed. Qualitative data were analyzed using data driven
thematic narrative analysis method, and quantitative data were analyzed using frequency, and
percentage distributions. After expressing the quantitative data in terms of frequency, and
percentage, the calculated data were expressed using graphic and tabulation representations.
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Findings

Evaluating the Textbook against Situated Problem Learning Criterion

The extent of problem-solving skill development in grade eight general sciences
textbook was assessed in relation to situated problem learning criterion. Contents and sub-
contents were classified into those that provide life situated and non-life situated learning.

Table 1 indicates that out of 161 contents in the grade eight general science textbook,
54(33.5%) of the topics are presented in relation to real-life context, while the remaining
107(66.5%) of the topics are not presented based on real-life contextualized approach. To
promote students’ problem-solving skills, textbooks should incorporate more life-situated
learning than un-contextualized learning. More specifically, from Table 1 in Unit One,
2(33.3%) were real life related presentations and the remaining 4(66.7%) were non-real life
related presentations.

In Unit Two, 1(14.28%) is real life related presentation, and the remaining 6(85.7%)
are un-contextualized presentations. In Unit Three, 2(8%) are real life related presentations,
and the remaining 23(92%) are un-contextualized presentations. Similarly, in Unit Four,
21(52.5%) are real-life related, and the remaining 19(47.5%) are un-contextualized
presentations. In Unit Five, 17(53.12%) are context-based, while 15(46.87%) are un-
contextualized ones. In Unit Six, 2(11.76%) are context-based, while the remaining
15(88.23%) are un-contextualized presentations. Lastly, in Unit Seven, 9(36%) are context-
based, but the remaining 15(64%) are un-contextualized. As can be seen in Table 1, four units
have very low contextualized presentations (Units, 1, 2, 3, and 6) while two units (Units 4
and 5) have a relatively higher number of contextualized presentations.

Table 1
Contents of the Textbook Related to Real Life Problems and Students’ Experiences
Unit Topic presented related to real Topic presented not related to real Total
life situations life situation
1 2 4 6
2 1 6 7
3 2 23 25
4 21 19 40
5 17 15 32
6 2 15 17
7 9 25 34
Total 54 (33.5%) 107(66.5%) 161

In situated learning, students are faced with the problem that they know in their real
life and they can easily solve the problem that they faced. For example, in grade eight general
science textbook (Page, 44); to teach students about indicators, local indicators prepared by
extracting from different parts of plants such as roots, leaves, flowers or fruits were used. The
inclusion of Petunia flowers and Beetroot as natural indicators leverages students’ prior
knowledge of their surroundings. This approach facilitates a deeper understanding of
chemical indicators by grounding abstract concepts using real-world examples. There is also
an impressive way of relating content to real-life problems; to teach about chemical change,
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students were asked to do activity (Page 53) which says “In everyday life, souring of “Tella”
and “Milk” is a common problem. What do you suggest to extend the age of “Tella” and
“Milk” without souring? And what is the common indigenous knowledge used by the people
in your locality? Ask your parents, why they tightly pack the containers of the crude mixture
(Difidif) of Tella or Teji?”” Similarily on Page 53, to teach students about action of acids and
soap on metals (Gold or Silver with lemon juice) the text use questions like “Your Mom often
washes her jewellery made from Gold or Silver with lemon juice. Why did she use lemon
juice to clean her jewellery instead of soap?”” The incorporation of these types of questions
best illustrates a situational learning approach. However, because science exists within
learners’ daily lives, textbook developers have ample opportunity to include more life-
situated learning activities than are currently provided.

Evaluating the Textbook against Phases of Learning Criterion

To enhance problem-solving skills of students, besides the inclusion of problem-
situated content in the textbook, students should also be informed about the learning
objectives before the teaching learning process. Following the learning objectives, questions
(process type) should be forwarded to raise awareness of what is expected from them. The
learning objectives stated in the textbook were counted and related to the contents presented
to analyze the extent of grade eight general science textbook problem-solving skill
development (whether or not the textbook motivates students’ problem-solving skills through
informing them of the learning objective). As problem-solving skill development is closely
related to the cognitive level of learning objectives, the objectives were analyzed based on
Bloom’s taxonomy.

As seen from Table 2, there are no general objectives designed in each unit of grade
eight general science textbook. There are 90 specific objectives designed and stated next to
the main topic, and each specific objective is designed for the sub-topic found in the
textbook. From the analysis, there are 153 topics and sub-topics in the textbook. Despite
scholarly recommendations emphasizing constructive alignment between learning objectives
and content (Tyler, 1949; Taba, 1962; Biggs & Tang, 2011), the results reveal a clear
imbalance, with contents and sub-contents far outnumbering the specific objectives.The
textbook writers should have incorporated general objectives to inform students about the
main goal of their learning. Thus, the textbook was poor in enhancing students’ problem-
solving skill development for it fails to incorporate learning objectives at the beginning of
their learning.

Table 2
General, Specific Objectives and Sub-Contents Incorporated in the Textbook
Unit General Objectives  Specific Objectives Content
1 4 6
2 6 8
3 8 27
4 24 36
5 27 25
6 7 17
7 - 14 34
Total - 90 153
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As seen from Table 2, most of the specific objectives reflect knowledge level thinking
or allow students to recall facts and theory that are learned in the class. The objectives
expected from grade eight general science syllabus are 59(65.5%) recalling knowledge level,
12(13.3%) comprehension, 7(7.8%) application, 6(6.6%) analysis, 4(4.4%) synthesis, and
1(1.1%) are evaluation levels.

Table 3
Process and Factual Type Objectives
Unit Recalling and factual objectives Processing type questions Total
Knowledge Comprehension  Application Analysis  Synthesis  Evaluation
1 2 1 1 - - - 4
2 4 1 - 1 - - 6
3 5 2 - - - 1 8
4 16 2 3 1 1 - 24
5 20 3 1 1 2 - 27
6 4 1 1 1 - - 7
7 8 2 1 2 1 - 14
Total 59(65.5%) 12(13.3%) 7(7.8%) 6(6.6%)  4(4.4%) 1(1.1%) 90

Even if science is more of experimental, students are expected to recall facts and
theories rather than encourage them to perform tasks through different processes. The
textbook does not promote problem-solving skills by incorporating processes and higher-
order thinking objectives.

In the textbook, almost all the designed objectives (factual and process type learning
outcomes) are clearly presented. Hence, students do not need to discuss with others, refer to
other materials, think more by themselves, and relate the objectives with life situations to
accommodate the designed objectives; instead, students can obtain all detailed notes in the
textbook. This can make students textbook-dependent rather than solving problems by
thinking in a multidimensional way.

Evaluating the Textbook against Recursiveness Criterion

The inclusion of activities (problems) that motivate students to summarize, analyze,
apply, and evaluate ideas can enhance their problem-solving skills. In doing so, textbooks
should incorporate process-type questions than simple (factual) content types. To evaluate
whether activities and problems incorporated in grade eight general science textbooks were
designed to enhance students’ problem-solving skills, questions in the textbook were counted
and categorized into process and content (factual) questions. Table 4 shows that a total of
1136 activities were forwarded to students to engage them with thinking more about the topic
and to answer those activities. Most of the activities incorporated in the textbook
(685(60.3%)) were process type questions.
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Table 4
Types of Questions Incorporated in the Activities of the Textbook
Unit Types of questions incorporated in the activities of the textbook

Factual/content based  Process Total
1 23 32 55
2 43 28 71
3 91 79 170
4 143 255 398
5 41 120 161
6 50 54 104
7 60 117 177
Total 451(39.7%) 685(60.3%) 1136

For example, in the grade 8 general science textbook (Page 33), the following
process-oriented activit While the remaining (451(39.7%) of the activities incorporated in the
textbook allowed students to remember facts and principles. ies were provided to teach
students about rusting: “Have you ever seen a rusted nail or piece of metal in your
surroundings? What color do they have? Is it similar to the original color? Why?" Hence, the
textbook was prepared through incorporating problem-solving skill elements and it is best to
enhance students’ problem-solving skill. However, the problem here is that almost all the
process activities that are forwarded in the textbook are followed by brief and elaborate
answers immediately under them. This in turn encourages students to simply assess the notes
written under to answer questions rather than discussing with others and thinking more about
the activities given. Further, it leads students to grasp factual knowledge and information
dependence rather than problem-solving skill development.

Table 5
Classification of Questions into Process and Factual by Content
Content Type of questions
Factual type Process type Total
Chemistry 134(55.6%) 107(44.4%) 241
Biology 184(32.9%) 375(67.1%) 559
Physics 110(39%) 171(61%) 281
Total 428(39.6%) 653(60.4%) 1081

As can be seen in Table 5, 134(55.6%) Chemistry content questions are asked in the
factual level while the remaining 107(44.4%) tasks are prepared using process type forms.
Biology content also incorporates 184(32.9%) factual tasks and 375(67.1%) process type
tasks, and lastly Physics contents contain 110(39%) factual tasks and the remaining
653(60.4%) were process types.

76



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026

Derejaw Y. W/Mariam & Solomon M. Mengistie

Figure 1

Graph Showing the Distribution of Types of Tasks in Textbook
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As shown in Figure 1, Chemistry contents incorporate least amount of process type
tasks, which is poor to enhance students’ problem-solving skills while in Biology contents
most of the tasks are prepared in the form of process type question that is best to enhance
students’ problem-solving skills. To enhance students’ problem-solving skills, the textbook
(Chemistry part) should incorporate more process and project-type questions than before.
Hence, the textbook (Chemistry part) did not enhance the students’ problem-solving skills by
incorporating process-type exercises and summary questions.

Evaluating the Textbook against the Use of Graphic Organizers Criterion

A graphic organizer is an instructional tool that can assist students in organizing and
structuring information and concepts, as well as promote problem-solving thinking skills
regarding relationships between and among concepts. It can also assist pupils in organizing
and clarifying their thoughts, inferring answers to issues, and communicating their thinking
techniques with others. As graphic organizers have many advantages, the status and quality
of graphic organizers included in grade eight general science textbook were examined. All
graphic organizers were tallied and classified according to their type and intended usage to
assess the status and quality of the graphic organizers included in the textbook.

Table 6
Types of Graphic Organizers Used in the Textbook

Units  Types of graphic organizer
Flow chart  Drawing Picture/photo Table Graph  Total
1 1 1 - 1 - 3
2 - 5 - 3 - 8
3 - 1 5 10 - 16
4 4 48 8 16 - 76
5 5 8 9 6 - 28
6 1 13 1 3 - 18
7 - 30 2 5 - 37
Total 11 (6%) 106 (57%) 25 (13.4%) 44 (23.6%) - 186
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Table 6 shows that to develop the problem-solving skills of students, different forms
of graphic organizers are presented in the textbook. From Table 6, the majority of graphic
organizers 106(57%) are presented in drawing or sketch forms and, followed by table graphic
organizer 44(23.6%). While pictures/photos 25(13.4%), and flow charts 11(6%) are ranked
third, and fourth, respectively; there is no graphic organizer in the form of graphs.

A graphic organizer assists students in organizing, analyzing, and synthesizing their
knowledge, concepts, relationships, strategies, and communication. It also provides a starting
point for each student's problem solving process. In particular, allowing students to develop
their own graphic organizers made students to have ownerships, and their creativity increased
through the process and their problem-solving skills could be maximized. Most of the content
in the textbook was supported and presented using different graphic organizers, which
promoted students’ problem-solving skills.

