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Abstract
Competency-Based Education and Training (CBET) reforms in Kenya aim to enhance skill relevance and employability; however, fragmented assessment practices and the absence of standardised tools undermine certification credibility and comparability. This study applied Design-Based Research (DBR) to design and validate a standardised CBET-aligned assessment tool for Carpentry and Joinery Level 4. Guided by Constructive Alignment Theory and the Tuning Educational Structures Approach, the research followed four iterative DBR phases: problem diagnosis, prototype design, stakeholder validation, and refinement. A mixed-methods approach was employed across five TVET institutions in Kisumu County (n = 62), using questionnaires, semi-structured interviews, document analysis, observations, and a Modified Delphi consultation. Findings revealed systemic gaps, including inconsistent grading, weak CBET alignment, inadequate feedback mechanisms, and minimal industry involvement. These insights informed the development of a validated tool featuring unit-specific rubrics, task checklists, assessor guidance notes, and industry validation sections. The study demonstrates DBR’s potential to bridge policy–practice gaps and offers a scalable model for improving reliability, fairness, and occupational authenticity in CBET assessment. Recommendations include national adoption of standardised tools, targeted assessor training, and institutionalised industry engagement to strengthen quality assurance and enhance graduate employability across Kenya’s TVET sector and beyond.

Keywords: Design-Based Research; CBET; TVET; assessment tool development; Kenya.








1.0 Introduction
Technical and Vocational Education and Training (TVET) is globally recognised as a driver of economic growth and workforce development. Countries with robust TVET systems, such as Germany and Switzerland, have successfully leveraged Competency-Based Education and Training (CBET) to produce graduates equipped with practical, industry-aligned skills (Wahungu et al., 2023). In Africa, reforms in Rwanda and South Africa demonstrate that standardised, industry-driven assessment frameworks can enhance graduate employability and institutional accountability (Eicker et al., 2017). Carpentry and joinery, a critical trade within the construction sector, particularly benefits from structured vocational training that ensures mastery of practical competencies (Oviawe & Anaele, 2020).
Kenya’s adoption of CBET was intended to align training outcomes with occupational standards and labour market needs (Jwan, 2022). The establishment of the TVET Curriculum Development, Assessment and Certification Council (TVET CDACC) provided national guidelines for competency-based assessment (CDACC, 2015). These reforms aimed to replace theory-heavy evaluations with performance-based assessments that reflect workplace realities. However, implementation remains uneven. Evidence from Kisumu County shows persistent reliance on improvised, instructor-developed tools, resulting in inconsistent grading, weak comparability of certification, and diminished employer confidence (TVETA, 2023). National data indicate that by 2021, only 58% of TVET institutions had adopted CBET-aligned assessment practices, with significant variation across counties (TVETA, 2021).
The absence of standardised assessment tools has emerged as a critical barrier to CBET fidelity. Instructors often interpret competency standards differently, leading to disparities in how identical skills are evaluated (Mudau, 2018). These inconsistencies undermine Constructive Alignment the principle that teaching, learning, and assessment should be coherently linked (Biggs & Tang, 2011) and contradict the harmonisation goals of the Tuning Educational Structures Approach (TESA), which advocates comparability and stakeholder consensus (González & Wagenaar, 2003). Furthermore, resource constraints and minimal industry involvement exacerbate inequities, making standardisation appear procedural rather than pedagogical (UNESCO, 2024).
The consequences of these gaps are evident in labour market outcomes. Employers report that nearly half of carpentry and joinery graduates require additional workplace training to meet expected standards (TVETA, 2023). Limited feedback and reassessment opportunities further compromise skill mastery, contradicting CBET’s learner-centred ethos (Ferreras & Wagenaar, 2023). Without harmonised tools and structured formative mechanisms, CBET risks becoming symbolic rather than transformative.
This study addresses these challenges by applying Design-Based Research (DBR) to design, validate, and refine a standardised CBET-aligned assessment tool for Carpentry and Joinery Level 4. DBR was selected for its iterative, context-sensitive approach, enabling theory-informed design and practical adaptation through stakeholder engagement (Anderson & Shattuck, 2012). Guided by Constructive Alignment Theory and TESA, the study operationalised four DBR phases: problem diagnosis, prototype design, stakeholder validation, and refinement. Mixed methods were employed to capture both breadth and depth of evidence, integrating quantitative surveys with qualitative interviews, observations, and document analysis across five TVET institutions in Kisumu County.
By embedding stakeholder feedback and contextual realities into the design process, this study contributes a validated, scalable assessment framework that strengthens reliability, fairness, and occupational authenticity in CBET implementation. It also demonstrates DBR’s potential to bridge policy–practice gaps in resource-constrained environments. The next sections present the literature underpinning this work, the methodological approach, and findings from the iterative design process.








