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ARTICLE INFO ABSTRACT
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Accepted: 18 October 2026  institutions is expected to develop formal mathematical reasoning while equipping
learners with transferable spatial competencies for trade practice. However, research
OPEN ACCESS consistently documents a persistent disconnect between abstract classroom geometry
and its vocational application, particularly in Anglophone African contexts where empirical
accounts of this gap remain thin. This study investigates how geometry is currently taught
in Ghanaian pre-tertiary TVET institutions and the factors that facilitate or hinder abstract-
practical integration. Using a qualitative, multi-method design, the study draws on fifteen
structured classroom observations, and interviews with mathematics facilitators,
vocational instructors, learners, and administrators across participating institutions.
Findings reveal that geometry instruction remains predominantly transmission-oriented,
with 80% of the fifteen observed lessons organized around lecture and direct explanation,
practical activities present in only 40%, and full vocational integration observed in a single
lesson (descriptive proportions of this purposive sample rather than population estimates).
Integration is sustained by exceptional individual conditions, notably facilitators’ prior
industry experience and informal cross-disciplinary collaboration, while constrained by
pervasive structural barriers, foremost among them an examination system rewarding
proceduralrecall over applied spatial reasoning. Interpreted through Realistic Mathematics
Education, Experiential Learning Theory, and Social Constructivism, these findings indicate
that current instructional sequencing runs counter to principles of guided reinvention and
experiential, socially mediated learning. This study provides an empirically grounded
diagnostic account of the instructional and structural conditions that any future bridging
framework for TVET geometry instruction in Ghana and comparable contexts must address.
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INTRODUCTION

Geometry underpins trade tasks from reading technical drawings to measuring precisely in carpentry, masonry,
electrical installation, and fabrication (Acheampong et al., 2026; Battista et al., 2017), and TVET is central to
national development (Davor et al., 2026). Geometry should therefore be one of the most readily
contextualizable curriculum areas (Borba et al., 2017; Gbiang & Attah, 2026). Yet pre-tertiary TVET institutions
across Ghana and much of Anglophone Africa continue to teachiit largely as an abstract, symbol-driven subject
built on definitions, theorems, and decontextualized exercises (Dalby & Noyes, 2016; Folson & Awuah, 2026;
Mlambo & Sotsaka, 2025). This is linked to learner disengagement, weak transfer to technical tasks, and a view
of mathematics as a generic academic requirement rather than a trade tool (Coben & Alkema, 2018).
Contributing factors include curricula adapted from general education syllabi, facilitator preparation that
emphasizes content mastery over contextualized pedagogy (Susilo et al., 2020), assessment that rewards
proceduralrecall (Moore et al., 2024), and ad hoc integration that depends on individual facilitators rather than
a validated framework (Mayrhofer et al., 2026; Vollet et al., 2017). This mirrors the distinction between
decontextualized school mathematics and mathematics embedded in tools, materials, and tacit judgment
(Dhakulkar et al., 2023; FitzSimons, 2014; Smith, 1999).

Few frameworks explicitly theorize how abstract geometric content can be systematically bridged with
vocational application at the pre-tertiary level (Saripudin et al., 2023). Existing instructional models either
address general pedagogy without vocational specificity or describe workshop skills without the underlying
geometric reasoning (Acheampong & Awuah, 2025; Mjenda et al., 2023). Alignment studies of Ghana's TVET
Core Mathematics curriculum show Coordinate Geometry and Trigonometry minimally represented in exit
examinations while number and numeration dominate (Atuhurra & Kaffenberger, 2022; Folson & Awuah, 2025),
but alignment alone cannot explain how geometry is actually taught and learned, or why some instructors
bridge the abstract-practical divide while most do not (Folson & Awuah, 2025; Schneider et al., 2017). Existing
research tends to assert this gap without documenting how it is enacted in individual lessons and stakeholder
accounts (Kwateng & Leong, 2025; Vimbelo & Bayaga, 2023), and studies of inquiry-based approaches and
learner perceptions (Asante-Mensa et al., 2024, 2025; Benedicic¢ et al., 2022) leave classroom-level accounts
thin. Ghana is an instructive setting because curriculum intent and assessment practice are misaligned and
mathematics is taught as generic, examination-oriented content (Kwon & Lee, 2025; Zhou et al., 2022).
Mathematics is embedded in measuring, cutting, spacing, and forming angles, yet the implemented
curriculum rarely makes these links explicit (Borba et al., 2017; Sawyer, 2022), and prospective facilitators'
geometric thinking falls short of curriculum expectations (Armah et al., 2017). This study documents lesson
structure, vocational integration, content presentation, learner engagement, assessment, and resource use,
and identifies the conditions that facilitate or hinder reform from the full range of stakeholders. It is interpreted
through Realistic Mathematics Education (Siswantari et al., 2025; Streefland, 2012), Experiential Learning
Theory, and Social Constructivism. Two research questions guide it: (1) How are geometry concepts currently
taught in pre-tertiary TVET institutions in Ghana? and (2) What factors facilitate or hinder the connection
between abstract geometry concepts and practical vocational applications? The findings offer a diagnostic
contribution that establishes the empirical case for the framework-development work that follows.

THEORETICAL FRAMEWORK

This study is anchored in Realistic Mathematics Education (RME; Freudenthal, 1991), supplemented by Kolb's
Experiential Learning Theory (Kolb, 2015) and Vygotsky's (1978) Social Constructivism. These address,
respectively, how content should be structured and sequenced (Cohen et al., 2024; Tall, 2009), how learners
internalize it through concrete and reflective engagement (Zhang, 2025), and the social, mediated conditions
that support learning (Motseki & Joojo, 2023; Stolbova et al., 2018). Freudenthal (1991) holds that mathematics
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should be taught as a human activity grounded in learners' lived reality, not as ready-made formalisms to be
memorized. Learners progress through guided reinvention, moving from contextual problems through
horizontal mathematization (translating a real-world problem into mathematical terms) and vertical
mathematization (formalizing it within geometry's symbol system) toward general representations. A bridging
framework would treat vocational tasks such as laying out a roof truss as the starting point from which
concepts are reinvented, reversing the abstract-then-applied sequence.

Kolb's cycle of concrete experience, reflective observation, abstract conceptualization, and active
experimentation (Kolb, 2015) supplies the lesson-level structure: learners engage in a vocational task, reflect
on the spatial principles involved, formalize them, and apply them to a new problem, giving instruction a
recurring structure rather than one-off contextualization (Zhang, 2025). Vygotsky's (1978) zone of proximal
development holds that learners can accomplish, with a more knowledgeable other and appropriate tools,
what they could notyet do alone (Motseki & Joojo, 2023; Stolbova et al., 2018). In TVET geometry, this highlights
facilitator modeling, peer collaboration, and vocational tools such as set squares, levels, and technical
drawings as carriers of geometric meaning (Boateng & Awuah, 2026). Together, the theories hold that
abstraction should emerge from authentic vocational activity (RME), through a recurring cycle between
concrete action and formal conceptualization (Kolb, 2015), socially mediated by scaffolding, peer interaction,
and tool use (Vygotsky). Table 1 operationalizes each construct as an indicator from the observation schedule
or interview data and identifies the Results subsection where it is applied.