In addition, as presented in Table 6, there is graphic representation in the textbook
that were forwarded to students to complete or create their own graphic organizers. For
instance, on Page 84 activity 4.26, students are allowed to develop their own pictures which
ask them to fill parts of the digestive system by their own. On Page 158, activity 6.3, students
were allowed to draw geocentric and heliocentric models and asked to describe the model.
On Page 91, activity 4.31, students were asked to draw a flow chart and to level organ of the
respiratory system from inside to outside and verify the general characteristics of them. As
the same fashions, students are allowed to draw pictures and tables by themselves. The
textbook best promoted students’ problem-solving skills by incorporating graphic organizers.
It is also better if it incorporates graphs to enhance students’ problem-solving skills.

Evaluating the Textbook against Meta-Cognition Criterion

Problem-solvers who engage in metacognitive activities become aware of their
abilities and limitations. To investigate whether eighth grade general science textbook
improves students' problem-solving skills, incorporated meta-cognitive strategies were
qualitatively evaluated.

To enhance students’ problem-solving skills, they must be self-aware of their learning
through the metacognitive strategies. As examined, grade eight general science textbook did
not incorporate metacognitive strategies, and students had no room that makes them to reflect
on their need for learning. As the text shows, even laboratory activities which were forwarded
to the students were already pre-determined and strictly closed-type inquiries. One can
imagine that students in the laboratory session have a freedom of looking at what is
theoretically learned in the class.

However, in reality, students were allowed to perform all the activities strictly
following the procedure written in the manual, which may not allow students to freely
perform their inquiry in their interest. Generally, meta-cognitive strategies such as asking
students to develop their plan, to evaluate themselves, to evaluate their plan, to monitor or
correct their mistakes, etc., were not considered in the textbook.
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Evaluating the Textbook against Collaborative Learning Criterion

To assess the extent to which grade eight general science textbook supports problem-
solving skills development through collaborative instruction, activities that were forwarded to
students were counted, and the way that instruct them to do so was identified. The instructed
tasks were categorized into group work, pair work, individual work, undefined tasks, and
laboratory tasks. By default, it is obvious that laboratory work is a group work. However, the
researchers want to give emphasis to laboratory work rather than group work in the class with
respect to students’ problem-solving skill enhancement, and those tasks were counted
independently.

Table 7 demonstrated that, in the grade eight general science textbook, most of the
activities, 196(84.8%) engaged students to solve them in their groups. Students learn
something mainly if they share their understanding with others and see how they understand
issues. As it can be seen from the Table, 8(3.5%) of the tasks were designed to engage
students in laboratory activities, which made them to discuss in their group on the real facts
that were observed in their laboratory activities.

Table 7
Extent of Activities that Promote Collaborative Learning
Unit Types of Collaborative task
Group work  Pair Individual work  Not defined  Laboratory work  Total
work
1 21 3 1 - 25
2 25 4 - - 29
3 29 2 2 2 35
4 56 1 2 1 71
5 26 1 3 4 34
6 15 - 4 1 - 20
7 24 - 1 2 1 28
Total 196 (84.8%) - 16 (6.9%) 11 (4.8%) 8 (3.5%) 231

And 16(6.9%) textbook activities allowed students to perform it independently. The
remaining 11(4.8%) of tasks in the textbook did not address how students were expected to
perform them. As 196(84.8%) of the tasks were group tasks that allowed students to perform
their tasks in their group, the textbook was prepared in such a way that it targeted to enhance
students’ problem-solving skills development through collaborative teaching.

Discussion

Out of 161 contents in grade eight general science textbook, 54(33.5%) of the topics
were presented in relation to the real-life context approaches, while the remaining
107(66.5%) of the topics were presented in un-contextualized approach. In support of this
study, Solomon and Alemayehu (2018) evaluate grade nine geography textbook vis-a Vis the
key criteria of problem-solving skill development and the result revealed that 31(23.13%) and

24(17.91%) of the topics were presented in contextualized form addressing actual problems
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and students' personal experiences, respectively. The un-contextualized contents account
79(58.96%) of the total topics in the textbook.

The objectives expected from grade eight general science lesson were 59(65.5%)
recalling knowledge level, 12(13.3%) comprehension, 7(7.8%) application, 6(6.6%) analysis,
4(4.4%) synthesis, and 1(1.1%) were evaluation levels. In contrast to this finding, grade
eight general science textbook of Turkey focuses on comprehension level, which accounts
61% of the total objectives (Zorluoglu et al., 2020). Turkey’s textbooks comprised remember
16%, apply 5%, analyze 13%, evaluate 0%, and create 5%. Compared to the Ethiopian
textbook, the majority of Turkey’s grade eight general science textbook objectives were
concentrated at the understanding level. Even if this was so, there were no objectives in
Turkey’s grade eight general science textbook designed at the evaluation level, while in
Ethiopia, 1.1% objectives were designed. Including evaluation questions in the Ethiopian
textbooks is promising compared to Turkey’s counter parts.

Even if all of these content-based factual activities are designed to be done in groups,
students are allowed to list, define, and remember facts and are not allowed to think in a
multidisciplinary approach. As compared to Turkey’s textbook (86% factual and 14%
procedural) learning outcomes Zorluoglu et al. (2020), Ethiopian grade eight general science
textbook (39.7% factual and 60.3% procedural/process) learning outcomes are better for
enhancing students’ problem solving skills. In other hand Mengistie et al. (2020) evaluated
grades 9 and 10 mathematics textbooks vis-a-vis fostering problem solving skills and
reported that those textbooks are at low level of inclusion of problematic situations and
general strategies of problem-solving. The study also concluded that, though the syllabus
demands activities that foster problem solving, the upper primary mathematics textbooks in
Ambhara region do not contain adequate activities that can foster problem-solving skill of
students.

Most education systems worldwide are used to adapt curricula and instructions to
provide students with cooperative skills. For example, Singapore in 2000 introduced project
work for grade 11 students as a main instruction in their pedagogical program and assumed
that it gives students the opportunity to synthesize knowledge from various areas of learning
and apply it critically and creatively to real-life situations (Tan, 2017).

The findings show that graphic organizers in the grade eight general sciences textbook
are predominantly limited to drawings (57%) and tables (23.6%), with pictures (13.4%) and
flowcharts (6%) used sparingly, and graphs completely absent. This limited variety constrains
students’ engagement with diverse visual representations that are crucial for interpreting data
and supporting higher-order problem-solving (Novak, 1998; Kim et al., 2004). Procedural,
manual-driven activities further restrict inquiry, as students are guided step-by-step rather
than allowed to explore and investigate according to their interests (Hmelo-Silver, 2004).

The near absence of metacognitive strategies—planning, monitoring, self-
evaluation—also limits learners’ capacity to regulate their own learning. This finding is
consistent with Mengistie et al. (2020), who reported that Ethiopian upper primary textbooks
inadequately foster metacognitive and problem-solving skills. In contrast, Turkey’s grade
eight science textbook incorporates 5% of learning outcomes based on students’
metacognitive knowledge (Zorluoglu et al., 2020), highlighting a comparative shortfall in the
Ethiopian textbook.
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However, the textbook does provide a strong emphasis on cooperative learning, with
84.8% of tasks designed for group work. This aligns with research suggesting that
collaborative learning enhances problem-solving skills through peer discussion and shared
reasoning (Johnson & Johnson, 1999; Tan, 2017). Yet, without complementary metacognitive
scaffolding and open-ended inquiry, cooperative activities alone may not fully promote
independent problem-solving competence (Jonassen, 2000).

Conclusion

Based on the findings above, the researchers have reached the following conclusions:

All topics and subtopics were addressed and assessed through different types of
activities, such as startup activities, exercises, and review exercises. These tasks make
students aware of and allow them to practice problem-solving strategies. Even if the startup
activities and exercises forwarded in the textbook were open-ended and focused on higher-
order cognitive domains, the majority of review exercises were concentrated in the lower
cognitive domain. In the review question, students were allowed to choose, match, and fill in
the blank space, which taught them to recall facts and principles rather than critically and
creatively think. All activities presented to students in the textbook were designed for group
work. However, summary questions and exercises could be completed individually, while in-
text questions lacked explicit instructions regarding grouping. Notably, no tasks throughout
the textbook were assigned to be completed in pairs. Almost all problem-solving skill
development criteria, such as content presentation relating to real-life situations, phase of
learning (initiating students to do it themselves), focusing on process-type content, graphic
organizer, and cooperative learning, were considered during textbook preparation. However,
metacognition (giving room to students' thinking and feelings) and process type and higher-
order thinking questions were found less considered during textbook preparation.

Recommendations

It was established that the textbook mainly emphasizes knowledge of facts and
principles. Integrating life-situated problem-related activities, incomplete graphic organizer,
and recursiveness should also be emphasized in textbook preparation. The objectives of
eighth-grade general science textbook are primarily focused on the lower-level cognitive
domain (knowledge and comprehension). Hence, the textbook writers should focus on
higher-order cognitive thinking skills to develop problem-solving skills. As a guide, textbook
writers should use other collaborative learning efforts, such as field trips, social activity
observation, environmental assessment, and various project works, which have received little
attention in the evaluated textbook, to improve students' problem-solving skills and achieve
the expected learning outcomes.

The textbook writers should incorporate process type questions than factual types.
Besides, textbook authors should incorporate metacognitive strategies and emphasize
students' needs and interests during the teaching and learning process to promote students'
problem-solving skills, as well as understand students' levels of performance through self and
peer evaluation.
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Abstract
This study aims to test Self-Determination Theory (SDT) and its core ARTICLE HISTORY
hypotheses within the Ethiopian science and mathematics classroom Received: 22 July, 2025
context. Data were collected from 332 students in public and private #\ccepted: 15 December, 2025
schools using validated questionnaires, while academic achievement was
measured using official first-semester mathematics and science scores. KEYWORDS
The hypotheses were tested using PLS-SEM. The results supported all Teacher Support; Need
hypothesized SDT relationships. Path analysis indicated that teacher Eﬁg;g‘;ﬂgﬂéggsﬂosoén'\m
support was a significant positive predictor of students’ psychological Ethiopia
need satisfaction (B = 0.587; t = 12.257). Need satisfaction, in turn,
strongly predicted both classroom engagement ( = 0.294; t = 3.623) and
academic achievement (B = 0.146; t = 2.038). Furthermore, mediation
analyses confirmed that classroom engagement partially mediated the
relationship between need satisfaction and achievement (indirect effect: (
=0.074, t= 2.566, p < 0.05); total effect: (B = 0.232, t= 3.304, p < 0.001)
and between teacher support and achievement (indirect effect: f = 0.066,
t=2.432, p < 0.05; total effect: B =0.369, t = 6.898, p < 0.001). Overall,
the findings provide empirical support for SDT in Ethiopian science and
mathematics classrooms and suggest that need-supportive teaching
practices can enhance student engagement and academic performance.

Introduction

Student engagement is widely recognized as a critical factor influencing adolescents’
academic progress and their future educational and career pathways in STEM fields (Maltese
& Tai, 2010; Wang & Degol, 2014). However, evidence suggests that engagement in
secondary school mathematics and science tends to decline, particularly among students from
disadvantaged backgrounds (Bobis et al., 2016). Importantly, engagement is not a fixed
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student trait but a dynamic and context-sensitive motivational state that can be shaped
through classroom experiences and educational interventions (Skinner et al., 2008; Skinner et
al., 2009). Understanding the factors that promote or undermine engagement is therefore
essential, especially in mathematics and science learning contexts.

