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Abstract:

This study investigated how chemistry lecturers in the Colleges of Education enact a
reformed Bachelor of Education (B.Ed.) chemistry curriculum designed to promote
inquiry-based instruction, practical laboratory work, ICT-supported pedagogy, and
learner-centred approaches. Using a qualitative multiple-case study design, the study
drew on structured, reliability-tested classroom observations conducted across five
Colleges of Education. Cross-case thematic analysis revealed persistent reliance on
lecture-based instruction, limited use of practical laboratory activities, minimal
integration of ICT tools, and generally low levels of learner engagement. These patterns
indicate a substantial gap between the intended learner-centred curriculum and the
enacted teaching practices. Strong inter-rater agreement (i = 0.70-0.84) strengthened
confidence in the consistency of observed instructional patterns. Interpreted through the
lenses of Pedagogical Content Knowledge (PCK), curriculum implementation theory,
and educational change frameworks, the findings demonstrate how institutional
capacity, teacher beliefs, pedagogical preparedness, and limited technological
competence shape curriculum enactment. The study recommends that the government
and stakeholders prioritise the equitable provision of laboratory infrastructure, teaching
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aids, and ICT facilities to reduce disparities in curriculum implementation across
colleges. Stronger administrative monitoring mechanisms should be instituted to ensure
uniform implementation of the curriculum across all colleges.

Keywords: chemistry; education; qualitative multiple-case study; fidelity of
implementation

1. Introduction

The reform of science teacher education has become a global priority as education
systems seek to prepare learners with the scientific reasoning, inquiry competencies, and
technological literacy required for participation in contemporary societies. Recent
international scholarship consistently emphasises the need to move beyond transmissive,
lecture-dominated instruction toward inquiry-based pedagogies, meaningful practical
laboratory work, and technology-enhanced learning environments that support
conceptual sense-making in science and chemistry education.

Teacher education institutions play a critical role in preparing pre-service teachers
to enact these reform-oriented practices. However, contemporary international evidence
suggests that ambitious curriculum reforms frequently fail to translate into sustained
changes in classroom practice, resulting in persistent gaps between intended and enacted
curricula (Pepin et al., 2025).

Even in contexts where inquiry-based learning, practical work, and ICT
integration are explicitly promoted, classroom instruction often remains characterised by
teacher-centred approaches that prioritise content coverage over student inquiry and
reasoning (du Plessis, 2016). These patterns underscore the importance of examining how
teacher educators —who model instructional practices for future teachers—interpret and
enact curriculum expectations in real classroom settings.

This challenge is particularly pronounced in chemistry education, where practical
experimentation, visualisation tools, modelling, and inquiry-driven reasoning are central
to developing conceptual understanding. Nevertheless, recent studies indicate that
chemistry educators frequently underutilise these strategies due to limited confidence,
constrained resources, assessment pressures, and entrenched beliefs about efficient
teaching (Zinger et al., 2020).

Such findings suggest that curriculum enactment is shaped not only by material
conditions but also by institutional contexts, professional learning opportunities, and
teachers’ pedagogical beliefs (Leijen, 2018).

These global concerns are reflected in current teacher education reforms, including
Bachelor of Education (B.Ed.) programmes that seek to strengthen inquiry facilitation,
laboratory-based learning, ICT integration, and learner-centred pedagogy. Although
curriculum documents articulate these expectations clearly, the extent to which they are
realised in everyday teaching remains insufficiently examined. Much of the existing
literature relies on self-reported practices derived from surveys or interviews, which may
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overestimate the prevalence and quality of inquiry, practical work, and formative
assessment in classrooms (Ganajova et al., 2021).

What remains notably scarce is systematic, classroom-based evidence
documenting how chemistry teacher educators enact reformed curricula in practice,
particularly in resource-constrained contexts where the gap between policy and
classroom realities may be most pronounced.

2. Statement of the Problem

Across international science education systems, curriculum reforms continue to
emphasise inquiry-based instruction, meaningful practical work, integration of digital
technologies, and formative assessment as central to effective chemistry teaching.
However, a persistent challenge lies in translating these reform intentions into everyday
classroom practice. Recent research demonstrates that, despite strong policy
endorsement, chemistry instruction in many contexts remains dominated by lecture-
based, teacher-centred approaches that prioritise content transmission over student
sense-making and inquiry (Gultierez, 2019). This enduring gap between intended and
enacted curricula suggests that reform challenges are not confined to particular regions
but are systemic in science education.