LITERATURE REVIEW

Geometry in TVET Mathematics Curricula

Geometry is foundational to technical and vocational trades, including spatial visualization, measurement,
technical drawing, and material estimation (Bessot, 2015; Kyeremeh et al., 2025). Yet models of geometric
thinking were developed in academic mathematics and do not address how reasoning should be sequenced
or contextualized for vocational application (Kaiser, 2017). TVET geometry curricula tend to retain the structure
of general mathematics syllabi, with vocational content appended as illustration rather than serving as the
organizing logic of instruction (Acheampong et al., 2026; Susilo et al., 2020).

Table 1. Operationalization of Theoretical Constructs in the Analysis
Theoretical Construct Operational Indicator Corresponding Result / Section
(Instrument/Data)

Horizontal mathematization
(RME)
Vertical mathematization
(RME)

Guided reinvention (RME)

Experiential learning cycle
(Kolb)

Zone of proximal
development / mediation
(Vygotsky)

Social mediation via
collaboration (Vygotsky)

Presence of vocational context prior to
formal geometric content; vocational
reference counts (Table 10)

Spatial visualization, technical drawing,
and estimation task frequency (Table 4)
Lesson opening sequence: definition-
first vs. task-first (Observation
Schedule, Item 2)

Presence of concrete experience,
reflection, and closure activities (Table

2; Figure 1)
Facilitator questioning type and
frequency (Table 9); tool-mediated

instruction (Table 5)
Interview reports of cross-disciplinary
facilitator/instructor interaction

5.1.2, 5.1.8 — contextualization occurs but
rarely precedes formalization

5.1.3 - these categories are the least-
observed content types (26.7-40%)

6.1 - 93.3% of lessons opened with
definitional content

5.1.1, 5.1.9 - closure and reflective
consolidation observed in £20% of lessons

5.1.7 — vocationally-linked questions average
<2 per lesson

5.2.2 - structured collaboration reported as
an exceptional enabling condition
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Freudenthal (1991) critiqued the "anti-didactical inversion," the presentation of mathematics as a finished
product rather than an activity of organizing experience. As Borba et al. (2017) argue, the challenge is not to add
vocational examples but to restructure the relationship between mathematical and vocational knowledge.

Factors Influencing Abstract-Practical Integration

At the facilitator level, subject-matter confidence, vocational knowledge, and willingness to depart from
textbook-driven instruction are critical (Boateng & Awuah, 2026; Jones & Tzekaki, 2016), and industry
experience strengthens vocational connections (Zhang, 2025). Institutional factors such as measurement
tools, workshop access, and timetable pressure also shape integration (Power & Handley, 2017; Buckley et al.,
2019). At the curriculum level, specifying vocational application as a learning outcome influences practice
(Singh et al., 2024). Assessment arguably exerts the strongest influence: examination demands determine
instructional priorities regardless of curriculum policy (Jones, 2006), so facilitators teach to procedural-recall
examinations (Anamuah-Mensah & Asabere-Ameyaw, 2011). Perceived irrelevance is among the strongest
learner-level predictors of disengagement (Acheampong & Awuah, 2025; Akansiaba et al., 2025; Madrilejos,
2024). Overall, the literature offers more diagnosis than solution, with few detailed classroom-level accounts
of how integration is or is not enacted.

METHODS

Research Design

This study adopts a qualitative, multi-method design suited to generating a grounded, triangulated account of
current instructional practice and stakeholder perspectives on the conditions shaping it (Lakin et al., 2024;
Panti¢, 2017; Turner & Meyer, 2000). Data are drawn from structured classroom observations and semi-
structured interviews, triangulated across data sources and across mathematics facilitators, vocational
instructors, learners, and administrators to strengthen credibility.

Participants and Sampling

Atotal of 11 participants took part: three mathematics facilitators (MF-01-MF-03), three vocationalinstructors
in carpentry, welding, and electrical trades (VI-01-VI-03), two administrators (AD-01-AD-02), and three TVET
learners (L-01-L-03). Purposive sampling ensured direct, relevant experience with geometry instruction or
curriculum design, yielding information-rich cases for nuanced perspectives on geometry pedagogy
(Abylkassymova et al., 2022; Ntereke & Mphunyane, 2025; Sunzuma & Maharaj, 2019).

Participant Inclusion Criteria and Selection Rationale

Participants were selected based on the following criteria:

Mathematics Facilitators (n=3): Currently teaching Core Mathematics at the pre-tertiary TVET level, with a
minimum of three years of teaching experience, and responsible for geometry instruction. Facilitators were
recruited from different institutions to capture variation in institutional contexts.

Vocational Instructors (n=3): Currently teaching carpentry, welding, or electrical installation, with a minimum
of five years of trade instruction experience, and able to speak to the geometric demands of their trade.
Instructors were selected from the same institutions as the mathematics facilitators to enable discussion of
cross-disciplinary collaboration.
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Administrators (n=2): Holding positions as principal, vice-principal, or academic coordinator, with direct
oversight of the mathematics curriculum and/or TVET programs, and a minimum of three years in
administrative roles.

Learners (n=3): Enrolled in TVET programs at participating institutions, having completed at least one year of
study (to ensure familiarity with geometry instruction), and representing different trade specializations.

Institutions were selected purposively based on three criteria: (1) offering pre-tertiary TVET programs with Core
Mathematics as a compulsory subject; (2) having at least three trade specializations to enable comparison;
and (3) accessibility for the research team. Three institutions were selected to provide variation in institutional
size, location (urban vs. peri-urban), and resource availability. Participants were identified as "information-rich
cases" through consultation with institutional administrators, who recommended facilitators and instructors
with diverse experience levels and instructional approaches. This approach ensured that the sample captured
variation in teaching experience, trade specialization, and institutional context, enhancing the transferability
of findings (Lincoln & Guba, 1985).

Participant Characteristics
Sample Composition and Data Saturation

Table 2 presents the dynamics of the participants of the study. Saturation was assessed separately for the
observation and interview datasets rather than assumed a priori. For classroom observations, the researcher
tracked new codes across the fifteen sessions; no new descriptive codes were added after the twelfth lesson,
and the final three confirmed rather than extended the coding structure. For interviews, no new themes
emerged within the facilitator (n=3) or instructor (n=3) subgroups after the fifth and sixth interviews, indicating
saturation within those groups. Saturation is not claimed to the same degree for the administrator (n=2) and
learner (n=3) subgroups; this asymmetry is treated as a limitation (Section 6.5) rather than resolved. Findings
attributed to "administrators" should be read as illustrative of institutional-level perspective rather than
saturated across the role; similarly, the three learners cannot represent the full range of specializations or year
groups sampled. Learner perspectives on vocational integration, central to Research Question 2, are the least
saturated dimension and are interpreted accordingly in Section 6.