The present study is grounded in self-determination theory (SDT) (Deci & Ryan,
2000; Ryan & Deci, 2020), which provides a well-established framework for explaining how
social environments influence student need satisfaction, engagement, and achievement. SDT
proposes that contextual factors, such as students’ perceptions of teacher support, contribute
to learning outcomes through the satisfaction of three basic psychological needs: autonomy,
competence, and relatedness. Although SDT has been widely applied in educational research,
relatively few studies have examined the full motivational sequence linking teacher support,
need satisfaction, engagement, and achievement within a single integrated model, particularly
in STEM classrooms (e.g., Zhou et al., 2019; Leo et al., 2022).

In this study, classroom engagement is conceptualized as students’ cognitive,
emotional, and behavioral participation in learning activities that contributes to effective
academic outcomes (Fredricks et al., 2004). Behavioral engagement reflects students’ active
involvement in classroom tasks and persistence in learning. Emotional engagement refers to
affective reactions such as interest, enjoyment, and value toward learning activities.
Cognitive engagement represents students’ investment in deep learning, effortful thinking,
and willingness to master challenging content.

Within SDT, teachers play a central role in fostering engagement by supporting
students’ psychological needs through three key dimensions of need-supportive teaching:
autonomy support, structure, and involvement (Reeve et al., 2004; Ryan & Deci, 2020).
Autonomy support involves encouraging student choice, acknowledging perspectives, and
providing meaningful rationales. Structure refers to creating a clear, consistent learning
environment with guidance, feedback, and optimal challenges. Involvement reflects teachers’
emotional connection, care, and dedication to students’ learning.

Empirical evidence consistently demonstrates that perceived teacher support and need
satisfaction are strong predictors of student engagement and academic outcomes. For
example, Skinner et al. (2008) found that supportive teacher behaviors promote engagement
and reduce disaffection through autonomy satisfaction. Similarly, Tao et al. (2022) reported
that teacher support positively influences engagement and achievement in mathematics and
science classrooms. However, findings regarding the mediating role of engagement between
teacher support and achievement remain mixed, with some studies identifying cognitive
engagement as the strongest mediator and others reporting weaker or inconsistent effects
across engagement dimensions (e.g., Jelas et al., 2016; Dincer et al., 2019).

Despite growing international evidence, research on student engagement in Ethiopian
mathematics and science classrooms remains limited. Existing studies have largely focused
on instructional approaches, attitudes, or general engagement levels (e.g., Tuji, 2006; Darge,
2006; Tagele, 2018; Zeleke & Semela, 2015), leaving a significant gap in understanding the
psychological mechanisms through which teacher support influences engagement and
achievement.

To address this gap, the present study applies SDT to examine how Ethiopian high
school students’ perceptions of autonomy support, structure, and involvement relate to their
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psychological need satisfaction, classroom engagement, and ultimately achievement in
mathematics and science. By testing this motivational sequence, the study contributes to a
deeper understanding of engagement processes in an under-researched educational context.

Overall, the aforementioned findings have supported the SDT-based motivational
model of teacher support -> student need satisfaction -> student classroom engagement ->
achievement (Vallerand, 1997; Ryan & Deci, 2020). However, several prior work features
limit the possibility to draw a definitive conclusion. Our work contributes to this research
field in the following aspects.

Firstly, the bulk of SDT research has focused on autonomy support or considered
teacher support as one overall factor. Relatively limited attention has been devoted to the
combined roles of autonomy support, structure, and involvement (Hornstra et al., 2021;
Olivier et al., 2021). As a result, the current study aimed to investigate the role of the three
dimensions of teacher support, therefore expanding earlier findings.

Secondly, numerous SDT studies have examined the interrelations among several
motivational variables, yet only a limited number of studies have tested the full sequence of
associations within one single integrated model (Leo et al., 2022). So far, the chain of need
satisfaction to autonomous motivation has been revealed to mediate the association between
overall teacher support and engagement (Standage et al., 2005), as well as between teacher
autonomy support and engagement-related variables (Leo et al., 2022). As discussed earlier,
however, the relations between need satisfaction and student achievement as well as between
perceived teacher support and student achievement have been mediated by classroom
engagement (Standage et al., 2005; Leo et al., 2022). As such, the present study applied the
mediation role of classroom engagement to the full SDT-sequential model.

Third, previous research in this area has been focused on students from Western
cultures (e.g., Standage et al., 2005; Leo et al., 2022). The present study extends the
application of the SDT-sequential model to Ethiopian science and mathematics classroom
contexts, thereby offering valuable contextual and cross-cultural insights. As a result, it is
useful to study the SDT-sequential model using a sample from Ethiopia.

Finally, most of the earlier studies have predominantly been conducted only on one
subject (mainly in math) (Vasconcellos et al., 2020). Nevertheless, students can be affected
by the teachers in different subjects rather than teachers of one subject. It is necessary to test
the predictive role of teacher support across subjects, including chemistry, biology, physics,
and mathematics.

Based on the SDT framework and the relationships outlined above, the following
hypotheses were formulated:

e Hypothesis 1 (H1): Perceived teacher support significantly influences students’ perceived
need satisfaction.

e Hypothesis 2 (H2): Perceived teacher support significantly influences students’
classroom engagement.

e Hypothesis 3 (H3): Perceived teacher support significantly influences students’
classroom achievement.

e Hypothesis 4 (H4): Students’ perceived need satisfaction significantly influences
students’ classroom engagement.
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e Hypothesis 5 (H5): Students’ perceived need satisfaction significantly influences
students’ classroom achievement.

e Hypothesis 6 (H6): Students’ classroom engagement significantly predicts students’
classroom achievement.

e Hypothesis 7 (H7): Students’ classroom engagement mediates the relationship between
perceived teacher support and students’ classroom achievement.

e Hypothesis 8 (H8): Students’ classroom engagement mediates the relationship between
students’ perceived need satisfaction and students’ classroom achievement.

Figure 1 provides a schematic overview of the proposed SDT-based sequential model,
illustrating the hypothesized direct and mediated relationships among perceived teacher
support, students’ need satisfaction, classroom engagement, and academic achievement.

Figure 1
Hypothesized Structural Model
Student need " Stiudent classroom
Satisfaction Engagmenet
A
H3
H1 Fi2 HB
L 4
3 Achievement
Teacher Support H3
Methods

The study adopted a quantitative analytical approach using a cross-sectional survey
design to examine the relationships among teacher support, students’ basic psychological
need satisfaction, classroom engagement, and academic achievement at a single point in time.
This design was suitable for identifying patterns of association among multiple variables and
for testing the proposed theoretical model using multivariate statistical techniques. As noted
by Doérnyei (2007), cross-sectional designs allow variables and their interrelationships to be
examined as they naturally occur. The findings are therefore interpreted as relational rather
than causal.

The data were collected from one government and one private secondary school in
Wolayta Sodo city, found in south Ethiopia. Both government and private schools were
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purposively included to capture variation in students’ socioeconomic and educational
contexts, thereby enhancing the representativeness of the sample and allowing the findings to
reflect differences associated therewith. The number of students in both schools was 2445. In
order to get an appropriate sample size, the Krejcie and Morgan (1970), formula was used:

NZ&p(1 - p)
- 2
e(N—1) +Zzp(1 — p)
2

e  the desired sample size

e Z: the standard normal deviate usually set at 1.96 (which corresponds to the 95%

confidence level)

e p: the proportion in the target population to having the specific characteristics. If

no estimate available, p set at 50% (or .50)

e ¢ isthe margin of error tolerated which is normally set at 0.05

According to Krejcie and Morgan (1970), this formula is an appropriate one to get a
representative sample if the total number of the population is known. When we apply the
above formula for our population, it gives us 332 students as a representative sample of the
population.

In addition, more recent methodological research has emphasized that sample size
adequacy should also be evaluated in relation to the analytical technique and the complexity
of the proposed model. For instance, Chen et al. (2018) argue that in structural equation
modelling contexts, sample size should be large enough to ensure stable parameter estimation
and adequate statistical power for detecting the hypothesized relationships among constructs.
Therefore, the final sample of 332 students was not only consistent with the classical
population-based estimation of Krejcie and Morgan (1970), but also aligns with
contemporary recommendations for multivariate modelling studies.

The number of students in the private and government schools was not the same. The
number of students in the private school was very small as compared to the government
school. However, in order to get appropriate information from both government and private
school students, an equal number of students (166) from both schools were used as a sample
to represent the population. This equal allocation approach is commonly recommended when
one stratum is relatively small but must be sufficiently represented to allow valid statistical
analysis and comparison across groups (Cochran, 1977; Kish, 1965). As noted by Lohr
(2021), equal allocation approach can improve the precision of estimates within smaller
subgroups and ensures that each stratum contributes adequate information to the analysis.

A multistage stratified random sampling procedure was employed. Students were first
stratified by school type (government vs. private) and grade level (Grades 9-12). Next, one
section was randomly selected from each grade within each school. Finally, 42 students were
randomly chosen from each selected section using a lottery method, ensuring equal
probability of selection for all students.

Of the 332 questionnaires distributed, 67 were excluded from the final analysis due to
incomplete or invalid responses. Specifically, 41 questionnaires were removed because
substantial portions of the survey question items were left unanswered, and 26 were excluded

90



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Alemayehu B. & Tesfaye S.

because key demographic information (gender, grade level, or school type) was missing.
Consequently, data from 265 students (79.8% of the intended sample) were retained and used
for statistical analysis.

Importantly, this level of attrition was anticipated during the sampling design stage.
Survey-based studies commonly experience losses due to nonresponse and missing or
unusable data; therefore, researchers are advised to oversample to compensate for expected
attrition and to ensure an adequate final sample for analysis (Johnson & Christensen, 2016).
In line with this recommendation, the initial distribution of questionnaires exceeded the
minimum required sample size, allowing the study to maintain sufficient statistical power
despite the exclusions.

Student classroom engagement was measured using the recently developed Secondary
School Classroom Engagement Instrument in Math and Science (Berhanu et al., 2025). This
instrument was primarily developed to measure student classroom engagement in the
Ethiopian context. The newly developed instrument has 32 items loaded into six components
(cognitive engagement, behavioural engagement, emotional engagement, cognitive
disengagement, behavioural disengagement, and emotional disengagement).

The validity of the instrument was proven by evidence obtained from Confirmatory
Factor Analysis (CFA). The CFA result of this instrument was CMIN/df = 3.14, GFI = 0.939,
CFI =0.928, TLI = 0.922, SRMR = 0.0369, and RMSEA = 0.040. All indices of the model
have acceptable fit values. The internal consistency, was measured, and the results are
presented below. The reliability of the full-scale reliability, a= 0.906; cognitive engagement,
o= 0.841; behavioral engagement, o= 0.769; emotional engagement, o= 0.754; cognitive
disengagement, o= 0.609; behavioral disengagement, o= 0.609; and emotional
disengagement, a= 0.79.

Although the internal consistency coefficients for cognitive disengagement (o =
0.609), behavioral disengagement (o = 0.609), and autonomy (o = 0.66) are relatively lower
than those of other subscales, these values remain acceptable for newly developed
instruments and for exploratory research or subscale-level analyses. Given the contextual
specificity of the instrument and the multidimensional nature of disengagement constructs,
these reliability levels were considered sufficient for the purposes of the present study (Hair
etal., 2019).

The Korean Basic Psychological Needs Scale (K-BPNS; Lee & Kim, 2008) was used
to determine student needs satisfaction. This measure comprises three subscales, each with
five items: autonomy, competence, and relatedness. CFA showed y? [72] = 254.206, p < .001,;
CFl =.93; TLI =.91; RMSEA = .066. The internal consistency reliabilities of the instrument
were as follows: autonomy (o = .66), competence (o = .79), and relatedness (a = .74) (Hair et
al., 2019).