Although a growing body of literature documents teachers’ perceptions and self-
reported practices related to inquiry, practical work, and ICT integration, there remains
a notable lack of systematic classroom-based evidence showing how chemistry curricula
are enacted in practice — particularly within teacher education institutions. This omission
is significant because chemistry lecturers in teacher education play a critical role in
modelling pedagogical practices for future teachers. Without empirical evidence of how
these lecturers enact reformed curricula in real classroom settings, explanations for the
persistent failure of chemistry curriculum reforms to produce sustained pedagogical
change remain incomplete. Addressing this problem requires methodologically robust
observational research that moves beyond policy intentions and self-report data to
directly examine enacted chemistry-teaching practices.

2.1 Purpose of the Study
The purpose of the study was to assess the classroom practices of Chemistry Lecturers in
Colleges of Education.

2.2 Research Question
The following research question guided the study:
1) How do chemistry lecturers in the selected Colleges of Education in Ghana carry
out classroom practices in implementing the chemistry curriculum?
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3. Literature Review

3.1 The CIPP Model as an Evaluation Framework

The CIPP model (Stufflebeam, 2003) provides an overarching structure for evaluating
curriculum implementation by examining: Context (needs, goals, institutional
conditions), Input (resources, professional development, infrastructure), Process (actual
classroom practices, instructional strategies), and Product (outcomes and feedback for
improvement)

The context, input, and process dimensions served as the guiding principles for
data collection and analysis in the study. Because it systematically identifies differences
between the intended and implemented curricula, CIPP is suitable. However, CIPP is
insufficient on its own to fully capture the intricate dynamics of curriculum enactment or
the specific pedagogical challenges of teaching chemistry. As a result, additional
frameworks unique to scientific education were incorporated.

3.2 Rogan and Grayson’s Theory of Curriculum Implementation

Rogan and Grayson’s (2003) model is widely used in science education research to
explain how schools enact new curricula. It emphasises three interconnected constructs:
Profile of Implementation — the extent to which innovative practices (e.g., inquiry,
practical work, ICT) appear in classrooms—-capacity to Innovate — resources, teacher
expertise, leadership support, and school climate and outside Support — professional
development, monitoring, and external assistance.

This methodology is particularly applicable in developing contexts where
institutional constraints, large class sizes, limited facilities, and inadequate professional
development hinder the implementation of chemistry education. Additionally, it
emphasises that implementation occurs in ‘zones’, meaning that, depending on local
capabilities, lecturers adopt reforms gradually and unevenly. Rather than relying solely
on broad evaluation models, such as the CIPP model, this model enables the study to
situate observed classroom activities within a well-established framework for science
education.

3.3 Fullan’s Educational Change Theory

Fullan (2016) argues that successful educational reform depends on three core
components: new materials (e.g., revised curricula), New teaching strategies (e.g., inquiry
and ICT integration), and new beliefs (e.g., teachers’ beliefs about teaching and learning).
School culture, professional development, leadership support, and teacher motivation all
play a role in driving change. Fullan’s thesis clarifies why, in the absence of enabling
systemic conditions, even well-designed courses may be poorly implemented. By
elucidating how institutional policies, lecturer views, and resource constraints combine
to shape classroom practices, Fullan’s perspective in this study aligns with CIPP and
Rogan & Grayson.
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In international research on science education, the practical application of science
curricula remains a primary concern. To foster conceptual understanding and scientific
literacy, curricular reforms worldwide are placing a greater emphasis on inquiry-based
pedagogy, hands-on laboratory work, and technology-enhanced learning (Kennedy,
2020).

Nevertheless, a growing body of research suggests that implementing these
changes in the classroom is challenging, particularly in resource-limited environments
(Fullan, 2016). The difference between the enacted curriculum, shaped by teachers’ views,
pedagogical knowledge, and contextual constraints, and the intended curriculum, as
stated by legislators, is a crucial issue (Amadu et al., 2023). An international study
emphasises the value of practical work in developing procedural knowledge, scientific
reasoning, and a meaningful understanding, particularly in chemistry education
(Hacieminoglu, 2022). Despite reforms that support inquiry-based and experiential
learning, research from Europe, Asia, and Africa indicates that teachers often employ
didactic lecture methods (Amadu ef al., 2023).

This conflict suggests that professional culture, institutional norms, and teacher
beliefs also influence implementation fidelity, alongside material resources.

3.4 Inquiry-Based Instruction and Teacher Beliefs

Inquiry-based instruction (IBI) remains a foundational approach in contemporary science
and chemistry education, reflecting a shift away from transmissive pedagogies toward
instructional practices that actively engage learners in questioning, investigation,
evidence-based reasoning, and explanation building. Recent empirical and review
studies consistently demonstrate that inquiry-oriented instruction enhances students’
conceptual understanding, motivation, and engagement, particularly when inquiry tasks
are coherently designed and appropriately scaffolded (Hsu et al., 2015).