2.0 Literature Review
2.1 Introduction
Standardisation in TVET assessment is widely recognised as essential for ensuring fairness, comparability, and quality assurance across institutions. However, global and regional evidence reveals tensions between uniformity and authenticity, policy intent and institutional capacity, and quality assurance and equity. This review synthesises theoretical foundations, global practices, and contextual challenges, identifying gaps that justify the present study’s Design-Based Research (DBR) approach.
2.2 Standardised Assessment in TVET
Shared rubrics, explicit performance descriptors, and moderation procedures are expected to improve inter-rater reliability and strengthen certification credibility (CDACC, 2020). Harmonised assessment practices also enhance transparency for learners and employers, reinforcing trust in CBET qualifications and supporting labour mobility (Wahungu et al., 2023).
However, critiques caution that standardisation alone does not guarantee quality. Mudau (2018) argues that performance-based assessments are inherently context-sensitive, with scores influenced by assessor interpretation and resource variability unless systematic calibration is in place. Wahungu et al. (2023) similarly note that without moderation, assessor subjectivity compromises reliability. UNESCO (2024) warns that rigid standardisation can exacerbate inequities unless accompanied by inclusive practices such as differentiated tasks and formative feedback mechanisms. Jwan (2022) and Okumu and Bbaale (2019) highlight persistent gaps in assessor training and ambiguous policy guidance, which often result in procedural compliance rather than pedagogical coherence.
2.3 Competency-Based Assessment: Principles and Critiques
Competency-Based Assessment (CBA) privileges observable performance aligned with occupational standards, emphasising practical demonstration over theoretical recall. Structured rubrics and task-specific checklists enhance transparency and comparability, particularly when co-developed with employers and integrated with formative feedback cycles (CDACC, 2020). Opportunities for reassessment are considered vital for supporting learner progression within CBET frameworks (TVETA, 2023).
Yet, CBA faces two major critiques. First, Biggs and Tang (2011) caution that fragmenting complex vocational practice into narrowly defined competencies risks neglecting higher-order skills such as problem-solving and professional judgment. Mudau (2018) echoes this concern, warning against reductionism that undermines holistic skill development. Second, reliability remains fragile in performance contexts. Assessor subjectivity and resource disparities compromise consistency unless robust moderation systems are institutionalised (Osumbah & Wekesa, 2023). Regional studies confirm that capacity constraints limited assessor training and inadequate infrastructure further weaken validity and fairness (Mutebi & Ferej, 2023).
2.4 Theoretical Anchors: Constructive Alignment and TESA
Constructive Alignment Theory (CAT) provides a pedagogical foundation for aligning intended learning outcomes, instructional strategies, and assessment tasks (Biggs, 1996). In vocational contexts, this implies authentic performance tasks such as accurate measurement, joint construction, and finishing rather than theory-heavy evaluations. However, rigid application of CAT can lead to formulaic compliance, where instructors focus on ticking boxes rather than fostering deeper learning (Biggs et al., 2022).