The Teacher as Social Context Questionnaire—Student Report (TASCQ S) examines
student perceptions of their teacher’s need supportive practices and is derived from the
original Teacher as Social Context instrument developed in 1988 (Belmont et al., 1988).
Each question opens with “In math class, my teacher does...” The measure has 24 items, with
8 items each for autonomy support, structure, and involvement. The reliabilities of the
instrument in terms of internal consistency for each subscale were reported for Autonomy
Support (a = .80), for Structure (o = .76), and for Involvement (o = .85). To test the validity
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of the final student version, confirmatory factor analysis (CFA) was employed; the model had
a reasonably excellent fit (y*2 [130] = 533.715, p < .001; CFI = .92; TLI = .90; RMSEA =
.073).

Student achievement in mathematics and science was measured using students’
cumulative first-semester results in mathematics, physics, chemistry, and biology, obtained
from official school records. Semester grades combine continuous assessments (assignments,
quizzes, class participation) and final exams, providing a stable and curriculum-aligned
measure of academic performance. Although these were not researcher-developed tests,
official grades are widely accepted in educational research as valid and reliable indicators of
achievement, reflecting students’ performance across multiple assessments and minimizing
random measurement error (Kuncel et al., 2005).

To align achievement scores with other variables measured on Likert-type scales and
facilitate integrated analyses (e.g., correlation, SEM), students’ 0—100 scores were recoded
into a 5-point ordinal scale: 0—49% = 1 (Low/Fail), 50-59% = 2 (Satisfactory), 60—79% = 3
(Good), 80-89% = 4 (Very Good), and 90-100% = 5 (Excellent). Transforming continuous
scores into ordered categories is a common practice in educational research to preserve rank
ordering while enabling comparison across variables (Hair et al., 2019). This recoding is
consistent with the Ethiopian Educational Assessment and Examinations Services (EAES)
grading framework, which uses 50% as the passing threshold.

By converting to a 5-point scale, the analysis can more effectively integrate academic
achievement with other ordinal variables, while still reflecting meaningful differences in
student performance across the full range of scores.

Before using the instruments in the Ethiopian context, the English versions were
translated into Amharic by a language specialist. The translated items were then reviewed and
edited by a second language expert to ensure linguistic accuracy and cultural appropriateness.

A pilot study was subsequently conducted using the finalized Amharic versions of the
questionnaires with a sample of 60 Grade ten students. The purpose of the pilot was to assess
the clarity, comprehensibility, and internal consistency reliability of the instruments prior to
their administration in the main study. This step ensured that the translated version retained
the intended meaning and psychometric quality of the original measures.

Cronbach’s alpha was used to establish internal consistency reliability. The Basic
Psychological Needs Scale and the Teacher as Social Context Questionnaire—Student Report
(TASCQ-S) demonstrated acceptable reliability coefficients of a = 0.779 and a = 0.812,
respectively.

To test the research hypotheses, a structural equation modelling (SEM) technique was
used. Given the nature of the constructs, the latent indicators, the sample size, and the causal
relationships involved, partial least squares (PLS) was deemed the most suitable SEM
technique. Compared to other structural equation modeling approaches, such as the
covariance-based structural equation method, PLS, a variance-based structural equation
method, better suits when the focus is on prediction and theory development (Reinartz et al.,
2009). Furthermore, like in this study case, the conceptual model is extensive and
incorporates many indicators and latent variables (Vinzi, 2010). The Smart PLS 3.2.9
software was applied to conduct the analysis.
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Data analysis was conducted in two stages. First, the measurement model was
assessed by examining internal consistency reliability (Cronbach’s o and composite
reliability), convergent validity (average variance extracted [AVE]), and discriminant validity
using the Fornell-Larcker criterion (Hair et al., 2019).

Second, the structural model was evaluated to test the study hypotheses. This included
assessing multicollinearity (VIF), the significance of path coefficients through bootstrapping
with 5,000 resamples, explanatory power (R?2), predictive relevance (Q?), and overall model
fit indices such as SRMR, d_ULS, and d_G (Hair et al., 2019; Henseler et al., 2016).

Because the number of items differed across subscales, composite scores were created
by averaging item responses within each sub-component. This approach is commonly used in
SEM to represent each construct with a single indicator while maintaining comparability
across dimensions.

Data were collected from students who gave their informed consent to participate in
the study. To collect data from participants under the age of 18, the researchers worked with
school administrators to inform parents about the study five days before distributing the
instruments.

Findings

In this section, results obtained from Smart PLS were presented. The results were put
into two parts: the first part addressed the measurement model, and the second focused on the
structure of the model.

Assessment of Measurement Model

Table 1 shows that Cronbach's alpha values for all constructs ranged between 0.703
and 0.895 and composite reliability was greater than 0.800, exceeding the threshold limit of
0.7 (Hair et al., 2019), exhibiting high reliability. The AVE values for all constructs are
greater than 0.5 (ranging from 0.626 to 0.784), higher than the threshold limit of 0.5 (Hair et
al., 2019), exhibiting good convergent validity for all constructs.

Table 1
Construct Validity and Reliability of Study Instruments
Construct Cronbach's  rho_A Composite AVE
Alpha Reliability
Achievement 0.895 0.900 0.927 0.760
Student Classroom Engagement  0.862 0.862 0.916 0.784
Student Need Satisfacion 0.703 0.714 0.834 0.626
Teacher support 0.830 0.834 0.898 0.746

To assess the discriminant validity, the Fornell-Larcker Criterion (Fornell & Larcker,
1981) was applied; the square root of the AVE of each latent construct was equated with its
inter-construct correlation. Acceptable DV is achieved when the square root of the AVE of a
construct is greater than its correlation with other constructs (Hair et al., 2019). As shown in
Table 2, DV was supported since the square root of AVE for the construct was greater than
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the correlation with the other constructs. This revealed that all constructs had acceptable
discriminant validity.

Table 2
Discriminant Validity of Study Constructs Using the Fornell-Larcker Criterion
Construct Achievement  Classroom Student ~ Need Teacher
Engagement Satisfaction support
Achievement 0.872
Student Classroom Engagement  0.395 0.885
Student Need Satisfaction 0.393 0.485 0.791
Teacher support 0.369 0.472 0.583 0.864

The constructs demonstrated satisfactory reliability and validity. All measures met
established thresholds for internal consistency, convergent validity (AVE > 0.50), and
discriminant validity based on the Fornell-Larcker criterion (Fornell & Larcker, 1981; Hair et
al., 2019). These findings confirm that the instruments were appropriate for structural model
evaluation.

Assessment of Structural Model

Structural model relationships were examined using PLS-SEM after establishing
adequate reliability and validity. Model explanatory and predictive power were assessed
through path coefficients, R, and Q2 values (Hair et al., 2019).

After confirming that the measurement model's reliability and validity match the
requirements, the structural model should be evaluated further to examine the path
relationships between the latent variables.

The first step is to determine whether there are any possible multicollinearity concerns
between the predictor and endogenous factors in the structural model. If there is significant
multicollinearity, it may result in skewed path coefficient estimations, reducing the
explanatory power and stability of the structural model. Multicollinearity concerns are often
examined by calculating the predictor variables' variance inflation factor (VIF) (Hair et al.,
2019). According to Hair et al. (2019), the ideal VIF values are 3 or below. As demonstrated
in Table 3, all VIF values in this study are much lower than the crucial value of 3 (varying
from 1.00 to 1.658), showing that there are no multicollinearity concerns across the predictor
variables.

The second step examined the path relationships in the study. The results
demonstrated in Table 3 shows that perceived teacher support had a strong influence on
students' perceived need satisfaction, confirming hypothesis 1 (B = 0.587; t = 12.257).
Perceived teacher support had significantly influenced students' classroom engagement (ff =
0.294; t = 3.623), supporting hypothesis 2. The results provided support for a positive link
between perceived teacher support and classroom achievement (B = 0.146; t = 2.038),
supporting hypothesis 3. The results in Table 3 also indicated that students' perceived need
satisfaction had a positive and significant influence on students' classroom engagement (f =
0.311; t = 4.149), supporting H4. Similarly, as proposed in H5, students' perceived need
satisfaction had a significant influence on students' classroom engagement (f = 0.196; t =
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2.484). Students' classroom engagement had a positive and significant impact on students'
classroom achievement (f = 0.239; t = 3.304), supporting H6.

The third step involves evaluating the model's ability to explain endogenous variables
using the coefficient of determination (R?). The R? value measures the extent to which
exogenous variables explain endogenous variables and is a key indication of model
explanatory power. Higher R? values denote a model with more explanatory ability; the R?
ranges from 0 to 1 (Hair et al., 2019). As a general guideline, Cohen, (1998) suggested R?
values for endogenous latent variables are assessed as follows: 0.26 (substantial), 0.13
(moderate), and 0.02 (weak). As shown in Figure 2, the squared multiple correlation (R?)
values show that 34% of the variance in student need satisfaction was explained by teacher
support. The model explained 28.9% of variance in student classroom engagement,
influenced by teacher support and student need satisfaction. This model also explained 22.2%
of the variance in math and science subjects’ achievement among students as a result of
teacher support, student need satisfaction, and student classroom engagement. All the values
are demonstrating significant explanatory power. This demonstrated that the model has
adequate explanatory power for the endogenous variables.

The fourth step involves evaluating the model's prediction capacity for endogenous
variables using predictive relevance (Q%). According to Hair et al. (2019), a Q° value greater
than O indicates strong predictive ability, meaning the model can effectively explain the
variance of endogenous variables. As demonstrated in Table 4, the Q® values for achievement
(Q% = 0.161), student classroom engagement (Q* = 0.221), and student need satisfaction (Q* =
0.204) are all considerably larger than zero, showing that the model has good predictive
relevance for the endogenous variables.

Table 3
Structural Model
Hypotheses B SD T P R Q? VFI
H1: Teacher support -> 0.587 0.048 12.257 0.000 1.000
Student Need Satisfaction
H2: Teacher support -> 0.294 0.079 3.623 0.000 1.516
Student Classroom
Engagement
H3: Teacher support -> 0.146 0.072 2.038 0.042 1.631
Achievement
H4: Student Need 0.311 0.077 4.149 0.000 1.516

Satisfaction -> Student
Classroom Engagement
H5: Student Need 0.196 0.069 2.848 0.005 1.658
Satisfaction ->
Achievement
H6: Student Classroom 0.239 0.070 3.304 0.001 1.407
Engagement ->
Achievement

Achievement 0.222 0.161
Student Classroom 0.289 0.221
Engagement
Student Need Satisfaction 0.340 0.204
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Finally, the overall model fit is evaluated using Standardized Root Mean Squared
Residuals (SRMR), unweighted least squares discrepancies (d_ULS), and geodesic
discrepancies (d_G). According to Henseler et al. (2016), an SRMR value < 0.08 indicates
good model fit; in this study, the SRMR value = 0.067, which is significantly lower than the
threshold (0.08), indicats that the model fits well. Fits to a saturated model are generally
considered valid when their squared Euclidean distance (d_ULS) is lower than the
bootstrapped value of 95% of their estimated d_ULS and their d_G is lower than the
bootstrapped value of 95% of their estimated d_G. Thus, Table 4 shows that d_ULS sat < est
and d_G sat < est are in line with these model fit requirements, as suggested by Henseler et
al. (2016) and Quintana & Maxwell (1999). The three model fit criteria indicated in Table 4
support the model being fit to explain the relationship among variables in this study.