In chemistry education, inquiry is especially valued for its capacity to support
learners in making meaningful connections among macroscopic observations, symbolic
representations, and particulate-level explanations, thereby promoting deep conceptual
sense-making rather than rote memorisation (Moju et al., 2025). Despite its well-
documented benefits, the enactment of inquiry-based instruction is strongly mediated by
teachers’ beliefs. Teachers’ epistemological views about the nature of scientific
knowledge and learning, perceptions of students’ capabilities, and confidence in
managing open-ended classroom activities play a central role in shaping how inquiry is
interpreted and implemented in practice (Adofo, 2017; Zion et al., 2020).

However, across diverse educational contexts, systemic pressures —such as high-
stakes assessment, demands for curricular coverage, large class sizes, and limited
resources—continue to constrain teachers” willingness and ability to implement inquiry-
based instruction (Solorzano, 2019). In Sub-Saharan Africa, these constraints often result
in hybrid instructional practices that blend elements of inquiry with traditional lecturing,
underscoring the contextualised nature of inquiry enactment in teacher education
settings (Amadu et al., 2023).
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3.5 Practical Work and Laboratory Experiences in Chemistry

Practical work remains a defining feature of chemistry education because it enables
learners to engage with chemical phenomena, generate evidence, and develop scientific
reasoning. However, recent scholarship emphasises that the effectiveness of laboratory
activities depends more on their pedagogical design and conceptual alignment than on
their frequency. Reviews of practical work in science education indicate that laboratory
tasks contribute meaningfully to learning only when they support inquiry, interpretation
of evidence, and reflective discussion, rather than routine verification of predetermined
outcomes (Hofstein & Hugerat, 2021; Millar, 2010). When practical activities are repetitive
or weakly connected to underlying chemical concepts, their educational impact is
substantially reduced.

Inquiry-oriented practical work has therefore been advanced as a means of
strengthening students’ reasoning and the development of explanations in chemistry.
Guided inquiry and structured reflection help learners connect experimental
observations with theoretical models, particularly when teachers actively scaffold
interpretation and classroom discourse (Reissman & Reissman, 2017).

Nonetheless, in many low-resource contexts, the enactment of practical work is
constrained by large class sizes, limited equipment, time pressures, and safety concerns.
As a result, chemistry lecturers frequently rely on demonstrations or verbal explanations
in place of student-led laboratory work, a pattern evident in Sub-Saharan African teacher
education contexts, including Ghana (Amadu et al., 2023).

To address these constraints, technology-enhanced laboratory instruction has
gained prominence as a complementary approach. Digital tools such as simulations and
virtual laboratories can support the visualisation of abstract chemical processes and
facilitate inquiry when integrated purposefully into instruction (Herga et al., 2016).

However, effective use of these tools depends on teachers’” pedagogical
competence and institutional support. Studies show that limited professional preparation
and weak alignment between ICT tools and instructional goals often lead to
underutilisation of technology, underscoring the need for pedagogical integration rather
than technology adoption alone (Abedi, 2024).

3.6 Technology-enhanced Chemistry Instruction

Technology-enhanced instruction has become an important component of contemporary
chemistry education, particularly for supporting the visualisation of abstract and sub-
microscopic chemical concepts. Digital tools such as simulations, animations, and virtual
laboratories enable learners to explore molecular structures, reaction mechanisms, and
quantitative relationships that are often difficult to observe through traditional
instruction. Recent research indicates that when these tools are purposefully integrated,
they can enhance student engagement, conceptual understanding, and inquiry-based
learning, especially in topics such as stoichiometry and chemical processes (Wu et al.,
2021)
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Despite their pedagogical potential, the classroom use of digital tools in chemistry

remains uneven. Studies across diverse educational contexts show that effective
technology integration is shaped less by access to devices and more by teachers’
pedagogical competence, confidence, and instructional beliefs (Ertmer et al., 2012).
In teacher education settings, particularly in African and Asian contexts, chemistry
lecturers often underutilise available technologies due to limited professional
preparation and weak alignment between digital tools and curriculum goals (Kitaw &
Cherie, 2025)

These findings align with broader research emphasising that successful ICT
integration requires pedagogical reasoning that connects technology with content and
inquiry, rather than a focus on technical skills alone (Niess &Gillow-Wiles, 2017).

Consequently, technology-enhanced chemistry instruction is most effective when
embedded within coherent pedagogical frameworks that support inquiry and conceptual
sense-making.

3.7 Chemistry Curriculum Reform and Implementation Fidelity

Due to a mismatch between governmental aspirations and classroom realities, science
curriculum reforms worldwide often fail to be implemented successfully. Inadequate
professional development, insufficient oversight, unclear curricular guidelines, and
institutional limitations are among the primary obstacles (Fullan, 2016; Coll & Taylor,
2019).