The Tuning Educational Structures Approach (TESA) complements CAT by promoting harmonisation and comparability across institutions through stakeholder-defined competencies and shared reference points (González & Wagenaar, 2003). Its emphasis on transparency and consensus aligns with the goals of standardisation in TVET assessment. Yet, harmonisation can flatten local diversity if applied without flexibility, creating tension between uniformity and contextual relevance (UNESCO, 2021).
2.5 Global Practices and Lessons
Countries with strong vocational systems offer instructive models. Germany’s dual system integrates school-based learning with workplace training, supported by nationally standardised assessments co-developed by industry and education authorities (Rüschoff, 2021). Switzerland employs performance-based assessments recognised nationally and updated regularly to reflect labour market needs (Renold et al., 2018). China’s reforms similarly anchor modular, competency-based qualifications in occupational standards and robust regulatory frameworks (Yuan & Wang, 2021).
These systems demonstrate that standardisation, when coupled with industry engagement and quality assurance, can improve graduate employability and institutional accountability. However, direct transplantation into Kenya’s decentralised TVET system is neither feasible nor desirable. Resource disparities, limited assessor training, and weak industry participation undermine rigid standardisation (Jwan, 2022). Global critiques also warn that highly standardised regimes risk narrowing learning experiences and reducing creativity (Sireci, 2020). Thus, while international best practices offer valuable principles structured rubrics, moderation, stakeholder collaboration they must be adapted through context-responsive design.
2.6 Regional and Kenyan Context
Despite CBET reforms and national guidelines, Kenyan institutions exhibit fragmented assessment practices. Instructors often rely on improvised tools, resulting in inconsistent grading and weak comparability (Mudau, 2018). Resource constraints and minimal industry involvement further compromise authenticity and external credibility (TVETA, 2023). Similar challenges persist in Uganda and Tanzania, where policy reforms outpace institutional readiness, and gaps in assessor training and infrastructure hinder implementation (Andreoni, 2018; Okumu & Bbaale, 2019). Rwanda’s experience echoes these patterns, with harmonisation efforts constrained by infrastructural disparities and limited moderation systems (Eicker et al., 2017).
Across these contexts, a common thread emerges: while national policies advocate standardisation, institutional-level implementation is undermined by capacity gaps, resource constraints, and weak industry engagement. Without targeted interventions assessor training, infrastructure investment, and institutionalised employer collaboration standardisation risks becoming symbolic rather than substantive (UNESCO, 2024).
2.7 Identified Gaps and Rationale for DBR
Existing literature extensively discusses CBET policy frameworks and theoretical underpinnings but offers limited guidance on developing trade-specific assessment tools. Few studies empirically validate context-responsive instruments co-designed with stakeholders and iteratively refined for local realities (Fowler & and Leonard, 2024; Mutebi & Ferej, 2023). This study addresses these gaps by employing DBR to design, pilot, and refine a standardised assessment tool for Carpentry and Joinery Level 4. By integrating CAT and TESA within iterative design cycles, the tool ensures pedagogical coherence, comparability, and stakeholder ownership while remaining feasible in resource-constrained environments (Vaezi et al., 2019).



