Table 4

Overall Measurement Model Fit Indices for Study Constructs
Criterion Saturated Model (sat) Estimated Model (est)

Value HI 95 Remarks Value HI 95 Remarks

SRMR<0.08 0.067 0.045 Support 0.07 0.046 Support
d_ULS 0.407 0.231 Support 0.447 0.249 Support
<Hlgs
d Gg <Hlgs  0.207 0.172 Support 0.217 0.178 Support

Figure 2 illustrates the standardized path coefficients and variance explained (R2) for
the structural model examining teacher support, need satisfaction, engagement, and
achievement.

Figure 2
Structural Model
Student need Student
satisfaction classroom
———— —0.3189(0.000)———____,| Epgagement
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~ v
0.583(0.000) > al

0.196(0.006) ¢ 257(0.600) 0.232(0.002)

——

v

Achievement
Teacher support |

0.146(0.040) Ri= 0,222
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Mediation Analysis

Mediation analysis was performed to assess the mediating role of student classroom
engagement in the relationship between Student Need Satisfaction and achievement. The
results (see Table 5) revealed a significant indirect effect of student need satisfaction on
achievement (H;: B = 0.074, t= 2.566, p < 0.05). The total effect of student need satisfaction
on achievement (f = 0.232, t= 3.304, p < 0.001), with the inclusion of the mediator, the effect
of student need satisfaction on achievement is still significant (f = 0.074, t= 2.566, p < 0.05).
This shows that student classroom engagement partially mediates the relationship between
student need satisfaction and achievement. The result obtained in this mediation analysis
supports Hypothesis 7.

In addition, mediation analysis was performed to understand the mediating role of
student classroom engagement in the relationship between teacher support and achievement.
The results (see table 5) indicated that there was a significant indirect effect of teacher
support on achievement (Hs: B = 0.066, t= 2.432, p < 0.05). The total effect of teacher support
on achievement (B = 0.369, t = 6.898, p < 0.001), with the inclusion of the mediator, the
effect of teacher support on achievement is still significant (f = 0.223, t= 4.431, p < 0.05).
This confirms that student classroom engagement partially mediates the relationship between
teacher support and achievement. This result was providing to support for Hypothesis 8.

Table 5
Specific Indirect Effects of Teacher Support and Need Satisfaction on Achievement via
Classroom Engagement

Specific indirect effect Original M SD t P
Sample (O)
Student Need Satisfaction -> 0.074 0.074 0.029  2.566 0.11

Student Classroom Engagement ->

Achievement

Teacher support -> Student 0.066 0.070 0.027  2.432 0.015
Classroom Engagement ->

Achievement

Figure 3. Mediation model showing the indirect effects of teacher support and need
satisfaction on achievement through classroom engagement. Standardized path coefficients
are presented; p < .05.

Figure 3
Mediation Model

Stuent need
satisfaction
"‘n_‘___ Student H7:8=0.074,p=<0,5—»)
.| classroom Achlivement
_~T|egnagement HE:B=0.066,p<0.05—»

Teacher
support =

97



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Alemayehu B. & Tesfaye S.

Discussion

The main purpose of this study was to test the applicability of Self-Determination
Theory (SDT) in an Ethiopian high school context. Specifically, the study examined the
sequential SDT process whereby teaching context (teacher support) predicts students’
psychological need satisfaction, which in turn fosters classroom engagement and ultimately
academic achievement. Grounded in SDT, the present study investigated how Ethiopian high
school students’ perceptions of teachers’ autonomy support, structure, and involvement relate
to their need satisfaction and subsequent classroom engagement, as well as how engagement
functions as a mediating mechanism linking these variables to achievement in science and
mathematics.

SDT in Ethiopian Context

Consistent with the proposed SDT framework, the findings generally supported the
hypothesized sequence of Teacher Support — Need Satisfaction — Classroom Engagement
— Achievement. Within mathematics and science classrooms, students who perceived higher
levels of autonomy support, structure, and involvement reported greater satisfaction of their
needs for autonomy, competence, and relatedness. This pattern indicates that supportive
teaching practices are meaningfully associated with students’ internal motivational resources.
Students whose psychological needs were satisfied demonstrated higher levels of behavioral,
emotional, and cognitive engagement in classroom activities. In turn, engagement emerged as
a significant predictor of academic achievement in both mathematics and science. These
findings align with prior SDT-based research (Vallerand, 1997; Reeve, 2012; Dincer et al.,
2019; Ryan & Deci, 2020), providing cross-cultural support for the robustness of the SDT
motivational sequence.

Teacher support and Psychological need satisfaction

The model showed that a substantial proportion of variance in students’ psychological
need satisfaction was explained by teacher support in mathematics and science classrooms.
This underscores the central role of teachers in shaping motivationally supportive learning
environments.

To foster autonomy, teachers need to provide meaningful choices, encourage student
responsibility, and allow flexibility in learning activities. To support competence, teachers
should offer clear instructional guidance, structured problem-solving strategies, and
constructive feedback. Relatedness is enhanced when teachers demonstrate care, respect, and
emotional sensitivity, thereby cultivating a sense of belonging in the classroom. These
findings are consistent with earlier studies emphasizing the role of teacher support in
satisfying students’ basic psychological needs (Skinner et al., 2008; Dupont et al., 2014;
Hornstra et al., 2021; Dincer et al., 2019).
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Influence of Teacher support and Need satisfaction on Classroom Engagement

The model accounted for a considerable proportion of variance in students’ classroom
engagement, indicating that teacher support and need satisfaction are among the most
influential predictors of engagement in mathematics and science learning. Together, these
factors explained nearly 30% of the variance in engagement, highlighting their combined
motivational importance.

Both teacher support and need satisfaction independently and significantly predicted
student engagement. When students experienced autonomy, competence, and relatedness,
they were more likely to demonstrate cognitive engagement, such as investing sustained
effort and using deep learning strategies. This finding suggests that engagement reflects not
only behavioral participation but also meaningful cognitive involvement in learning tasks.

Similarly, emotional engagement—manifested through interest, enjoyment, and
positive classroom-related emotions—was higher when students’ psychological needs were
satisfied. Behavioral engagement, including active participation, asking questions, and
sustained attention, was also strongly associated with need satisfaction. These results
collectively reinforce the view that engagement is a multidimensional construct shaped by
students’ motivational experiences.

Regarding teacher support, students who perceived higher levels of autonomy
support, structure, and involvement reported greater engagement in classroom activities. This
finding corroborates prior evidence that comprehensive teacher support simultaneously
enhances multiple dimensions of student engagement (Hornstra et al., 2021; Olivier et al.,
2021).

Influence of teacher support, need satisfaction, and engagement on achievement

The results indicated that teacher support, need satisfaction, and classroom
engagement each had a significant positive effect on students’ achievement in mathematics
and science. Previous research has provided important insights into these predictors, and the
present study builds on this evidence by considering their combined contribution within an
integrative model.

Collectively, these variables explained more than 20% of the variance in academic
achievement. While this proportion may appear modest, it is meaningful within the Ethiopian
context, where national examination results indicate persistently low achievement levels in
mathematics and science. For instance, in the 2022 and 2023 national school-leaving
examinations, only about 3% of students achieved a passing score above 50% (Ministry of
Education, 2023). Against this backdrop, identifying motivational and instructional factors
associated with achievement is particularly important.

Consistent with prior researches, classroom engagement emerged as a key proximal
predictor of achievement. Studies across diverse contexts have similarly shown that
behavioral, emotional, and cognitive engagement jointly contributes to academic success
(Fung et al., 2018; van Rooij et al., 2017). These findings reinforce the argument that
enhancing engagement is a critical pathway for improving student outcomes in secondary
education.

Although the SDT model was largely supported, the explained variance in
achievement was modest, suggesting that additional contextual factors such as examination
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pressure and limited resources may also influence student performance in Ethiopian high
schools.

Mediation role of classroom engagement

The results revealed that classroom engagement partially mediated the relationship
between psychological need satisfaction and achievement. This indicates that need
satisfaction enhances achievement both directly and indirectly by fostering higher levels of
engagement. Such findings are consistent with Wang et al. (2015), who argued that
psychologically supportive learning environments promote achievement through multiple
motivational pathways.

Similarly, classroom engagement partially mediated the association between teacher
support and achievement. This suggests that while supportive teaching practices directly
influence achievement, their effects are also transmitted through increased student
engagement. This finding aligns with previous research (Skinner et al., 2009; Dincer et al.,
2019) and highlights the dual role of teacher support in shaping both motivational processes
and learning outcomes.

Overall, the mediation results emphasize that engagement functions as a key
mechanism through which teacher support and need satisfaction translate into academic
success, thereby reinforcing the explanatory power of the SDT framework in the Ethiopian
secondary school context.

While PLS-SEM and the use of composite scores provided a strong framework for
testing the model and examining explained variance, the findings should be interpreted with
caution. The cross-sectional design, reliance on self-report measures, and differences in the
number of items across subscales may have affected the strength of the observed
relationships. Therefore, the results primarily reflect predictive associations rather than
definitive causal effects.

Conclusion

This study examined the applicability of Self-Determination Theory (SDT) within
Ethiopian high school mathematics and science classroom contexts. Overall, the findings
provided empirical support for the key assumptions of SDT. Consistent with theoretical
expectations, students’ perceptions of teacher autonomy support, structure, and involvement
were positively associated with the satisfaction of their basic psychological needs. In turn,
need satisfaction was linked to higher levels of classroom engagement, which ultimately
contributed to improved academic achievement. These results highlight the importance of
supportive teaching practices in fostering students’ need satisfaction, engagement, and
learning outcomes in Ethiopian secondary school sciences and mathematics education.

This study makes several key contributions. First, it provides empirical support for the
applicability of SDT in Ethiopian mathematics and science classrooms, extending prior work
that focused primarily on language classrooms (Dincer et al., 2019) or general education
contexts (Dupont et al., 2014). Second, it identifies critical factors—teacher support and need
satisfaction—that influence classroom engagement, offering actionable guidance for
educators seeking to enhance student engagement and learning outcomes.
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Finally, these findings have broader implications for educational practice and policy.
They highlight the importance of promoting autonomy-supportive teaching, providing
structure, and fostering teacher involvement to strengthen students’ psychological needs and
engagement. Moreover, the results underscore the relevance of SDT-based interventions in
contexts with low academic achievement, suggesting that targeted motivational strategies can
contribute to improved student outcomes. Other researches could further explore additional
contextual factors that influence achievement and investigate the longitudinal effects of need-
supportive teaching in diverse Ethiopian classroom contexts.

Based on the findings, several implications can be drawn for improving student
engagement and achievement in Ethiopian mathematics and science classrooms. Since
teacher autonomy support, structure, and involvement were positively associated with
students’ psychological need satisfaction and engagement, teachers should adopt supportive
practices that encourage student choice, provide clear guidance and feedback, and build
positive teacher—student relationships. In addition, promoting behavioral, emotional, and
cognitive engagement through active participation and timely learning support may
strengthen achievement outcomes. These strategies should be implemented in ways that are
feasible within the Ethiopian context, including the use of peer collaboration and culturally
relevant instructional examples.