According to Rogan and Grayson’s (2003) model of curriculum implementation,
which is frequently used in scientific education research, implementation is impacted by
three factors: (a) the ability to promote innovation; (b) the implementation profile; and (c)
external support systems. This paradigm has been used to explain the uneven uptake of
laboratory-based education and learner-centred pedagogies in emerging environments.
Chemistry curriculum revisions in Ghana and many other sub-Saharan African nations
place a strong emphasis on inquiry, hands-on learning, and ICT integration. Nonetheless,
several studies document the ongoing use of lecture-based instruction, limited utilisation
of labs, and inadequate professional support for instructors (Coffie, 2025). These regional
studies are helpful, but when linked to global data, they become clear that Ghana’s
problems reflect broader worldwide conflicts between praxis and policy.

3.8 Synthesis of International Literature and Identified Gap
Recent international science education literature continues to document a persistent gap
between intentions for curriculum reform and enacted classroom practice. Despite
sustained policy emphasis on inquiry-based learning, practical work, and ICT-supported
pedagogy, empirical studies indicate that chemistry instruction remains predominantly
transmissive and lecture-oriented across diverse educational systems (Deng et al., 2011).
Even in well-resourced contexts, sustaining inquiry-oriented pedagogy has
proven difficult, with challenges frequently linked to teachers” epistemological beliefs,
limited pedagogical content knowledge (PCK) for facilitating inquiry, and pressures
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associated with curriculum coverage and assessment demands (Jones & Burnell, 2022).
Parallel evidence from low- and middle-income contexts further highlights systemic
constraints—such as large class sizes, limited laboratory infrastructure, and insufficient
professional development—as enduring barriers to reform-oriented enactment (Amadu
et al., 2023). Notably scarce is systematic, cross-institutional observational evidence
documenting how reformed chemistry curricula are enacted in real classrooms,
particularly within teacher education institutions.

This gap is especially consequential because chemistry lecturers in teacher
education play a pivotal role in modelling pedagogical practices for future teachers.
However, internationally, teacher educators’ classroom practices remain under-
researched compared to those of school-level teachers, and observational studies of
inquiry enactment in pre-service training contexts are rare (Akuma & Gaigner, 2021).

Addressing this gap, the present study contributes internationally relevant
evidence by providing multi-site, reliability-tested classroom observation data on how
chemistry lecturers enact a reformed curriculum in practice. By foregrounding direct
classroom evidence, the study responds to current calls in science education research for
methodologically robust, practice-based analyses that explain why curriculum reforms
so often fail to translate into sustained pedagogical change.

4. Materials and Methods

Qualitative research methods are particularly valuable for curriculum evaluation studies
because they enable researchers to explore the interpretive contexts within which
educational practices are enacted and experienced. In evaluating the implementation of
the chemistry curriculum in selected Colleges of Education in Ghana, a qualitative
approach provides insight into how curriculum policies are translated into classroom
practice through the everyday lived experiences of chemistry lecturers and institutional
leaders. As noted by Walker (2017), qualitative inquiry is grounded in an interpretive and
naturalistic tradition, whereby researchers study phenomena in their real-world settings
and seek to make sense of them by attending to the meanings participants ascribe to their
experiences. This approach is especially suited to capturing the multiple dimensions,
contextual variations, and subtle differences inherent in curriculum implementation
processes (Halkias et al., 2017).

The approval of a multiple-case study design further strengthens this inquiry by
enabling a comparative examination of curriculum enactment across different
institutional contexts. Case study research is particularly appropriate for investigating
the complex interactions among pedagogical, organisational, cultural, and
environmental factors that shape instructional practices and curriculum delivery.
Through in-depth engagement with participants within their natural settings, the case
study approach facilitates a better understanding of lecturers” perceptions, instructional
decisions, and responses to broader institutional and policy influences. Consequently,
the multiple-case study design provides a rigorous and context-sensitive framework for
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examining how the intended chemistry curriculum is interpreted and enacted across
Colleges of Education in Ghana (Abadir et al., 2020; Yin, 2017).

Each college served as an analytical case, and results were synthesised across cases

to identify recurring trends in curriculum implementation.
The study falls under the interpretive paradigm, which posits that fundamental
classroom interactions are the most effective means of understanding educational
practices, as they are socially constructed and context-dependent (Kivunja & Kuyini,
2017).

Classroom observations were conducted weekly at each participating College of
Education. During the observation period, one chemistry lesson was observed in each
college. Stoichiometry, acids, bases, and salts, as well as introductory organic chemistry,
were among the key B.Ed. Chemistry curriculum topics covered in the observed courses.
The study strengthened the representativeness of the classroom findings by capturing
differences in teaching methods across quantitative problem-solving themes and
conceptually challenging aspects of chemistry through observations of classes across
various content areas.