3. Methodology
3.1 Research Design
This study employed Design-Based Research (DBR) to design, validate, and refine a standardised CBET-aligned assessment tool for Carpentry and Joinery Level 4. DBR was selected for its iterative, context-sensitive approach, enabling theory-informed design and practical adaptation through stakeholder engagement (Anderson & Shattuck, 2012). Unlike traditional experimental designs, DBR integrates design, enactment, and evaluation in authentic settings, producing usable artefacts and theoretical insights (Vaezi et al., 2019).
The DBR cycle unfolded in four phases:
1. Problem Diagnosis – Identifying gaps in current assessment practices through mixed-methods inquiry.
2. Design and Development – Creating a prototype tool aligned with Constructive Alignment Theory (CAT) and the Tuning Educational Structures Approach (TESA).
3. Stakeholder Validation – Using a Modified Delphi to gather expert feedback on clarity, relevance, and feasibility.
4. Refinement – Incorporating feedback to enhance usability, reliability, and occupational authenticity.








Figure 1: Design-Based Research (DBR) Process for Tool Development
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3.2 Research Approach
A pragmatic mixed-methods approach supported triangulation and explanatory depth. Quantitative data from structured trainee questionnaires provided descriptive patterns, while qualitative interviews, observations, and document reviews explained contextual realities. The design followed a sequential explanatory strategy: quantitative collection and analysis first, then qualitative elaboration, and finally expert validation an approach recommended for studies seeking to explain statistical trends through stakeholder narratives (Creswell & Clark, 2017).
3.3 Sampling and Context
The study was conducted in five TVET institutions in Kisumu County, purposively selected to reflect diversity in programme size, resource profiles, and CBET maturity. Kisumu was chosen due to its strategic role in Kenya’s TVET ecosystem and documented challenges in standardising assessment practices (TVETA, 2023). A total of 62 participants were engaged: 50 trainees, 5 instructors, 5 administrators, and 2 industry experts. Purposive sampling ensured relevance to the design problem, consistent with DBR principles (Likisa, 2018).


3.4 Data Collection Methods
Data collection was aligned with DBR phases and employed complementary instruments:
· Structured Questionnaire (Trainees) – Captured perceptions of fairness, clarity, feedback adequacy, CBET alignment, and industry relevance.
· Semi-Structured Interviews (Instructors, Administrators, Industry Experts) – Explored implementation practices, moderation routines, tool usability, and employer participation.
· Document Analysis – Reviewed institutional assessment manuals, CBET guidelines, and curriculum outcomes to assess policy–practice alignment.
· Non-Participant Observations – Applied a structured checklist aligned with CBET criteria to practical sessions, validating self-reports and noting rubric use and feedback behaviour.
· Modified Delphi Consultation (Single Round) – Collected expert feedback via a structured instrument on the prototype’s clarity, relevance, feasibility, and occupational authenticity.
Table 1: Summary of instruments and participants
	Instrument
	Purpose
	Participants
	Phase

	Questionnaire
	Perceptions of assessment
	Trainees (n = 50)
	Phase 1

	Interviews
	Explore practices & challenges
	Instructors, Administrators, Industry (n = 12)
	Phase 1–3

	Document Analysis
	Policy–practice alignment
	Institutional documents
	Phase 1

	Observation
	Validate actual assessment practices
	Practical workshop sessions
	Phase 1

	Modified Delphi
	Validate prototype tool
	Experts (n = 12)
	Phase 3





3.5 Data Analysis
Quantitative data were analysed using descriptive statistics (mode and percentage distributions) appropriate for ordinal Likert-type scales, avoiding misleading inferences from means (Creswell & Clark, 2017). Qualitative data underwent inductive thematic coding (Kiger & Varpio, 2020), surfacing patterns related to standardisation gaps, reliability risks, feedback practices, and industry involvement. Document analysis cross-checked institutional policy language and tool artefacts against CBET standards, noting omissions and misalignments (Morgan, 2022). Triangulation integrated quantitative trends, qualitative themes, and documentary evidence to strengthen interpretive credibility and inform evidence-based refinements during DBR cycles (Fusch et al., 2018).
3.6 Trustworthiness and Ethical Considerations
Credibility was ensured through triangulation and member checking with instructors and administrators (Liao & Hitchcock, 2018). Dependability was supported by an audit trail documenting sampling choices, instrument iterations, coding decisions, and DBR refinements (Vaezi et al., 2019). Confirmability relied on systematic coding and anonymised verbatim quotations to ground interpretations in participant voices (Ahmed, 2024). Transferability was facilitated by thick descriptions of institutional contexts and resource conditions (Drisko, 2025).
Ethical approval was obtained from the Aga Khan University Ethics Review Committee, and a research permit was issued by NACOSTI. Additional permissions were secured from the Ministry of Education and local authorities. Participants provided informed consent and were assured confidentiality; data were anonymised and stored securely on password-protected devices in line with international research ethics standards (Biesta, 2021; Pietilä et al., 2019).
3.7 Limitations and Mitigation
Three limitations were anticipated. First, institutional heterogeneity (tools, workloads, assessor experience) complicates cross‑case comparability; triangulation and context‑rich reporting mitigate over‑generalisation (Fusch et al., 2018). Second, the single‑round Delphi reduces consensus stability; integration with earlier phase findings prioritised items with strong convergence (Humphrey-Murto & de Wit, 2019). Third, some validation activities occurred remotely; iterative feedback, document checks, and follow‑up interviews provided compensatory evidence (Hohmann et al., 2018).





