Data Collection Procedure

Data collection was conducted over eight weeks across three pre-tertiary TVET institutions in Ghana, following
a sequential, multi-method design: classroom observations first, followed by semi-structured interviews.

Table 2. Participant Characteristics

Participant Code Role Trade Area Years of Experience Institution

MF-01 Mathematics Facilitator ~ N/A 8 Institution A
MF-02 Mathematics Facilitator ~ N/A 12 Institution B
MF-03 Mathematics Facilitator ~ N/A 4 Institution C
VI-01 Vocational Instructor Carpentry 15 Institution A
VI-02 Vocational Instructor Welding 9 Institution B
VI-03 Vocational Instructor Electrical 6 Institution C
AD-01 Administrator N/A 10 Institution B
AD-02 Administrator N/A 7 Institution A
L-01 Learner Carpentry Year 2 Institution A
L-02 Learner Welding Year 3 Institution B
L-03 Learner Electrical Year 1 Institution C

Note. Years of experience for learners indicate years of study. N/A indicates role does not involve a trade specialization.
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Classroom Observations

Each of the three mathematics facilitators was observed teaching five geometry lessons, yielding fifteen
classroom observations, scheduled in consultation with facilitators to avoid disrupting normal routines.
Lessons covered geometry topics typical of the pre-tertiary TVET Core Mathematics curriculum, including
angles, area and perimeter, the Pythagorean theorem, and geometric constructions. The first author
conducted all observations using the structured Classroom Observation Schedule (Instrument 1; Section
4.4.1), which guided documentation across ten dimensions, combining structured checklist items with open
notes to capture contextual detail. Each session lasted the full regular class period, 45 to 60 minutes. To
minimize the Hawthorne effect, the researcher spent an initial acclimatization period in each classroom before
formal observation began. All observations were non-participatory; the researcher sat at the back of the
classroom without interacting with facilitators or learners.

Semi-Structured Interviews

Following the observations, semi-structured interviews were conducted with all eleven participants across the
four role groups described in Section 4.2. Interviews were scheduled at times and locations convenient for
participants, typically in private offices or quiet classrooms after instructional hours, and lasted 30 to 60
minutes, conducted by the first author using the Semi-Structured Interview Guide (Instrument 2; Section
4.4.2), with probes eliciting elaboration while preserving comparability across participants. All interviews were
conducted in English, the language of instruction in Ghanaian TVET institutions, and audio-recorded with
informed consent; in one instance, recording was paused at a participant's request and resumed with
permission. Field notes captured non-verbal cues, contextual details, and initial analytical observations.

Data Management and Triangulation

All observation notes and interview recordings were transcribed verbatim within 48 hours and anonymized
using participant codes. Transcripts were stored securely with password protection, accessible only to the
research team. Triangulation was facilitated by temporal sequencing: observations provided a direct account
of enacted practice (Research Question 1), while subsequent interviews let participants reflect on and
elaborate the conditions documented observationally (Research Question 2), and let the researcher follow up
on specific observed practices with the facilitators concerned.

Instrument Development

Data collection was supported by two purpose-built instruments, each addressing one research question and
drawing on a designated participant group. Both were developed to be coherent with the study's theoretical
framework and design, providing complementary data allowing findings to be triangulated across methods and
roles (Basetto & Galli, 2020; Firdaus et al., 2025; Xiong, 2024).

Instrument 1: Classroom Observation Schedule

Instrument 1 is a structured classroom observation schedule addressing Research Question 1: how geometry
concepts are currently taught. It guides observers through ten dimensions: (1) lesson structure, (2) vocational
integration, (3) content presented, (4) representation modes, (5) learner engagement, (6) assessment
practices, (7) facilitator-learner interaction, (8) contextualization, (9) lesson closure, and (10) resources and
materials. It combines structured checklists with open notes capturing contextual detail a checklist alone
cannot, plus a final section on the strength of the abstract-practical connection evident. It was completed
during orimmediately after each lesson by the trained researcher.
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Instrument 2: Semi-Structured Interview Guide (Research Question 2)

Instrument 2 is a semi-structured interview guide addressing Research Question 2: the factors facilitating or
hindering the connection between abstract geometry and practical vocational application. It is organized into
fourrole-specific question sets, forfacilitators, instructors, learners, and administrators, each covering current
practice, facilitating factors, hindering factors, and recommendations, with probes eliciting elaboration while
preserving comparability. Role-specific tailoring ensures relevance: facilitators are asked about their own
practices; instructors about geometric knowledge demands and collaboration; learners about their experience
and its perceived relevance; and administrators about institutional resources and policy.

Trustworthiness

To ensure trustworthiness, Lincoln and Guba's (1985) four criteria, credibility, transferability, dependability, and
confirmability, were systematically operationalized. Credibility was enhanced through triangulation across
observation schedules and interview transcripts, allowing cross-verification across participant groups and
methods (Moustakas, 1994). Member checking returned preliminary thematic summaries to selected
participants (two facilitators, two instructors, two learners) for validation. Dependability was established
through systematic double-coding: two researchers independently coded a 30% subset of interview
transcripts and observation notes, resolving discrepancies through discussion. The final codebook was
applied consistently, yielding a strong inter-coder Kappa of 0.84 (Miles et al., 2014). Confirmability was
supported by a comprehensive audit trail documenting methodological decisions, coding, theme
development, and reflexive notes, including raw data, data reduction products, and reconstruction products,
enabling externalreviewers to trace the analytic process (Shenton, 2004). Finally, transferability was addressed
through thick descriptions of institutional profiles, classroom settings, participant characteristics, and
instructional conditions observed, enabling readers to assess applicability to similar pre-tertiary TVET settings
elsewhere (Lincoln & Guba, 1985). Collectively, these practices strengthened the study's methodological
rigour.

Positionality of the Researchers

The researchteam occupies a dual positionality, both insider and observer, within Ghanaian TVET mathematics
education. The first author, a mathematics educator with experience in pre-tertiary TVET instruction, brings
deep understanding of the institutional environment and curriculum expectations. The second author, an
established researcher with extensive experience in curriculum analysis and facilitator development in Ghana,
adds scholarly perspective on the structural and policy dimensions of the divide. This professional proximity
offered advantages: it facilitated trust and rapport across the four stakeholder groups, who were more willing
to share candid reflections knowing the researchers had an informed appreciation of their professional
realities, and the team's familiarity with Ghana's TVET curriculum, examination system, and institutional
hierarchies enriched interpretation of how policy intentions translate into classroom practice.