Structured non-participant classroom observations were used to collect data that
directly demonstrated lecturers’ instructional activities and their alignment with
curricular requirements. Because structured observations reduce observer subjectivity
while methodically capturing naturally occurring behaviour, they are ideal for
qualitative case studies (Chauhan, 2024). The documentation of instructional methods
across cases was driven by an observation checklist that aligned with curriculum goals,
practical work expectations, ICT integration, and learner engagement.

In accordance with qualitative research standards, rich descriptions, thematic
interpretations, and contextual explanations of classroom practices were prioritised.
Although numerical agreement indices (e.g., Cohen’s Kappa) were calculated to establish
inter-rater reliability, these values supported the reliability of the qualitative observations
rather than necessitating a mixed-methods design. No quantitative analysis of teaching
outcomes or statistical hypothesis testing was performed (Bergin, 2018).

4.1 Participants

For this multiple-case study, five Colleges of Education were purposively selected to
enable a thorough, comparative analysis of the implementation of the chemistry
curriculum across institutional contexts. Three important institutional factors, both
conceptually and empirically linked to variations in curricular enactment, were explicitly
targeted for variation.

The geographic locations, institutional affiliations, and resource availability of the
chosen universities were deliberately varied. The study investigated how resources
influence inquiry-based instruction, practical work, and technology integration, with
variations in laboratory facilities, instructional materials, and access to ICT. An analysis
of location-related implications for teaching techniques was enabled by variations in
geographical contexts, including semi-urban and less-resourced settings. The extent to

European Journal of Open Education and E-learning Studies - Volume 11 | Issue 1 | 2025 59


http://oapub.org/edu/index.php/ejoe

Solomon Boachie, Francis Quansah, Emmanuel Kyame Oppong, Arkoful Sam, Rita Asano
ASSESSING CLASSROOM PRACTICES OF CHEMISTRY LECTURERS IN
COLLEGES OF EDUCATION: A QUALITATIVE MULTIPLE-CASE STUDY

which organisational culture, leadership, and professional learning structures affect the
implementation of chemistry curricula was further evident in variations across
institutional affiliations and governance structures.

The principals of all participating colleges of education explicitly gave
permission. The study's goal, methods, and voluntary nature were explained to all
participants, including chemistry instructors and their students. Lecturers whose classes
were observed provided written informed consent, and students were assured that no
personally identifiable information would be collected. Participants were free to
discontinue participation at any time without incurring any fees.

Pseudonyms were assigned to the colleges as A, B, C, D, and E, and secure data
management techniques were employed to ensure strict confidentiality and anonymity.
Only the research team had access to the password-protected folders containing the data.

4.2 Data Analysis

To identify trends in curriculum enactment across the five participating Colleges of
Education, data analysis employed a methodical, multi-stage qualitative process
consistent with the multiple-case study methodology (Abadir et al., 2020; Yin, 2017). The
analysis included both within-case and cross-case procedures. The primary qualitative
dataset for the thematic analysis comprised observation notes detailing instructional
sections, lecturer-student interactions, practical work, questioning techniques, and ICT
use. These notes were transcribed verbatim into case-specific data files. All structured
observation checklists were assembled right after each classroom session.

In accordance with qualitative standards (Bergin, 2018), the focus remained on
meaning-making rather than numerical comparisons, even though inter-rater reliability
statistics (Cohen’s Kappa) were computed to establish consistency in checklist ratings.
These values were only used to support the reliability of the qualitative data, not as
quantitative findings.

4.3 Coding and Within-case Analysis
For every college, a within-case analysis was the initial step. Each tape was reviewed
several times using an inductive coding technique (Onwuegbuzie & Weinbaum, 2016)
To identify initial codes representing pedagogical methods, contextual influences, and
observed teaching behaviours. Extended lectures, explanatory explanations, the lack of
student enquiries, verbal descriptions of experiments, the non-use of ICT, restricted
formative assessment, and resource limitations are some examples of early codes.
According to Neale (2016), the coding process was iterative, with codes modified
and condensed through repeated comparison to produce larger categories. A collection
of case-specific categories was established for each scenario to represent distinctive and
recurring aspects of curriculum implementation.
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4.4 Theoretical Integration
To deepen interpretation, the themes were analysed in relation to:

Rogan and Grayson’s (2003) curriculum implementation framework (profile of
implementation, capacity to innovate, and external support) and Fullan’s (2016)
educational change theory focus on teacher beliefs, professional learning, and
institutional support. Moreover, the CIPP model (Stufflebeam, 2003) links classroom
practices to contextual, input, and process conditions. To enhance the analysis's
trustworthiness, several strategies were employed: Dependability was supported by
inter-rater reliability checks and the consistent use of the structured observation tool;
Credibility was strengthened by triangulating data across colleges and observers.
Confirmability was enhanced by memo writing during coding to document analytic
decisions. Transferability was supported through thick descriptions of classroom
contexts and instructional episodes. These steps align with established qualitative
research criteria (Yarbar, 2024).