4 Results
Overview and Organisation
Results are presented by DBR phase to foreground how empirical evidence progressively informed the design, validation, and refinement of the standardised assessment tool for Carpentry and Joinery Level 4. Quantitative survey findings (reported as mode and percentage) are summarised first, then integrated with qualitative insights (interviews, observations, document analysis), and finally consolidated into design decisions and refinements. 
Phase 1 — Diagnosis of Assessment Challenges
Baseline analysis revealed systemic gaps in current practices across five TVET institutions:
1. Inconsistent grading and lack of standardised rubrics: While 88% of trainees agreed that assessments tested theory and practice, only 22% perceived grading as consistent and 14% reported uniform administration. Observations confirmed reliance on improvised tools and informal judgment.
2. Weak CBET alignment and limited formative cycles: Although 76% of trainees viewed tasks as authentic and 72% as industry-relevant, only 28% perceived explicit CBET alignment. Opportunities for reassessment were scarce (42% disagreed), contradicting CBET principles.
3. Minimal industry involvement: 82% of respondents indicated employers were not engaged in assessment processes, a gap echoed in interviews and document reviews.
4. Resource and feedback constraints: 58% of trainees reported inadequate tools and materials. Feedback was often generic and undocumented, limiting its formative value.
These findings established the design priorities for Phase 2: clarity, reliability, formative feedback and reassessment, industry validation, and resource sensitivity.
Phase 2 — Design and Development of the Prototype
Guided by Constructive Alignment Theory and TESA, the prototype was structured as a comprehensive assessment book comprising:
· Unit-specific rubrics for six core competencies (e.g., doors and frames, windows, furniture, roof structures).
· Discriminating performance descriptors with a 5-point rating scale and clear interpretation guidelines.
· Assessor guidance notes to reduce subjectivity and support novice assessors.
· Task checklists and observation records for consistent evidence capture.
· Feedback and reassessment sections to embed formative cycles.
· Industry validation pages for employer comments and sign-off.
· Portfolio and attachment evaluation to integrate institutional and workplace evidence.
· Resource guidance (minimum kit list and task variants) and plain-language instructions for equitable implementation.
These features operationalised CBET principles into a practical, standardised tool while addressing gaps identified in Phase 1.
Phase 3 — Stakeholder Validation
A Modified Delphi consultation (n = 7: five institutional staff, two industry experts) assessed the prototype’s clarity, relevance, and feasibility. Key findings:
1. Clarity and usability: All respondents rated the tool’s structure as clear or very clear, affirming its intuitive layout.
2. Occupational authenticity: Tasks were confirmed as reflective of real carpentry work (e.g., door framing, roof truss assembly).
3. Alignment with CBET standards: Stakeholders agreed that rubrics mapped accurately to Level 4 competencies.
4. Implementation concerns: Feedback highlighted resource limitations and assessor training needs. Suggested refinements included: 
· Adding numeric tolerances to descriptors.
· Including safety checks and PPE prompts.
· Providing structured feedback templates and reassessment guidance.
· Expanding industry validation sections with role descriptions and evidence upload options.
These insights informed Phase 4 refinements.
Phase 4 — Refinement
Revisions strengthened clarity, reliability, and authenticity:
· Rubric precision: Numeric tolerance bands and clearer decision rules were added; exemplar images anchored assessor judgment.
· Safety integration: PPE and tool-handling checks were embedded; unsafe practices flagged as automatic fails.
· Formative architecture: Feedback templates linked to rubric rows and structured reassessment protocols were introduced.