This study should be interpreted in light of several limitations. First, the reliance on
survey data and a quantitative design limits deeper insight into students’ lived experiences;
future studies could apply mixed-method approaches. Second, the model was tested only
from students’ perspectives, and future research should incorporate teachers’ views. Third,
data were collected from a single city, which may restrict generalizability; further studies
using more diverse national samples are recommended.
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Abstract
This study aimed to examine students’ critical thinking skills through paper-based ARTICLE HISTORY
problem-scenarios instructional approach, guided by Ennis’s five critical thinking Received: 28 March, 2025
skills categories: elementary clarification, credibility of sources, inference, advanced #\ccepted: 25 December, 2025
clarification, and tactics and strategies. A mixed-methods approach was employed,
adopting a quasi-experimental design for the quantitative component and content KEYWORDS
analysis for qualitative insights. Two intact Grade 10 classes, comprising a total of 84  Critical thinking skills, paper-
students, were randomly selected. In addition, six students participated in interviews Pased problem scenario, body
to provide qualitative data. Data were collected using an open-ended biology critical systems, biology, high school
thinking essay test and semi-structured interview questions. The quantitative data
were analyzed using independent sample t-test and ANOVA, while the qualitative
data were analyzed through content analysis. The results showed that BCTS posttest
scores were significantly higher in the intervention group than the control group (t
(79) = 9.45, p < .001; F (1, 79) = 89.30, p < .001). Moreover, post-interview results
showed that 35% of the responses were identified as correct, clear, and specific,
compared to 18% in the pre-interview. Overall, the findings indicate that paper-based
problem scenarios can effectively improve students’ critical thinking skills. These
results offer valuable implications for biology teachers and curriculum developers
seeking to strengthen critical thinking instruction in secondary schools.

Introduction

Critical thinking [CT], a cornerstone of effective problem-solving and decision-
making, is defined as an active, skilled process of interpreting and evaluating information and
arguments (Kumala et al., 2022), underpinning rational decision-making (Palavan, 2020) and
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reflective thinking to guide beliefs and actions. Unlike rote memorization, CT empowers
students to apply knowledge to novel situations, making it indispensable across educational
contexts. However, fostering CT faces significant barriers, including definitional complexity
(Indrasiené et al., 2018), challenges in assessment (Ennis, 1993), and difficulties integrating
pedagogies like problem-based learning (PBL). Globally, curricula often prioritize exam
performance over CT, leading to student disengagement (Sowunmi et al., 2022) and limited
analytical thinking (Wilson, 2017). In science education, these issues are compounded by
teachers’ limited familiarity with learner-centered approaches (Teshome & Ordofa, 2023) and
a lack of engagement with controversial topics that foster critical inquiry (Nganga et al.,
2020), contributing to widespread CT deficiencies (Lopez et al., 2023).

Despite the recognized importance of CT in high school biology education, where
students grapple with complex topics like human systems, disease mechanisms, and wellness
to build health literacy and real-world problem-solving skills (Nuraini & Antika, 2024),
significant gaps persist in its effective cultivation. Theoretically, dominant CT frameworks
are largely adapted from higher education contexts, rendering them abstract and insufficiently
aligned with secondary-level pedagogy, adolescent cognitive development, and the resource
constraints typical of developing countries (Kirko & Woldearegawi, 2024).

Studies conducted in Ethiopian secondary schools report short-term gains from
inquiry-oriented biology instruction but lack longitudinal or transfer-focused assessments,
constraining conclusions about durable CT development (Chengere et al., 2025a; Sisay,
2019). Practically, biology classrooms continue to be dominated by lecture-based, rote
memorization, reinforced by teachers’ limited pedagogical understanding of constructivist
approaches and resulting in persistent student disengagement from inquiry-driven learning
(Chengere et al., 2025b). Together, these limitations underscore the urgent need for low-cost,
contextually grounded, and pedagogically feasible CT interventions in secondary biology
education, justifying the present study’s examination of paper-based problem scenarios as a
scalable alternative for resource-constrained settings.

Paper-based problem scenarios (PBPS), a constructivist form of problem-based
learning, addresses these gaps by using narrative, ill-structured problems to foster reasoning,
problem-solving, and decision-making (Celiker, 2021). PBPS has been shown to improve CT
scores, creativity, and cognitive engagement (Adebiyi, 2023)—for example, a Grade 11
forensic science intervention increased scores from 67% to 84% (Meesamran & Polyiem,
2024). In Ethiopia, PBPS is particularly suitable, linking abstract biology concepts to real-
world health challenges without relying on advanced technology or laboratories. This study
therefore evaluates PBPS as a feasible, evidence-based strategy to enhance secondary school
students’ biological CT skills. To systematically investigate its impact, this study is guided by
the following research questions:

Research questions
1. To what extent does the paper-based problem scenario approach enhance high school
biology students’ critical thinking skills?
2. How does paper-based problem scenario improve students’ critical thinking skills?
3. Does PBPS lead to a significant shift in the distribution of critical thinking response
categories?
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Conceptual Framework

The conceptual framework for this study, grounded in constructivism, illustrates the
hypothesized relationship between the independent variable, PBPS, and the dependent
variable, students’ biological CT skills, measured by the Biological Critical Thinking Skills
Test (BCTST). PBPS, involving narrative-driven, ill-structured biology problems, is posited
to enhance CT through mediating processes like problem-solving, reasoning, and knowledge
application. Contextual factors, such as Ethiopia’s resource-constrained educational
environment and reliance on conventional teaching methods, moderate this relationship,
potentially influencing the intervention’s effectiveness (Ahmed et al., 2025; Zekiros, 2020).
The constructivist framework, which emphasizes active knowledge construction through
authentic experiences (Monrad & Mglholt, 2017; Servant-Miklos et al., 2019), guided the
study’s design and execution. It justified the use of PBPS to foster experiential learning,
addressing gaps in CT cultivation in Ethiopian high school biology education (Teshome &
Ordofa, 2023). The framework shaped the study that PBPS would improve BCTST scores
compared to a control group, informed the selection of the BCTST to measure skills like
analysis and inference, and guided pretest and posttest assessments to capture iterative
learning. By providing empirical evidence for a scalable, low-cost intervention, the study
contributes methodologically to education in resource-constrained settings, advocating for a
shift from rote memorization to inquiry-based pedagogy.

Figure 1
Conceptual Framework of the Study

Conceptual Framework of the Study

Constructivist Approach

PBPS Biological CT Skills
Paper. 05 ' = BCT
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Moderating Factors

» Resource-Limited Educational Environment
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Enhanced Critical Thinking Skills

L

‘ Improved BCTST Performance

Methods

The study employed a concurrent embedded mixed-methods design, with a dominant
quantitative approach supported by qualitative data (Scott & Usher, 2010). The quantitative
component used a nonequivalent control group quasi-experimental design, involving pretests

and posttests to examine the effect of paper-based problem scenarios (PBPS) on students’
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biological critical thinking skills. Intervention groups received PBPS-based instruction, while
a control group received conventional instruction. Embedded qualitative interviews
complemented the quantitative findings by providing contextual insights into students’
experiences and perceptions of critical thinking development.

Table 1

Study Design for PBPS Intervention
Group Pretest Intervention Posttest
IG o]} X1 02
CG 01 02

The study employed a purposive sampling strategy to select two intact Grade 10
classes from a government secondary school in Sekota town, Ethiopia. The classes were
selected not to achieve statistical representativeness, but to ensure developmental and
contextual representativeness of adolescents at a stage conducive to critical thinking
development (Keating, 1988). Grade 10 students typically range from 15 to 17 years of age, a
period characterized by the emergence of formal reasoning and higher-order cognitive
processes, making this cohort theoretically appropriate for examining critical thinking
development.

Following group selection, the two intact classes were randomly assigned to either the
intervention group (n = 41) or the control group (n = 43) using a simple randomization
technique, which enhanced internal validity by minimizing selection bias and ensuring
comparable baseline characteristics between groups. For the qualitative component, six
students (three from each group) were purposively selected for in-depth interviews based on
prior academic performance (high, average, and low achievers), as documented in school
records. This strategy ensured diversity of perspectives and enriched the interpretation of the
quantitative results.To minimize data contamination and teacher effects, the two classes were
scheduled separately in time and space, intervention materials were restricted to the
experimental group, interviews were conducted privately, and the same teacher taught both
groups to ensure instructional consistency

The primary quantitative instrument was the Biological Critical Thinking Skills Test
(BCTST), a validated tool adapted from the literature to measure critical thinking skills
within the context of biology education. The BCTST consists of multiple-choice and short-
answer questions aligned with Grade 10 biology curricula. It assesses key critical thinking
skills, including analysis, interpretation, inference, evaluation, reasoning, problem-solving,
and application of biological knowledge to novel contexts. To complement this, the Critical
Thinking Embedded Essay Test (CTEET), developed by Zubaidah et al. (2020), was
employed to assess students’ ability to articulate and apply critical thinking in written
responses. The CTEET includes open-ended essay questions that require students to
demonstrate reasoning, problem-solving, and evidence-based argumentation in English.

The study adhered to strict ethical guidelines to protect participants’ rights and well-
being. Ethical clearance was obtained from the IRB of Bahir Dar University (Ref:
PRCSVD/654/2023), and a permission letter was obtained from Department of Biology,
Science College, BDU, to seek approval from officials at the selected secondary school
before starting the research. Informed consent was secured from all participants, with parental
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consent obtained for students under 18. The participants were informed of the study’s
purpose, procedures, and their right to withdraw at any time without consequences.
Anonymity was ensured by assigning unique identifiers to all data, and no personally
identifiable information was collected or reported.

For the intervention group, care was taken to ensure that the experimental treatment
posed no harm and was integrated into regular classroom activities to avoid disruption. The
control group received standard instruction and was offered access to the intervention
materials post-study to ensure equitable benefits. Interview participants were selected
carefully to avoid coercion, and interviews were conducted in a private, comfortable setting
to encourage open responses. Data were stored securely on password-protected devices,
accessible only to the research team, and will be destroyed after a retention period of five
years, as per BDU guidelines. Cultural sensitivity was prioritized by ensuring that all
instruments and interactions were conducted in the participants’ primary language (Ambharic)
and were contextually appropriate for the local educational setting, during the first semester
of the 2023-24 academic year.

The quantitative instruments were evaluated for content and face validity by experts
from biology education and curriculum and instruction. The expert validation results,
summarized in Table 2, confirmed that the instrument was valid in terms of content, clarity,
legibility, alignment between critical thinking skills indicators and test items, compatibility of
indicators within each item, conceptual accuracy, and the effectiveness of diagrams in
simplifying terms. However, language posed a challenge as students struggled to express
their thoughts in English, preferring Ambharic, their native language. Of the 35 original
BCTST items, 20 were deemed valid and understandable. Following revisions to the
remaining 15 items, the BCTST was refined to include 30 open-ended essay items. A small-
scale pencil-and-paper pilot test revealed the need to revise five items for clarity and
adjustment. As a result, a final version consisting of 25 Amharic-language items was
developed, with a recommended completion time of 40 to 50 minutes.