The final themes represent the structural, pedagogical, and contextual elements
that affect curriculum implementation, as well as the recurring instructional patterns
observed in universities. The analysis offers a multifaceted understanding of the
structural limitations affecting lecturers’ practices and the implementation of the updated
chemistry curriculum.

5. Results and Discussions

Table 1: Shows the results of the cross-tabulation of
Rater agreement on the observation checklist across colleges

College A

Rater 2: O Rater 2: NO Total
Rater 1: O 9 1 10
Rater 1: NO 1 4 5
Total 10 5 15
College B

Rater 2: O Rater 2: NO Total
Rater 1: O 9 1 10
Rater 1: NO 1 4 5
Total 10 5 15
College C

Rater 2: O Rater 2: NO Total
Rater 1: O 11 1 12
Rater 1: NO 0 3 3
Total 11 4 15
College D

Rater 2: O Rater 2: NO Total
Rater 1: O 11 0 11
Rater 1: NO 1 3 4
Total 12 3 15
College E
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Rater 2: O Rater 2: NO Total
Rater 1: O 10 0 10
Rater 1: NO 1 4 5
Total 11 4 15

Note. O = Observed; NO = Not Observed.
Source: Data (2025).

Table 2: Analysis of inter-rater reliability (Cohen’s Kappa) across colleges

College Cohen’s Kappa (K) z-value p-value

A 0.70 3.54 <.001

B 0.70 3.54 <.001

C 0.84 5.52 <.001

D 0.81 4.55 <.001

E 0.81 4.55 <.001
Note: Kappa values interpreted according to Landis and Koch (1977) indicate substantial to almost perfect
agreement.

Source: Field Data (2025).

To ensure uniform use of the observation checklist across colleges, interrater reliability
was calculated. Cohen’s Kappa coefficients showed substantial to nearly perfect
agreement, ranging from 0.70 to 0.84, and were all statistically significant at p < .001
(Landis & Koch, 1977). Colleges C, D, and E had Kappa scores ranging from 0.81 to 0.84,
while Colleges A and B had Kappa scores of 0.70. These findings bolster confidence that
the observed thematic patterns reflect genuine variation in classroom practices rather
than measurement inconsistencies and validate the reliability of the observation tool.

The analysis of classroom observations across the five Colleges of Education
revealed substantial and recurring patterns in how chemistry lecturers enacted the
reformed curriculum. Despite variations in class size and resource availability, the
instructional practices observed were remarkably consistent. Four major themes emerged
from the cross-case analysis: (a) sustained reliance on lecture-dominated teaching, (b)
limited use of practical laboratory work, (c) minimal integration of ICT tools, and (d) low
levels of learner engagement. These patterns were supported by high inter-rater
reliability (x = .70-.84), indicating strong consistency in the recorded instructional
behaviours.

Across all five institutions, chemistry lessons were characterised by extended
monologic explanations, routine board work, and minimal opportunities for active
student participation. Although tables summarising rater agreement were compiled to
verify observational consistency, the patterns they revealed were more meaningfully
captured through the narrative themes described below.

The high Kappa coefficients across colleges (ranging from 0.70 to 0.84) confirm
that both observers consistently identified similar instructional behaviours. This
alignment strengthens confidence that the emerging themes reflect genuine instructional
patterns rather than observer bias.
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Theme 1: Lecture-based Instruction as the Dominant Pedagogy
Lecturing was overwhelmingly the primary instructional strategy across all colleges.
Lessons typically lasted 30-45 minutes of uninterrupted teacher talk, during which
students copied notes from the board. Very few lecturers posed open-ended questions or
encouraged student explanations; when questions were asked, they tended to elicit short
factual responses rather than conceptual reasoning.

One observation noted:

“The lecturer spoke throughout the lesson with minimal pauses. No student contributions
were requested, and the lesson proceeded as a rapid explanation of definitions and
formulae.”

This pattern demonstrates a low “profile of implementation” as described by Rogan
and Grayson (2003), in which teachers resort to familiar, teacher-centred approaches
when curriculum expectations —such as inquiry or active learning —exceed their comfort
level or institutional conditions. It also reflects limited PCK in areas such as questioning,
facilitating inquiry, and engaging learners in sense-making.