The insider position also posed risks of bias in interpreting classroom practices that may reflect systemic
shortcomings within institutions the researchers are professionally connected to. Reflexive practices were
employed throughout, including a research journal and peer debriefing with external colleagues, and
triangulation and member checking served as further checks against overreliance on any single interpretive
frame. Two concrete steps also managed insider bias: the first author did not observe orinterview in institutions
where he held an ongoing supervisory relationship, and the independent double-coding of a 30% subsample
(Section 4.5) served specifically as a check on insider bias. Two further risks warrant acknowledgment. First,
the Hawthorne effect cannot be ruled out given the small number of lessons per facilitator (five); if facilitators
modified practice toward greater integration when observed, the low integration levels reported in Section 5.1.2
may understate rather than overstate typical practice, carried forward as a limitation in Section 6.5. Second,
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the researchers' shared commitment to strengthening TVET mathematics education could predispose analysis
toward systemic rather than facilitator-level explanations; this is addressed, though not eliminated, by the
divergent readings in Section 6.1 and by member checking. The researchers' academic positioning within
Ghanaian higher education, combining scholarly rigour with practicalrelevance, shaped the study's theoretical
framing and interpretive orientation, generating findings that are empirically grounded and actionable for
curriculum development and instructional reform.

Ethical Considerations

The study was conducted in accordance with standard ethical research protocols, including institutional
ethics approval, informed consent, voluntary participation, and confidentiality and anonymity in reporting
classroom observation, interview, and survey data.

RESULTS

Research Question 1: How Are Geometry Concepts Currently Taught in
Pre-Tertiary TVET Institutions?

Fifteen classroom observations were conducted across participating institutions, covering geometry lessons
in a range of trade specializations. Findings are organized around ten thematic dimensions — lesson structure,
vocational integration, content, representation, engagement, assessment, interaction, contextualization,
closure, and resources — depicting how geometry instruction is currently enacted. A note on the percentages
reported throughout this section: they describe patterns within the fifteen purposively sampled lessons and
are descriptive proportions of that sample, not population estimates. No confidence intervals or significance
tests are implied; “80%” means 12 of 15 observed lessons, not an inferential claim about TVET geometry
instruction broadly.

Lesson Structure and the Dominance of Facilitator-Centered Instruction

The most striking structural feature of geometry lessons was the extent to which instruction was organized
around the facilitator rather than learner activity. Lecture and direct explanation were the primary method in 12
of 15 lessons (80%), averaging 25 minutes per session (Table 3). Individual seatwork was the second most
common (60%), and question-and-answer exchanges occurred in 67% of lessons, though predominantly
factual recall (Section 5.1.7).

Table 3. Distribution of Primary Teaching Methods Observed

Teaching Method Frequency of Use  Duration Key Observations

(Average)
Lecture/Explanation 12/15 (80%) 25 min Facilitator-dominated; limited learner interaction
Demonstration 8/15 (53%) 10 min Often used for tool use or procedures
Question-and-Answer 10/15 (67%) 5min Mostly low-level recall questions
Group Work 3/15 (20%) 20 min Limited; often facilitator-facilitated
Practical/Hands-on Activity 6/15 (40%) 20 min Primarily in workshop-based sessions
Use of Manipulatives/Models 4/15 (27%) 5min Basic geometric models
Individual Seatwork 9/15 (60%) 10 min Textbook problems and worksheets
Problem-Solving Exercises 7/15 (47%) 15 min Mostly routine problems

Note. Multiple methods could be observed within a single lesson. Percentages reflect the proportion of the 15 observed
lessons in which each method was used. These are descriptive proportions of the observed sample, not inferential
statistics or population estimates.
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Active and collaborative modes were substantially less common. Practical or hands-on activities occurred in
only 40% of lessons, largely confined to workshop-adjacent sessions, and group work in just 20%, typically
facilitator-directed. Demonstration (53%) mainly modeled tool use or procedure rather than geometric
principles, and manipulatives were used only briefly (27%, averaging five minutes).

This pattern reflects a predominantly transmission-oriented approach in which facilitators present,
demonstrate, and assign exercises while learners remain largely receptive. As one facilitator acknowledged:

“The syllabus is so packed that | have to cover the definitions and formulas first. There is no time
to let learners discover things on their own.” - (MF-01)

This transmission orientation is consistent with Freudenthal's (1991) critique of ready-made mathematics
transmission; geometric content is delivered rather than reinvented from experience: this is the guided-
reinvention constructin Table 1, operationalized here through the low incidence —a characteristic any bridging
framework must address.

Vocational Integration in Geometry Instruction

A second key finding concerns the extent to which geometry instruction connected to learners' vocational
specializations (Table 4). The overwhelming majority of lessons demonstrated limited or no meaningful
integration: 13.3% (n=2) were purely abstract, and the largest category, minimal integration (33.3%), consisted
of brief, incidental trade-relevance mentions. Moderate integration accounted for a further 26.7%; only 20%
reached substantial integration, and full integration was observed in a single lesson (6.7%).

Taken together, these figures indicate that 73.3% of observed lessons demonstrated either no integration or
only superficial connections between geometry and vocational practice, at odds with the dual mandate TVET
geometry instruction is expected to serve. One facilitator acknowledged that “carpenters need to understand
angles” but returned immediately to abstract calculation (Observation 4); by contrast, the exceptional cases
of substantial or full integration stood out, as when learners measured actual metal pieces for a practical
project (Observation 12).

"The facilitator mentioned that carpenters need to understand angles but continued with abstract
calculations without further connection." (Observation Notes, Observation 4)

"Learners were measuring actual metal pieces and calculating areas required for a practical
project.”" (Observation Notes, Observation 12)

Interviews with facilitators helped explain why this integration was so rare. MF-02, who had prior engineering
experience and achieved higher integration scores, explained:

Table 4. Extent of Practical Vocational Integration Observed Across Lessons

Level of Integration Frequency % Characteristic Features

(n=15)
No integration observed 2 13.3% Purely abstract geometry with no trade connections
Minimalintegration 5 33.3% Brief mention of trade examples (e.g., "carpenters use angles")
Moderate integration 4 26.7% Vocational examples discussed but not applied
Substantial integration 3 20.0% Learners engage with vocational tasks applying geometry
Fullintegration 1 6.7% Geometry taught through authentic vocational activities

Note. Integration levels reflect the researcher's holistic rating of each lesson using the observation schedule categories. As
above, these figures are descriptive proportions of the 15 observed lessons and are not intended as inferential or
population-level estimates.
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“When you have worked in industry, you can see the connections naturally. But most of us went
straight from university to teaching. We know the theory but not the practical application.” — (MF-
02)

The vocational references that do occur function as what Freudenthal (1991) termed horizontal
mathematization—translating practical contexts into mathematical language—but rarely proceed to the
vertical mathematization that would formalize and generalize that content geometrically. This reflects the
structural insulation between academic and vocational knowledge documented in the pedagogic-codes
literature (Bernstein, 2000).