Table 2
Expert Validity of BCTST
No Description of Validator % Category Comment
instrument with
1 2 3 4 5
1 Clarity of words, 4 4 - 3 4  93.7% Very valid Minor revision
phrases and the diagram
2 The grammar 4 4 - 4 4  100% Very valid Minor revision
3 Accuracy of information 3 4 - 4 4 987% Very valid Minor revision
4 Learner’s level of 4 4 - 3 4  93.7% Very valid Minor revision
development
5 Evaluation requirements - - 4 4 3 91.6% Very valid Minor revision
6 Consideration of CT - - 4 4 4  100% Very valid Minor revision
skills indicators
Mean 3.75 4 4 35 38 73% Valid Revision

As shown in Table 3, the r-count (Pearson correlation) for each item exceeded the r-
table value (0.279) for product-moment correlations with 53 students, indicating that all 25
critical-thinking skills test items were statistically significant.
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Table 3

Construct Validity of BCTST

Item Validation

Pearson-r r-table N Sig. (2-tailed) Information

1 0.671" 0.279 53 0.000 Valid
2 0.693" 0.279 53 0.000  Valid
3 0.594™ 0.279 53 0.000  Valid
4 0.713" 0.279 53 0.000  Valid
5 0.677" 0.279 53 0.000  Valid
6 0.431" 0.279 53 0.001  Valid
7 0.585" 0.279 53 0.000  Valid
8 0.536" 0.279 53 0.000  Valid
9 0.640" 0.279 53 0.000  Valid
10 0.499™ 0.279 53 0.000  Valid
11 0.639™ 0.279 53 0.000  Valid
12 0.512" 0.279 53 0.000 Valid
13 0.551"" 0.279 53 0.000  Valid
14 0.593" 0.279 53 0.000  Valid
15 0.638™ 0.279 53 0.000  Valid
16 0.563" 0.279 53 0.000  Valid
17 0.597"" 0.279 53 0.000  Valid
18 0.564" 0.279 53 0.000  Valid
19 0.742" 0.279 53 0.000 Valid
20 0.673" 0.279 53 0.000  Valid
21 0.650" 0.279 53 0.000  Valid
22 0.621" 0.279 53 0.000 Valid
23 0.566" 0.279 53 0.000  Valid
24 0.580" 0.279 53 0.000  Valid
25 0.375" 0.279 53 0.006  Valid

The internal consistency of the BCTST was assessed using Cronbach's alpha, which is
considered acceptable at a > 0.7. As shown in Table 4, the overall Cronbach's alpha for the
25 items was 0.93. Additionally, the Cronbach's alpha values for the five variables were
0.821 for variable one, 0.856 for variable two, 0.806 for variable three, 0.816 for variable
four, and 0.846 for variable five. These results indicate that the internal consistency of both
the overall test items and the items related to each critical thinking indicator was sufficient
for measuring critical thinking skills.

Table 4

Cronbach’s Alpha Values of Variables
Variables Cronbac No

h’s alpha . of items

Basic clarification 0.821 5
Credible sources 0.856 5
Inference 0.806 5
Advanced clarification 0.816 5
Strategies and tactics 0.846 5
All items 0.93 25

As presented in Table 5, the difficulty levels of all 25 questions were classified as
moderate. For example, Question 1 (Q1) had an average score of 174 out of a full score range
of 5, resulting in a difficulty index of 0.66. Additionally, the discrimination index was rated
as excellent. For instance, in Q1, with Y UL = 62, YLL = 4, N = 25% = 13.25, and a
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maximum score of 5, the discrimination index was calculated as 0.88. Similarly, the
discrimination indices for 24 other questions were categorized as excellent, while question 6
(Q6) fell into the good category. This indicates that the instrument avoids overly easy or
difficult questions and effectively discriminates as an excellent measure of students' critical
thinking (CT) in the human body system, with minor improvements needed for Q6. Overall,
the content and construct validity results confirm that the BCTST items are valid tools for
assessing critical thinking in biology.

Semi-structured interview questions were employed to collect qualitative data, as they
are widely regarded as one of the most effective methods for gaining deep insights into
students' reasoning and thinking about specific topics. A total of 13 questions were initially
designed to assess participants' critical thinking skills. These questions were then reviewed
for clarity and relevance by two experts: a biology education instructor with a PhD and a
curriculum professor from the Faculty of Education at Bahir Dar University. Based on their
feedback, three questions were removed, leaving 10 questions for the final semi-structured
interview.

Quantitative data were collected using a questionnaire comprising 25 open-ended
essay questions designed to assess critical thinking (CT). Qualitative data were gathered
through semi-structured interview questions, analyzed based on Ennis's critical thinking skills
framework. Pre-interviews were conducted with six participants before the intervention. The
semi-structured interviews, lasting about 20 minutes each, were scheduled flexibly to
encourage participants to introduce themselves freely and allow the interviewer to ask follow-
up questions for clarification. During the first week, students received a brief introduction to
paper-based problem scenarios and critical thinking concepts. The intervention group
engaged in paper-based problem scenarios, while in the control group, lessons were primarily
teacher-centered, focusing on lecture delivery, textbook reading, and memorization of key
concepts. Students completed standard class activities, including exercises and assessments
assigned by the teacher, but they did not engage in paper-based problem scenarios or
structured problem-solving tasks designed to stimulate critical thinking.

The intervention lasted eight weeks, with three 40-minute lessons per week. In the
intervention group, students collaborated in groups of 4-5, guided by the teacher. Throughout
the intervention, students followed (Ennis, 2018) five critical thinking indicators. First, they
clarified the problem in the given scenario (Step 1). Next, they judged the credibility of
information sources using prior knowledge (Step 2). Then, they made inductive and
deductive inferences to form the best explanations (Step 3). Afterward, they defined terms
and evaluated definitions (Step 4). Finally, they developed tactics and strategies for action
(Step 5).
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Table 5
Difficulty and Discrimination Index of BCTST
Items Z UL Z LL Mark ranges No. Dif. | Dis. |
students
*35 - 2-3 5-15 0
5

1 62 4 27 18 1 7 53 0.66 0.88
2 57 0 29 18 0 6 53 0.66 0.86
3 57 4 31 16 2 4 53 0.71 0.8

4 69 12 36 9 3 5 53 0.75 0.86
5 58 4 32 15 2 4 53 0.73 0.82
6 27 5 17 24 3 9 53 0.54 0.33
7 47 0 21 19 2 11 53 0.54 0.71
8 64 21 38 7 2 6 53 0.76 0.65
9 69 17 24 12 3 4 53 0.73 0.78
10 65 19 33 13 2 5 53 0.75 0.69
11 67 14 33 15 1 4 53 0.72 0.8

12 54 9 21 22 2 8 53 0.58 0.68
13 a7 9 25 19 3 6 53 0.63 0.57
14 54 9 27 20 6 0 53 0.68 0.68
15 69 30 37 12 2 2 53 0.79 0.59
16 50 4 22 13 2 16 53 0.5 0.69
17 42 0 16 22 3 12 53 0.5 0.63
18 52 4 25 16 1 11 53 0.59 0.72
19 68 0 32 17 2 2 53 0.74 1.03
20 60 0 23 22 1 7 53 0.6 0.91
21 53 4 19 13 2 19 53 0.44 0.74
22 41 0 12 14 5 22 53 0.37 0.62
23 49 5 16 12 5 19 53 0.42 0.66
24 40 0 13 13 5 22 53 0.37 0.6

25 60 26 32 8 3 10 53 0.65 0.51

Note. Y UL = Upper-level students’ total score; Y LL = Lower-level students’ total score; Mark ranges indicate the correct
answer score ranges (3.5-5); Dif. | = item difficulty index; Dis. | = item discrimination index; N = 53 students

Quantitative and qualitative datasets were analyzed separately, followed by a
comparison and interpretation to determine whether the results aligned with or contradicted
each other. Quantitative data were analyzed using descriptive and inferential statistical
techniques via SPSS version 26. Since the data met the assumptions of normal distribution,
homogeneity of variance, and homogeneity of slopes, parametric statistical methods
(independent samples t-test and ANOVA) were applied. The independent samples t-test was
used to assess statistical differences between the mean scores of the two groups before the
intervention, while ANOVA was employed to compare posttest results between the
intervention and control groups. For the qualitative data, content analysis was used to
triangulate the findings alongside the quantitative results, addressing the potential limitations
of localized interventions and instruments in contributing to the broader scientific
community. Face-to-face interviews were recorded using an audio recorder, and later
transcribed. Students were coded as S1, S2, S3, S4, S5, and S6 to maintain anonymity.
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Transcripts were independently coded by two researchers, and the codes were compared to
identify discrepancies. Inter-rater reliability was determined using Cohen’s Kappa in SPSS
version 26, with agreement values for the interview transcripts of S1, S2, S3, S4, S5, and S6
being 0.82, 0.80, 0.78, 0.85, 0.83, and 0.84, respectively, indicating strong agreement
between raters. Subsequently, all transcribed recorded interviews were categorized into five
modified rubric-based categories adapted from Zubaidah et al. (2020) to organize response
patterns before and after the intervention. The five categories were: Correct, Clear, and
Specific (CCS), Most Exact, Clear, and Specific (MECS), Some Correct, Clear, and Specific
(SCCS), Unclear, Exaggerated, or Confusing (UEOC), Incorrect or Insufficient Concepts
(11IC) and No Answer (NA).

Findings

Pretest Results

As shown in Table 6, BCTST scores for the intervention group (N=41, Mean=52.00,
SD=5.717, SE=0.915) and the control group (N=43, Mean=52.40, SD=6.530, SE=1.008) are
compared. The control group’s mean is 0.40 points higher, but a t-test (t=0.299, df=82)
indicates no significant difference (p > 0.05). An F-test (F=1.304) supports equal variances.

Table 6
Pretest Data Results
Groups N M SD Std. Error
BCTST Control 43 52.40 6.530 1.008
Intervention 41 52.00 5.717 0.915

T-test and variance assumption

Table 7 shows the Levene's Test results (F=0.376, p=0.541) confirming equal
variances between the intervention and control groups’s BCTST scores, as the p-value
exceeds 0.05. The t-test (t=0.296, df=79, p=0.768) indicates no significant mean difference
(0.405, SE=1.368), with a 95% confidence interval (-2.318 to 3.128) including zero. Thus,
the intervention likely had no significant effect on BCTST scores at the baseline. Thus, this
confirms comparable baseline performance between the groups.

Table 7

Results of T-Test and Variance Assumptions for Pretest Data

Levene's Test t-test for Equality of Means
for Equality of

Variances
F Sig. T Df Sig. Mean Std. Error 95% Confidence Interval
Difference Difference of the Difference
Lower Upper
0376 0541 0.296 79 0.768 0.405 1.368 -2.318 3.128
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Posttest Results
ANOVA Results for Post-Test Scores

The ANOVA results in Table 8 (F(1,79) = 89.298, p < 0.001) indicate a significant
difference between the intervention and control groups’ posttest scores on the Biological
Critical Thinking Skills Test (BCTS), confirming that paper-based problem scenarios
significantly enhance high school biology students’ critical thinking skills compared to
traditional methods.

Table 8
ANOVA Posttest Results on BCTS
Sum of df Mean F Sig.
Squares Square
Between Groups 5197.057 1 5197.057 89.298  0.000
Within Groups 4597.709 79 58.199
Total 9794.765 80

Categorical Shifts in Responses

Figure 2 displays the percentages of learners' responses in each category. In the pre-
intervention interview, the responses were distributed as follows: 18.3% in the CCS category,
20% in the MECS category, 23.3% in the SCCS category, 16.6% in the UEOC category,
13.3% in the 1IC category, and 8.3% in the NA category. In contrast, the post- intervention
interview results showed 38.3% in the CCS category, 35% in the MECS category, 15% in the
SCCS category, 8.3% in the UEOC category, 1.6% in the IIC category, and 1.6% in the NA
category. Thus, the highest percentages of responses were in the CCS and MECS categories.
This shows a significant shift in high school biology students’ critical thinking responses
post-intervention, particularly within CCS and MECS categories, as demonstrated by paper-
based problem scenarios.