Theme 2: Minimal or Non-existent Practical Laboratory Work
Although the curriculum requires hands-on laboratory experiences, very few lessons
include demonstrations or student investigations. Even in colleges with functional
laboratories, lecturers typically replaced practical activities with verbal descriptions or
illustrations drawn on the board. In some cases, the laboratory apparatus was visible but
unused.

For example, an observer recorded:

“The lecturer described the experimental steps verbally and drew the setup on the board.
No attempt was made to demonstrate the reaction, despite the availability of reagents.”

Reasons cited by lecturers included time constraints, lack of laboratory assistants,
large class sizes, or fear of mismanaging equipment. Within the CIPP model, these
constraints represent weaknesses in both the input (infrastructure, support) and process
(implemented pedagogy) dimensions. Globally, similar patterns have been documented
in which practical work becomes theoretical or procedural rather than investigative
(Amadu et al., 2023).

Theme 3: Limited Use of ICT Tools in Chemistry Lessons
Despite the presence of projectors in some classrooms, ICT was rarely integrated into
teaching. None of the observed lessons used simulations, animations, or digital
visualisation tools to support explanations of abstract chemical concepts. Instead,
lecturers relied heavily on chalk-and-talk explanations and board sketches.

A note from College A summarised this pattern:
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“Although the projector was installed and functional, the lecturer relied solely on the
whiteboard to teach molecular structures.”

From a PCK perspective, this suggests limited technological pedagogical
competence in selecting and using ICT tools to support conceptual understanding.
Consistent with international findings (Kennedy, 2020), lecturers acknowledged low
confidence and insufficient training as barriers to digital integration.

Theme 4: Low Levels of Learner Engagement and Formative Assessment
Students were largely passive across all observed lessons. Opportunities for interaction,
collaborative work, experimentation, or inquiry-based questioning were minimal.
Lecturers’ questions tended to be rhetorical or answered immediately, leaving little time
for students to process information or articulate their thinking.

One observation captured this dynamic clearly:

“The lecturer asked three questions during the lesson, but answered all of them before any
student attempted a response.”

This absence of formative assessment—such as probing questions, diagnostic
dialogue, or feedback —indicates limited PCK in assessment for learning. It also reflects
what Fullan (2016) identifies as ‘belief-driven resistance’, in which teachers prioritise
efficiency and content coverage over student-centred learning processes.

6. Discussions

This study examined how chemistry lecturers in five Ghanaian Colleges of Education
enacted a reformed B.Ed. programme. The chemistry curriculum is intended to promote
inquiry-based pedagogy, meaningful practical work, ICT-supported teaching, and
learner-centred engagement. Across cases, the enacted curriculum remained largely
traditional: lecture-dominated instruction prevailed, practical work was limited and
often substituted with verbal descriptions, ICT integration was minimal, and learner
participation and formative assessment were weak. Because the observation checklist
yielded substantial-to-almost-perfect inter-rater agreement (x = 0.70-0.84), the cross-case
patterns are best interpreted as stable instructional tendencies rather than artefacts of
inconsistent observation.

6.1 Persistent lecture-dominated teaching and the “intended-enacted” curriculum gap
The firm's reliance on monologic explanations and board work mirrors a well-established
international pattern in which reforms advocating inquiry and learner-centred
approaches do not translate into routine classroom practice (Amadu et al., 2023;
Albaradie, 2018). In science teacher education, this issue is especially consequential
because lecturers model “what counts” as legitimate pedagogy for pre-service teachers.
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The observed dominance of transmission teaching suggests that reform messages
embedded in curriculum documents are filtered through established beliefs about
efficiency, coverage, and classroom control —conditions repeatedly identified as barriers
to the enactment of inquiry (Mpho, 2018).

Within Fullan’s perspective on educational change, this reflects incomplete change
across the three dimensions of reform —materials, teaching strategies, and beliefs —such
that new curricular intentions coexist with old instructional cultures (Fullan, 2016). From
Rogan and Grayson’s implementation lens, lecture dominance signals a low “profile of
implementation,” consistent with contexts in which classroom practices remain in lower
implementation “zones” because the demands of innovation exceed available support
and capability (Rogan & Grayson, 2003).

6.2 Limited practical work: from curriculum requirement to symbolic enactment

A second significant finding was the scarcity of authentic student practical work, even in
contexts where laboratories or apparatus appeared available. Instead of inquiry-oriented
investigations, lecturers frequently relied on chalk-and-talk descriptions or schematic
drawings of experimental setups. This aligns with international evidence that practical
work often becomes confirmatory, procedural, or purely representational when time,
equipment, safety concerns, and staffing constraints limit implementation (Deng et al.,
2011).