Nature of Geometric Content Presented

The geometric content presented reflected a predominantly formal, definition-and-formula orientation.
Definitions were present in every lesson (100%), and formulas and calculations featured in 93.3% (n=14), the
most consistently present content types (Table 5). Measurement techniques appeared in 80% of lessons,
mostly through instrument use, and theorems and proofs in 53.3%. Content types more directly supporting
abstract-practical bridging were substantially less common: spatial visualization exercises in only 40% of
lessons, technical drawing or blueprint reading, among the most trade-relevant skills, in just 33.3%, and
practical estimation tasks in only 26.7%. The formal, propositional dimensions of geometry thus dominate
coverage while applied, spatial dimensions remain marginal.

The near-absence of technical drawing is particularly striking given its centrality to vocational practice. As VI-
01 (Carpentry Instructor) explained:

"In carpentry, we work from drawings every day. But when | ask learners about the geometry they
learned, they say they never saw a blueprint in math class.” - (VI-01)

Representation Modes Employed in Geometry Instruction

The representational landscape of observed lessons was dominated by visual-diagrammatic and symbolic
modes, with limited use of concrete or vocational representations (Table 6). Whiteboard or textbook diagrams
were the primary mode in 93.3% of lessons, and formal symbolic notation appeared in 86.7%. Tool-based
representations, rulers, protractors, and compasses, were observed in 66.7%. However, representations
engaging learners with the materiality of vocational work were far less common. Concrete objects or 3D models
were present in 40% of lessons, vocational materials in only 26.7%, and digital representations in only two
lessons (calculator use). This hierarchy, privileging abstract symbolic and diagrammatic modes over concrete
and vocational ones, is consistent with the broader instructional pattern.

Table 5. Types of Geometric Content Observed in Lessons

Content Type Frequency Example Topics Observed

(n=15)
Definitions of geometric terms 15 (100%) Types of angles, triangles, circles
Formulas and calculations 14 (93.3%) Area, perimeter, volume calculations
Measurement techniques 12 (80%) Using rulers, protractors, measuring tapes
Theorems and proofs 8(53.3%) Pythagorean theorem, angle properties
Spatial visualization exercises 6 (40%) Mental rotation, 2D to 3D interpretation
Technical drawing/Blueprints 5(33.3%) Reading blueprints, creating simple drawings
Practical estimation tasks 4 (26.7%) Estimating measurements before verifying

Note. Multiple content types could be present within a single lesson. Frequencies reflect the number of lessons in which
each content type was observed.
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Table 6. Representation Modes Employed in Geometry Lessons

Representation Mode Frequency (n=15) Notes on Usage

Visual/Diagrammatic 14 (93.3%) Primary mode; whiteboard drawings, textbook diagrams
Symbolic/Formal notation 13 (86.7%) Formulae, geometric notation, equations

Tool-based 10 (66.7%) Rulers, protractors, compasses

Concrete objects/Models 6 (40%) 3D shapes, models of geometric figures

Vocational materials/workshop 4 (26.7%) Building materials, metal pieces, wood samples

items

Digital/Technology-based 2(13.3%) Limited; occasional use of calculators

Note. Multiple representation modes could be observed within a single lesson.

Table 7. Learner Participation Levels Observed Across Lessons

Participation Level Frequency Description
(n=15)
High (most actively engaged) 3(20%) Learners actively answering, discussing, asking questions
Moderate (some engaged) 6 (40%) Core group participates; others passive
Low (few engaged) 4(26.7%) Limited verbal participation; mostly listening
Minimal (learners passive) 2(13.3%) Learners largely silent; few responses

Note. Participation level reflects the researcher's holistic rating based on observed learner behavior throughout the lesson.
Learner Engagement and Evidence of Geometric Reasoning

Learner engagement was predominantly moderate to low (Table 7). Only 20% of lessons showed high
engagement, with most learners actively contributing; 40% showed moderate engagement, where a core group
participated while others remained passive; and the remaining 40% showed low or minimal engagement with
largely passive listening. Evidence of spatial and geometric reasoning beyond procedural execution was
similarly limited (Table 8). The most frequent indicator was correct use of geometric vocabulary (53.3%),
followed by application of geometric principles (46.7%) and interpretation of drawings (40%). Active
measurement was observed in 33.3%, and conceptual explanation—learners articulating why a principle
holds rather than merely executing it—in only 26.7%; in 20% no explicit reasoning was observed.

Interview data provided insight into why engagement was so limited. L-01 (Carpentry Learner) explained:

"The math class feels like a different world. | don't see how that relates to the wood I'm cutting." —
(L-01)

This perceived irrelevance, as Madrilejos (2024) found, is a strong predictor of disengagement. The scarcity of
facilitator questioning that would move learners toward assisted conceptual articulation (Section 5.1.7) is the
mechanism sustaining this limited development.

Table 8. Evidence of Spatial and Geometric Reasoning Observed

Evidence Type Observed Percentage  Example
(n=15)
Learners applying geometric principles to 7 46.7% Using formulas to solve practical problems
tasks
Learners interpreting drawings/diagrams 6 40.0% Reading technical drawings
Learners making measurements 5 33.3% Measuring angles/lengths
Learners using geometric vocabulary 8 53.3% Correct terminology used in responses
Learners explaining geometric concepts 4 26.7% Explaining why formulas work
No explicit reasoning observed 3 20.0% Rote memorization of procedures

Note. Multiple evidence types could be observed within a single lesson
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Assessment and Feedback Practices

Assessment practices were heavily weighted toward oral questioning and written procedural exercises. Oral
questioning, used in 93.3% of lessons, was the primary mechanism for checking understanding, and written
exercises featured in 80% (Table 9). Informal facilitator observation during tasks was recorded in 53.3%.
Assessment of applied competence was far less common: homework occurred in 40% and practical
demonstration in only 33.3%, mainly in workshop-linked sessions. The nature of assessment tasks reflected
the broader instructional pattern: predominantly procedural recall rather than problem-solving or practical
demonstration, likely reinforcing geometry's abstract character since assessment demands shape learning
activities. A bridging framework must therefore address assessment design alongside instruction, embedding
vocational tasks as legitimate, regular modes of assessing geometric competence.

Facilitator-Learner Interaction and Questioning Patterns

Facilitator questioning patterns revealed a strong bias toward low-level factual recall (Table 10): 12 to 18 low-
level questions per lesson (e.g., “What is the formula for area?”) against only 3 to 6 higher-level questions.
Questions promoting geometric reasoning averaged 2 to 5 per lesson, and questions linking geometry to
vocational practice averaged fewer than two, absent entirely from several observations.

This questioning profile is consequential for the development of mathematical reasoning. Field notes recorded
that facilitator questioning predominantly focused on procedural recall, with learners rarely asked to justify
their reasoning or connect to vocational contexts (Field Notes, Observation 8).

Interviews revealed why this pattern persists. MF-01 explained:

"I ask basic questions to check if they understand the formulas. When | ask harder questions,
many learners just don't answer. So | keep it simple." — (MF-01)

This reflects a rational adaptation to time pressure and learner preparedness, but from a Vygotskian
perspective, it represents a missed mediational opportunity: it is through questioning that learners are guided
from concrete task performance toward reflective articulation of the geometric principles involved (Vygotsky,
1978).