Figure 2
Percentage of Pre- and Post-intervention Interviews
45 4
84| 383 -
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CCS MECS SCCS UEOC 1IC NA
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Discussion

The posttest outcomes demonstrate a statistically significant enhancement in critical
thinking skills among students who received the PBPS intervention. The independent samples
t-test (t = 9.449, df = 79, p < 0.001) and ANOVA results (F(1,79) = 89.298, p < 0.001)
clearly show that the intervention group’s performance on the Biological Critical Thinking
Skills Test (BCTS) was superior to that of the control group. These results suggest that
PBPS—structured, context-rich problem scenarios—effectively promote higher-order
cognitive skills compared to conventional instruction, aligning with research that
problem-based instructional strategies significantly improve secondary school students’
critical thinking skills in Ethiopia. For instance, quasi-experimental research in Ethiopian
secondary schools reported significant gains in critical thinking skills using problem-based
learning activities, noting improvements in students’ analytical and reasoning abilities when
learners engaged with challenging tasks (Tamene et al., 2026).

Importantly, the qualitative data from interviews reinforce this quantitative evidence.
Before the intervention, student responses were concentrated in less sophisticated reasoning
categories. After the PBPS intervention, there was a marked shift, with higher proportions of
responses in advanced reasoning categories, particularly conceptual critical thinking (CCS)
and methodological evaluation and conceptual synthesis (MECS). This indicates that PBPS
did not merely increase test scores but fundamentally improved how students approached
biological problems—moving from basic recall toward deeper analysis, evaluation, and
synthesis. Such shifts resonate with broader findings in Ethiopian education research, where
learners’ critical thinking proficiency has historically been weak under traditional pedagogy
that emphasizes memorization over application (Yeseraw et al., 2023)

This evidence supports the view that active, student-centered instructional strategies
like PBPS are particularly effective in contexts where teacher-centered instruction is
prevalent. Despite policy support for active learning in Ethiopia, classroom practices still
often limit student engagement and higher-order thinking due to curricular constraints, large
class sizes, and limited teacher training (Telore & Damtew, 2023). The success of PBPS in
the present study suggests that even low-cost, paper-based methods can circumvent resource
barriers and foster critical thinking more effectively than traditional methods.

Furthermore, the improvements observed align with the wider educational emphasis
on problem-based and inquiry-based approaches across the Ethiopian context. Research
employing guided inquiry models in biology demonstrated benefits for student attitudes,
engagement, and conceptual understanding—outcomes closely related to facets of critical
thinking. Although much of this work has focused on attitudes or content comprehension,
these studies underscore a broader pedagogical shift toward strategies that support deeper
engagement and cognitive involvement, which studies on PBPS intervention seems to
advance (Negerie et al., 2025).

The documented increase in students’ abilities to justify reasoning, evaluate evidence,
and apply conceptual understanding also speaks to the relevance of integrating PBPS within
existing curricular frameworks aimed at 21st-century skills development. Meta-analyses and

empirical studies from secondary education contexts affirm that learner-centered,
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problem-based designs promote autonomous thinking and reflective learning far more
robustly than lecturer-dominated instruction—a pattern consistent in Ethiopian education
research (Chengere et al., 2025b) .

Collectively, these results bridge a crucial gap in Ethiopian secondary science
education research, where much prior work has focused on general active learning
implementations but comparatively little has tested structured problem scenario interventions
in biology specifically. These findings demonstrate that PBPS can effectively enhance both
the gquantitative measurement of critical thinking skills and qualitative reasoning behaviors,
underscoring their pedagogical value. At a time when Ethiopian education policy increasingly
advocates for higher-order thinking outcomes, these results support the practical integration
of PBPS into biology curricula as a feasible approach to improving learner outcomes in
resource-constrained environments.

Conclusion

The study demonstrates that paper-based problem scenarios (PBPS) significantly
enhance high school students’ critical thinking skills in biology, as evidenced by both
quantitative and qualitative measures. Students exposed to PBPS not only achieved higher
posttest scores but also exhibited more sophisticated reasoning, moving from rote
memorization to deeper analysis, evaluation, and synthesis of biological concepts. These
findings highlight the effectiveness of active, learner-centered, problem- and inquiry-based
pedagogies in contexts where traditional, teacher-centered instruction dominates. By
providing a low-cost, accessible strategy for fostering higher-order thinking, PBPS addresses
a critical gap in Ethiopian secondary science education and offers a practical approach for
integrating 21st-century skills development into biology curricula. Overall, the results
underscore the potential of PBPS to improve cognitive and reasoning outcomes, supporting
its broader adoption in resource-constrained educational settings.

Based on the findings, it is recommended that Ethiopian secondary schools integrate
paper-based problem scenarios (PBPS) into biology instruction to promote higher-order
thinking, moving students beyond memorization toward analysis, evaluation, and synthesis.
Schools should also adopt active, learner-centered pedagogies, encouraging problem-based
and inquiry-oriented strategies to enhance engagement, reasoning, and autonomous learning.
Teacher training is essential to equip educators with the skills to design and facilitate PBPS
activities, guide inquiry, and assess higher-order thinking, even in large classes. PBPS can
also be adapted across other science subjects to strengthen critical thinking and problem-
solving skills broadly, and locally relevant, low-cost materials should be developed to make
active learning accessible in resource-limited classrooms.

References

Adebiyi, A. . (2023). Scenario-based learning approach and social media to support high
school students’ learning Universidade do Minho (Portugal)].

117



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Kiros T. et al.

Ahmed, K., Mekuria, Y., Zinabu, S., & Abo, G. (2025). Science education curriculum
implementation: classroom instruction perspectives in middle-level schools of eastern
Ethiopia. Multidiscip Sci J, 7(5), 2025257-2025257.

Celiker, H. D. (2021). Problem-Based Scenario Method with Experiments: Determining the
Prospective Science Teachers' Biology Self-Efficacy and Critical Thinking Tendency.
Science Education International, 32(1), 23-33.

Chengere, A. M., Bono, B. D., Zinabu, S. A., & Jilo, K. W. (2025a). Enhancing secondary
school students’ science process skills through guided inquiry-based laboratory
activities in biology. PLoS One, 20(4), e0320692.
https://doi.org/10.1371/journal.pone.0320692

Chengere, A. M., Bono, B. D., Zinabu, S. A., & Jilo, K. W. (2025b). Impact of guided
inquiry-based laboratory experiments on secondary school students’ attitudes toward
biology in Ethiopia: A quasi-experimental study. PLoS One, 20(12), e0326278.
https://doi.org/10.1371/journal.pone.0326278

Ennis. (1993). Critical thinking assessment. Theory Into Practice, 32(3), 179-186.

Ennis. (2018). Critical thinking across the curriculum: A vision. Topoi, 37(1), 165-184.

Indrasiene, V., Jegeleviciene, V., Merfeldaiteé, O., Penkauskien¢, D., Pivoriené, J., Railien¢,
A., Sadauskas, J., & Valavicien¢, N. (2018). The interpretations of the concept of
critical thinking. Social Inquiry into Well-Being, 16(2), 266-278.

Keating, D. P. (1988). Adolescents' Ability To Engage in Critical Thinking.

Kirko, M. A., & Woldearegawi, A. G. (2024). Teachers’ Perceptions and Practices of
Integrating Critical Thinking Skills when Teaching Reading. Educational Challenges,
29(2).

Kumala, F. N., Yasa, A. D., & Samudra, R. D. (2022). Elementary clarification analysis
(critical thinking skill) elementary school students based on grade and learning
method. Jurnal limiah Sekolah Dasar, 6(3), 459-467.

Lopez, M., Mendoza, E., Lumpas, R., & Lopez, M. A. (2023). Critical thinking research: A
scoping review on research gaps. The Normal Lights, 17(1).

Meesamran, N., & Polyiem, T. (2024). The development of critical thinking in grade 11
biology students through problem-based learning with forensic science issues. Journal
of Green Learning, 4(2), 68-81.

Monrad, M., & Maglholt, A. K. (2017). Problem-based learning in social work education:
Students’ experiences in Denmark. Journal of Teaching in Social Work, 37(1), 71-86.

Negerie, D., Habtamu, T., & Tafesse, T. (2025). Exploring the Effect of the Guided Inquiry
Approach with 5E on Secondary School Students’ Engagement in Biology in Mattu,
Southwest Ethiopia. https://doi.org/10.21203/rs.3.rs-7622932/v1

Nganga, L., Roberts, A., Kambutu, J., & James, J. (2020). Examining pre-service teachers’
preparedness and perceptions about teaching controversial issues in social studies.
The Journal of Social Studies Research, 44(1), 77-90.

Nuraini, N., & Antika, R. N. (2024). Exploring Biology Students’ Critical Thinking Using
Mind Maps. Jurnal Penelitian Pendidikan IPA, 10(7), 4112-4117.

Palavan, O. (2020). The Effect of Critical Thinking Education on the Critical Thinking Skills
and the Critical Thinking Dispositions of Preservice Teachers. Educational Research
and Reviews, 15(10), 606-627.

118



Bahir Dar Journal of Education Vol. 26 No. 1 January 2026 Kiros T. et al.

Scott, D., & Usher, R. (2010). Researching education.

Servant-Miklos, V. F., Norman, G. R., & Schmidt, H. G. (2019). A short intellectual history
of problem-based learning. The Wiley Handbook of problem-based learning, 3-24.

Sisay, Y. (2019). Preparatory school learners’ level of critical thinking proficiency and its
correlation with their academic achievement in Ethiopia: The missing ingredient.
English Language, Literature & Culture, 4(2), 32.

Sowunmi, E. B. S., Bolatito, E., Olagunju, A. M. O., Alice, M., Apata, A. F. S., & Susan, F.
(2022). Enhancing students’attitudes toward basic science using scenario-based
learning strategy in lagos, Nigeria. Nigerian Online Journal of Educational Sciences
and Technology, 4(2), 252-264.

Tamene, S., Mohammad, S., & Amonge, D. (2026). Problem-Based Learning Activities and
Their Effects on Speaking Competence and Higher-Order Thinking Skills among
Ethiopian Secondary Students. https://doi.org/10.21203/rs.3.rs-8602001/v1

Telore, T., & Damtew, A. (2023). New challenges to the implementation of active learning
methods at secondary schools in Kambata Tambaro zone, Ethiopia. JEES (Journal of
English Educators Society), 8(2). https://doi.org/10.21070/jees.v8i2.1773

Teshome, H., & Ordofa, B. (2023). Teachers’ Knowledge, Perception and Practice of
Learner-Centered Instruction from the Perspective of the Theory of Multiple
Intelligences in Primary Schools of West Wollega and Kellem Wollega Zones.
Journal of Science, Technology and Arts Research, 12(2), 67-84.

Wilson, J. S. (2017). Promoting critical thinking in general biology courses: The case of the
white widow spider. Journal on Empowering Teaching Excellence, 1(2), 9.

Yeseraw, A., Melesse, T., & Kelkay, A. D. (2023). Inclusion of indigenous knowledge in the
new primary and middle school curriculum of Ethiopia. Cogent Education, 10(1),
2173884. https://doi.org/10.1080/2331186X.2023.2173884

Zekiros, B. K. (2020). The Instructional practices of secondary school teachers in ethiopia:
Hulet Eju Enesie woreda. International journal of research, 8(11), 53-62.

Zubaidah, S., Mahanal, S., & Fauzi, A. (2020). Critical thinking embedded essay test.
International Conference on Biology, Sciences and Education (ICoBioSE 2019),

119