In Sub-Saharan African teacher education settings, similar “substitution” patterns
have been reported, in which demonstrations or verbal narration replace hands-on
inquiry due to large class sizes and weak laboratory support systems (Amadu et al., 2023).
Interpreted through CIPP, these patterns reflect weaknesses in Input (laboratory
resourcing, technical support, timetabling, safety systems) and Process (the enacted
pedagogy), producing implementation outputs that remain misaligned with the
curriculum’s practical-work intentions (Stufflebeam, 2003; Albaradie, 2018). Importantly,
the findings reinforce a key point in the practical-work literature: even where “practical
activities” occur, their learning value depends on design for reasoning, evidence
interpretation, and reflective discussion—features that were rarely observed in the
current cases (Amadu et al., 2023; Herga et al., 2016).

6.3 Minimal ICT integration: access does not equal pedagogical use

Although some classrooms reportedly had projectors or basic ICT infrastructure,
observed instruction showed little to no use of simulations, animations, virtual labs, or
other digital supports for chemical visualisation. This pattern is consistent with research
arguing that technology integration is less about availability and more about teachers’
pedagogical competence and beliefs regarding the role of ICT in supporting inquiry and
conceptual sense-making (Ertner,2012; Kitaw & Cherie, 2025). In Ghanaian post-COVID
contexts, limited training and inequitable access have also been shown to constrain
meaningful ICT use, particularly when institutional systems fail to support sustained
capacity building (Kennedy, 2020). The present findings therefore support the view that
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technology-enhanced chemistry instruction requires deliberate alignment among digital
tools, content-specific representations, and learning goals—rather than “add-on”
technology use (Ertmer, 2012; Kitaw & Cherie, 2025). In implementation terms, weak ICT
enactment reflects limited “capacity to innovate” and insufficient external/internal
support, both of which are central to understanding why technology reforms remain
superficial (Rogan & Grayson, 2003).

6.4 Low learner engagement and weak formative assessment: a PCK problem with
structural roots

Across the five colleges, student participation was generally active, and questioning
patterns were primarily closed, rhetorical, or teacher-led. These interactional features are
important because inquiry-oriented teaching relies on students generating questions,
interpreting evidence, explaining their reasoning, and receiving feedback that advances
understanding. International research indicates that such practices depend heavily on
teachers’ beliefs, self-efficacy, and PCK to facilitate inquiry and assessment for learning
(Adofo, 2017; Zion et al., 2020). The observed absence of diagnostic dialogue and feedback
suggests limitations in PCK domains central to chemistry teaching—especially
knowledge of students’ preconceptions, instructional strategies for inquiry, and
assessment practices (Zion et al., 2020; Adofo, 2017). However, the findings also indicate
that structural conditions amplify PCK limitations: large class sizes, time constraints, and
limited institutional supports reduce the feasibility of sustained dialogue and formative
assessment, which helps explain why teachers often revert to lecture even when they
endorse reform rhetorically (Soloérzano, 2019).

6.5 Synthesis: implementation fidelity as an interaction of capacity, pedagogy, and
change conditions

Taken together, the findings suggest that the gap between intended and enacted
curriculum is produced by the interaction of (a) institutional capacity constraints
(resources, staffing, time, infrastructure), (b) pedagogical capability and beliefs (PCK for
inquiry, practical work, ICT integration, and formative assessment), and (c) systemic
change conditions (leadership, professional learning, and monitoring). This integrated
explanation aligns with international literature indicating that successful curriculum
reform is unlikely when reform expectations are not accompanied by coherent
professional development, support structures, and cultural shifts in what counts as
“good teaching” (Soldrzano, 2019; Fullan, 2016). Notably, the cross-case consistency and
strong inter-rater agreement indicate that the observed implementation challenges are
systemic rather than attributable to a small number of individual lecturers.

7. Recommendation

Based on the study findings, the following recommendations are made.
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Colleges A and D should receive enhanced training programs focused on
pedagogy, reflective practice, and laboratory management to bridge gaps in
implementation quality. Government and stakeholders should prioritise the equitable
provision of laboratory infrastructure, teaching aids, and ICT facilities to reduce
disparities between colleges. Stronger administrative monitoring mechanisms should be
instituted to ensure uniform implementation of the curriculum across all colleges. While
fidelity should remain the priority, colleges facing resource constraints should be
encouraged to adapt curriculum delivery methods while preserving core objectives.
Future curriculum evaluations should continue to apply the CIPP model to track progress
and ensure that improvements in teacher training and infrastructure translate into
sustained high-quality implementation.

8. Conclusion

The study concludes that Strong institutional support—through leadership commitment,
professional development policies, and collegial collaboration—positively influences
students” perception of the curriculum. Tutors should be supported with training and
mentorship, and when leadership prioritises resource allocation, students experience a
more engaging and meaningful learning environment.
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