Table 9. Assessment Methods Observed Across Lessons

Assessment Method Frequency (n=15) Purpose/Context

Oral questioning 14 (93.3%) Checking understanding and factual recall
Written exercises 12 (80.0%) Textbook problems and worksheets
Facilitator observation 8 (53.3%) Informal monitoring during tasks

Practical demonstration 5(33.3%) Hands-on assessment in workshops
Homework assignment 6 (40.0%) Extension of classwork

Note. Multiple assessment methods could be observed within a single lesson

Table 10. Facilitator Questioning Patterns Observed

Question Type Freq. Example Questions

(Avg per Lesson)
Low-level (factual recall) 16 What is the formula for area?
Higher-level (explanation/analysis) 6 Why does this formula work?
Open-ended questions 3 How would you solve this problem?
Questions requiring geometric reasoning 5 What do these angles tell us?
Questions linking to vocational practice 2 How would this apply to your trade?

Note. Frequencies represent the range observed across the 15 lessons. Low-level questions were the dominant type in all
observed sessions
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Contextualization and Vocational References

A more granular analysis of vocational references reinforces the integration findings above (Table 11). While
53.3% of lessons mentioned specific trades by name and 40% used vocational terminology (e.g., “plumb,”
“level,” “square”), these rarely functioned as the organizing logic of instruction. References to workshop
procedures (33.3%) and workplace applications (26.7%) typically remained illustrative, trade examples
appended to an abstract sequence rather than the starting point for reinventing geometric understanding. This
pattern matches whatthe pedagogic-codes literature terms illustrative contextualization: vocational examples
addedto an essentially academic pedagogical logic without restructuring it. Observed contextualization largely
remained at Freudenthal's horizontal-mathematization level, translating practical contexts into mathematical
language, without the vertical mathematization that would formalize and generalize deeper geometric
understanding.

Lesson Closure Practices

Lesson closure, with particular potential for reinforcing abstract-practical connections, was generally
underdeveloped (Figure 1). Facilitator-led summaries were provided in 60% of lessons, but in 20% none was
provided. Learner-led summaries occurred in only 13.3%, forfeiting the reflective consolidation Kolb's cycle
identifies as essential. Closure explicitly connecting content to vocational application was observed in only a
single lesson (6.7%).

Table 11. Explicit Vocational References Observed Across Lessons

Reference Type Frequency (n=15) Illustrative Examples

None 2(13.3%) No reference to trade context throughout the lesson
Mention of specific trades 8 (53.3%) References carpenters, electricians, and mechanics
Reference to workshop procedures 5(33.3%) Measuring, cutting, and constructing referenced
Use of vocational terminology 6 (40.0%) “Plumb?, “level”, “square” used in explanations
Discussion of workplace applications 4 (26.7%) Real-world problem scenarios discussed

Note. A single lesson could include multiple reference types. Two lessons (13.3%) contained no vocational references of
any kind

Frequency (n=15)

B Teacher summarizes key
points

B No summary provided

B Learners summarize key
points

B Summary connects to
vocational applications

Note. Percentages reflect the proportion of the 15 observed lessons.

Figure 1. Lesson Summary Patterns (Source: The authora)
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As MF-03 reflected:

"l usually just go over the main points at the end. | hadn't thought about connecting it to their
trades during the closure—the summary is more about making sure they remember the formula."”
- (MF-03)

This absence of reflective consolidation, particularly of vocational connections, represents a missed
opportunity to strengthen the abstract-practical bridge Kolb's (1984) experiential learning cycle identifies as
essential.

Resources and Materials Used

The resource environment showed a sharp gradient from high-frequency use of conventional classroom tools
to very limited use of vocational and digital resources (Table 12). Chalkboards were used in all 15 lessons,
textbooks in 86.7%, and geometric instruments in 80%, suggesting tool-based measurement is a consistent
feature of instruction. Beyond these conventional resources, the pattern drops sharply.

Workshop tools appeared in only 40% of lessons, concentrated near workshop spaces. Physical models were
present in 26.7%, and technical drawings or blueprints, arguably the most trade-relevant visual resource, in
only 20%. Digital or ICT resources were observed in just two lessons. This near-absence both reflects the
broader instructional approach and constrains the integration achievable under current conditions.

Summary of Findings for Research Question 1

The observational data converge on a coherent picture of geometry instruction thatis predominantly facilitator-
centered, formally oriented, and weakly connected to learners' vocational specializations. Instruction centres
on lecture, textbook exercises, and procedural question-and-answer exchanges; content is dominated by
definitions, formulae, and theorems, with spatial visualization, technical drawing, and estimation appearing
only in a minority of lessons.

Representation is overwhelmingly symbolic and diagrammatic; engagement is moderate to low; assessment
favours oral recall and written exercises over practical demonstration; vocational references are largely
superficial; closure rarely consolidates abstract-practical connections; and the resource environment,
adequate conventionally, is limited in vocational materials, technical drawings, and digital tools.

These findings document the empirical baseline from which the conceptual framework developed in this study
departs. They confirm that the abstract-practical divide identified in the literature is a demonstrable feature of
current geometry instruction in Ghanaian pre-tertiary TVET, and specify the dimensions along which a bridging
framework must intervene.

Table 12. Resources and Materials Observed Across Geometry Lessons

Resource Type Observed Percentage How Used

(n=15)
Chalkboard/Whiteboard 15 100% Diagrams, formulas, and worked-examples
Textbooks/Worksheets 13 86.7% Problem sets, and reference examples
Geometric instruments 12 80% Measurement and drawing construction
Workshop tools/equipment 6 40% Practical measurement activities
Models/Manipulatives 4 26.7% Demonstrating 3D shapes
Technical drawings/Blueprints 3 20% Interpreting geometric components of drawings
Digital/ICT resources 2 13.3% Calculators, occasionalinstructional videos

Note. Multiple resource types could be observed within a single lesson
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Research Question 2: What Factors Facilitate or Hinder the Connection
Between Abstract Geometry Concepts and Practical Vocational
Applications in Pre-Tertiary TVET?

Data addressing Research Question 2 were generated through semi-structured interviews with the eleven
participants across the four role groups described in Section 4.2. Thematic analysis produced five themes:
current instructional disconnects, facilitators, hindering factors, cross-cutting patterns, and framework
recommendations, presented below with selected excerpts.

Current Instructional Practice and the Theory-Practice Disconnect

Whereas Section 5.1.2 documented the extent of vocational integration observed directly in the classroom,
interview data reveal how this disconnect is experienced across stakeholder groups. Across all groups, a
persistent structural disconnect between mathematics classroom instruction and vocational workshop
practice was the most consistently identified feature of current teaching. MF-01 (8 years) described a
transmission-oriented approach driven by examination scheduling:

"The syllabus is so packed that | have to cover the definitions and formulas first. There is no time
to let learners discover things on their own. The exam only tests formulas anyway." - (MF-01)

MF-03 (4 years) had attempted an early collaboration with the carpentry instructor on rafter-length
calculations, reported as highly engaging but discontinued due to timetabling difficulties:

"We tried it once—the learners were so engaged! But then the timetable changed and we never
found time to coordinate again." - (MF-03)

Vocational instructors independently corroborated the disconnect from the workshop side. VI-01 (Carpentry,
15 years) found learners could not transfer geometric knowledge to practical tasks, requiring him to reteach
principles himself despite limited pedagogical expertise, at one point discovering mid-lesson that he had
conflated slope ratio with angle when teaching roof pitch:

"Geometry is the foundation of carpentry. But here’s the problem—Ilearners come to my workshop
and they can’t apply what they learned in mathematics class." - VI-01 (Carpentry Instructor)

"The mathematics class feels like a different world. | don’t see how that relates to the wood I’'m
cutting."-L-01 (Carpentry Learner, Year 2)

Facilitators of Abstract-Practical Connection

Thematic analysis identified facilitating factors operating at three levels: personal, institutional, and curricular.
At the personal level, facilitators with prior industry or trade experience showed a markedly stronger capacity
to make vocational connections. MF-02 (12 years, with prior engineering experience) drew routinely on her
industry background:

"When | explain angles, | talk about how they used the same principle when | worked on
construction sites. | can see them paying more attention when | make it real." — (MF-02)

L-02 (Welding, Year 3) described how relating angle bisection to joining pipes made a principle
comprehensible where abstract instruction had not:

"When the teacher said this is about joining pipes at the right angle, it just clicked. Before that, |
didn't see why we were learning it."— (L-02)
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At the institutional level, the most powerful facilitators were structured opportunities for cross-disciplinary
interaction. AD-01 described “integration weeks,” during which mathematics facilitators visited the workshop
and vocational instructors attended mathematics classes, supplemented by quarterly alignment meetings:

"When we bring them together, they realize how much they could help each other. The math
teacher sees what the students actually need in the workshop." - (AD-01)

VI-02 (Welding, 9 years) offered the clearest example: a mathematics facilitator who observed his welding
sessions restructured her lessons around the joint types learners were practising:

"She came to my workshop and watched how | teach the students to weld at different angles.
Then she changed her math lessons to focus on those angles. The students said, 'Now we
understand why we're learning this!" When facilitators collaborate, learners understand.”" — VI-02
(Welding Instructor)

At the curricular level, participants noted the revised TVET syllabus had begun including suggested practical
applications, used by some facilitators as a prompt for contextualized instruction. However, MF-01 noted these
mentions (e.g., “learners should be able to apply area to tiling”) provided no pedagogical guidance or worked
examples:

"The syllabus mentions practical applications but doesn't tell us how to teach them. I'm left to
figure it out myself."— (MF-01)

Hindering Factors

Five categories of hindering factor emerged: facilitator-related challenges, learner-related challenges,
institutional constraints, resource limitations, and assessment barriers. These were consistent across
participant groups and mutually reinforcing rather than discrete.

Facilitator-related challenges centred on limited vocational knowledge and time pressure. MF-03 described a
learner from a plumbing background correcting an unrealistic example, generating embarrassment that
deterred further contextualization attempts:

"I tried to use plumbing as an example once, and a student said, 'That's not how it works in real
life." was embarrassed and haven't tried again." — (MF-03)

This illustrates how absent trade-specific knowledge can discourage even motivated facilitators. MF-02
identified time pressure as the second major barrier: 15 geometry topics compete for 40 timetabled periods
perterm:

"If | try to integrate vocational examples properly, | fall behind the syllabus. The exam comes
regardless of whether I've covered everything." — (MF-02)

Learner-related challenges included weak foundational knowledge and classroom anxiety. VI-03 (Electrical, 6
years) regularly encountered learners unable to distinguish area from perimeter, requiring workshop time to be
reallocated to remediation:

"I have to spend workshop time teaching basic measurement because they didn't learn it properly
in math. It wastes time | should be spending on electrical skills." - (VI-03)

L-03 (Electrical, Year 1) described suppressing comprehension difficulties to avoid embarrassment:

"Sometimes | don't understand, but I'm afraid to ask. The other students will think I'm stupid." — (L-
03)
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Institutional constraints included staffing, timetabling, and resource availability. AD-01 identified a shortage of
“hybrid facilitators” able to work across mathematical and vocational domains, compounded by non-
overlapping class schedules:

"We don't have enough teachers who understand both math and trades. And even when we do,
their timetables don't allow for joint planning." - (AD-01)

VI-01 noted that reliance on scrap materials prevented learners from developing the measurement precision
that accurate geometric work demands:

"We work with scrap wood—nothing is straight. How can they learn precision when the materials
are imprecise?" - (VI-01)

Assessment system barriers were identified by all groups as the deepest structural constraint. MF-02 and AD-
02 both articulated the core dynamic: as long as national examinations test only abstract, procedural
knowledge, facilitators will teach to that examination regardless of any framework or initiative:

"If the exam asked them to apply geometry to a real situation, | would teach that way. But the exam
drives the teaching." - MF-02

AD-02 elaborated on the assessment challenge:

"We've tried to encourage more practical teaching, but the examination board hasn't changed.
Until they do, teachers will always prioritize what is tested." — (AD-02)

This assessment misalighment creates a rational response at the facilitator level: teaching to the examination
is time-efficient and aligns with accountability metrics, even when it undermines vocational integration.

Cross-Cutting Theme Analysis

Table 13 presents the consistency of themes across participant groups, revealing which factors are
experienced most uniformly across stakeholder perspectives and which show variation.

Table 13. Cross-Cutting Theme Analysis: Consistency of Facilitators and Barriers Across Participant Groups

Theme Mathematics Vocational Learners Administrators Consensus

Facilitators Instructors Level
Theory-practice Struggle to Frustrated by Confused by Aware of the issue High
disconnect createrelevance lack of transfer abstraction
Need for Value it; rarely Desire morejoint Want to see Recognize need; lack High
collaboration practised planning connections structures
Assessment as Facilitate to the Assessment Worry about Advocate reform; High
barrier exam misses exam questions change is slow

application

Resource Need visual Need measuring Want hands-on Acknowledge Medium
limitations materials tools practice constraints
Facilitator Lack vocational Lackpedagogical Affected by Need for professional High
confidence knowledge knowledge facilitator clarity development
Curriculum Rigid syllabus Limited time for Want practical Balancing priorities Medium
flexibility pressures theory relevance

Note. Consensus level reflects the degree to which the theme was raised spontaneously and consistently across all
participant groups in the interview data.
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Summary of Findings for Research Question 2

The interview data converge on a picture in which the theory-practice disconnect documented observationally
in Section 5.1 is experienced by all stakeholder groups as structurally embedded rather than an individual
pedagogicalfailing. Enabling factors are present only in exceptional cases, while inhibiting factors- assessment
misalighment, workload, limited vocational knowledge, resource constraints, scheduling- are pervasive. A
bridging framework must address institutional and assessment conditions, not only instructional design.

DISCUSSION

The Persistence of Transmission-Oriented Geometry Instruction in TVET

That 80% of lessons centered on lecture and direct explanation, with practical activities in only 40% and full
vocationalintegration in one lesson, reflects a structural condition documented across TVET systems. Wedege
(2010) argued that school and workplace mathematics are distinct epistemic practices, and Regnier (2014)
found that TVET mathematics curricula in several national systems still mirror general education sequences.
The present findings show this disconnect enacted lesson by lesson through questioning, representation, and
the near-absence of closure. A divergent view holds that well-sequenced direct instruction can produce strong
conceptual outcomes (Hiebert et al., 2002) and that procedural instruction may build schemas learners adapt
in practice, termed "webbing" (Hoyles et al., 2013). Nevertheless, the evidence here supports the deficit
reading. Fewer than two vocational-linked questions per lesson, limited concrete materials, and moderate-to-
low engagement suggest the scaffolding that would make "webbing" plausible was absent. Moreover, 93.3% of
lessons opened with definitional content while only 6.7% embedded an authentic vocational task, the anti-
didacticalinversion Freudenthal (1991) criticized. In Ghana, geometryis underrepresented in exit examinations
(Folson & Awuah, 2025) and teacher preparation emphasizes content mastery over contextualized pedagogy
(Dalby & Noyes, 2016), so transmission-oriented instruction is a rational response rather than an individual
failing.

Facilitating and Hindering Factors: Structural Conditions, Not Individual
Failings

That enabling factors are exceptional while inhibiting factors are pervasive resonates with prior research.
Castles et al. (2018) identified facilitator vocational knowledge as the strongest predictor of contextualized
instruction, consistent with MF-02's industry experience, and Kent et al. (2007) described
"technomathematical literacies" that pre-service education in Ghana does not systematically develop. The
national examination system emerged as the deepest structural barrier. Anamuah-Mensah and Asabere-
Ameyaw (2011) and Jones (2006) documented how examinations determine instructional priorities and
privilege procedural computation. MF-02's statement, "if the exam asked them to apply geometry to a real
situation, | would teach that way. But the exam drives the teaching," reflects a rational response to misalighed
assessment, not individual conservatism.

Cross-disciplinary collaboration is more contested. VI-02's account of a mathematics facilitator's workshop
observations transforming her lesson design suggests collaboration is a powerful enabling condition,
consistent with Guile and Griffiths (2001) on "connective" relationships between disciplinary and vocational
knowledge. Bernstein (2000), however, notes that strong disciplinary boundaries serve regulative functions, so
collaboration needs assessment redesign. MF-03's collaboration with the carpentry instructor lapsed because
of timetabling, showing its fragility without institutional support.
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Unexpected Findings

Two results were unanticipated. First, only one of fifteen observed lessons achieved full vocational integration,
although facilitators endorsed it. Integration appears to require facilitators to absorb design and preparation
costs that the timetable and assessment structure (Section 5.2.3) do not accommodate; the single instance
(Observation 12) depended on industry background and an ad hoc schedulingwindow. Integration thus reflects
"individual exceptionalism" rather than institutional mechanisms, so professional development should
address structural conditions such as collaborative planning time and assessment alignment, not only
instructional strategies. Second, the near-total absence of digital representation (13.3%, limited to calculator
use) was unexpected given the Ghana Education Service's emphasis on digital literacy. Interviews point to
intermittent electricity and absent projection equipment rather than facilitator reluctance. As AD-01 noted:

"We have a policy on ICT in education, but the infrastructure isn't there. Most of our classrooms
don't have projectors or reliable power." - (AD-01)

This qualifies the interpretation in Section 6.1: some limitations are infrastructural rather than pedagogical.

Implications for Stakeholders

For facilitators, integration is constrained less by willingness than by time, vocational knowledge, and
assessment alighment, so professional development must address collaboration structures and assessment
design. For vocational instructors, VI-01 and VI-02 already hold applied geometric knowledge that facilitators
lack, so formalizing their role in lesson design and curriculum review is a low-cost step. As VI-02 argued:

"If we plan together, both of us can help the students see the connections. The math teacher
knows the theory; | know the practice." - (VI-02)

For administrators, AD-01's account of non-overlapping schedules is corroborated by facilitators and
instructors, so dedicated joint planning time or integration weeks could enable integration without additional
resources. For curriculum and assessment authorities, all four groups identified examination structure as the
deepest barrier (Table 13), so assessment redesign is a precondition for instructional reform, not a parallel
track. As AD-02 observed:

"We can train teachers, we can provide resources, but if the exam doesn't change, nothing will
change."- (AD-02)

For learners, perceived irrelevance appears to respond to how geometry is taught and assessed rather than
being a fixed attitude: engagement increased when L-02 experienced integration (the welding angle example).

LIMITATIONS AND FUTURE RESEARCH

This study has six main limitations. The interview sample was small and uneven, with limited administrator and
learner representation, so findings for those groups are indicative rather than saturated. The study covered
three purposively selected institutions in one national TVET system, limiting generalizability, and relied on
participant reports and researcher contextual knowledge rather than analysis of curriculum or examination
documents. The eight-week cross-sectional design could not capture examination-period effects. Researcher
positionality may have introduced coding bias, and observer effects may have led integration to be understated
rather than overstated. Future research should include longitudinal observation across a full academic term,
a larger sample with stronger administrator and learner representation across more trades and year groups,
and directanalysis of curriculum and examination documents to test the assessment-architecture explanation
in Section 6.2.
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CONCLUSION

This study documented how geometry is currently taught in pre-tertiary TVET institutions in Ghana and the
conditions shaping how abstract content connects to vocational application. Instruction remains
predominantly transmission-oriented, and vocationally integrated teaching is the exception. Enabling
conditions occur far less consistently than structural barriers, notably an examination system that rewards
procedural recall over applied spatial reasoning. Interpreted through Realistic Mathematics Education,
Experiential Learning Theory, and Social Constructivism, the findings show that current sequencing runs
counter to each theory’s principles: content is rarely reinvented from authentic vocational tasks, lessons
seldom move learners through a full experiential cycle, and scaffolding rarely goes beyond procedural
correction. These patterns reflect a curriculum, assessment architecture, and institutional environment not
designed to support integration, rather than failures of individual facilitators.

For curriculum developers and facilitator educators, strengthening geometry instruction cannot rely on
individual initiative alone. Efforts must address assessment design, resource provision, collaboration
structures, and professional development, which provide the empirical foundation for the framework
developed andvalidated in a companion study. Findings come from a purposive sample within a single national
TVET system and are analytically rather than statistically generalizable. However, the structural conditions
documented are widely reported in the regional literature, suggesting the patterns extend beyond the
institutions sampled. Future research could use longitudinal observation to capture seasonal variation around
examination periods.
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