· Industry validation: Employer sign-off and work-sample evidence became mandatory.
· Resource sensitivity: Task variants (hand-tool vs machine) and minimum kit lists were included for equity.
· Usability supports: Technical language was simplified; quick-reference guides and assessor checklists were added.
These refinements produced a validated, context-sensitive tool that meets CBET standards and institutional realities.
Summary
Across DBR phases, evidence-to-design links were explicit:
· Diagnosis exposed inconsistencies, weak CBET alignment, and minimal industry engagement.
· Design embedded clarity, reliability, formative feedback, and external validation.
· Validation confirmed usability and authenticity while surfacing practical constraints.
· Refinement addressed these constraints, ensuring the tool’s feasibility and scalability.
The final product is a standardised CBET assessment tool that is clear, reliable, formative, industry-validated, and resource-sensitive, directly fulfilling the study’s aim.
Discussion
This study aimed to address systemic gaps in competency-based assessment for Carpentry and Joinery Level 4 by applying Design-Based Research (DBR) to develop a standardised tool aligned with Kenya’s CBET framework. Findings reveal that while existing assessments were perceived as authentic (76% agreement) and relevant to industry (72%), structural fidelity to CBET principles was weak. Only 28% of trainees perceived explicit CBET alignment, and 42% reported no opportunities for reassessment contradicting CBET’s formative ethos. These gaps underscore the disconnect between policy intent and institutional practice, a challenge widely documented in Sub-Saharan Africa (Biggs et al., 2022; Okumu & Bbaale, 2019).
Linking Findings to Theory and methodology
The absence of structured rubrics and formative mechanisms observed in Phase 1 violates Constructive Alignment Theory (CAT), which demands coherence between intended outcomes, instructional strategies, and assessment tasks (Biggs & Tang, 2011). Similarly, minimal industry involvement undermines the Tuning Educational Structures Approach (TESA), which advocates stakeholder consensus and comparability (González & Wagenaar, 2003). By embedding unit-specific rubrics, assessor guidance notes, and industry validation sections, the developed tool operationalises these frameworks, translating theoretical principles into practical instruments.
Advancing Global Discourse
The Kenyan experience mirrors UNESCO’s caution that rigid standardisation without flexibility can exacerbate inequities (UNESCO, 2024). Validation feedback highlighted resource variability and assessor capacity gaps issues that global best practices address through adaptive design and stakeholder engagement (Renold et al., 2018; Rüschoff, 2021). The refined tool responds by incorporating task variants, minimum kit lists, and simplified language, demonstrating that harmonisation and authenticity are not mutually exclusive when design is iterative and context-sensitive. This positions DBR as a viable methodology for CBET implementation in resource-constrained environments, extending its application beyond curriculum design to assessment innovation.
Implications for Policy and Practice
The study offers actionable insights for TVET stakeholders. First, national adoption of the tool can harmonise assessment practices and strengthen certification credibility. Second, assessor training on criterion-referenced evaluation and formative feedback is critical for effective implementation. Third, institutionalising moderation and industry participation will enhance reliability and occupational authenticity. These measures align with Kenya’s CBET reform agenda and global calls for quality assurance in vocational education.
Limitations and Future Research
While the tool was validated through a single Delphi round, broader consensus-building and piloting across diverse counties are necessary to confirm scalability. Future research should examine the tool’s long-term impact on learner outcomes and explore digital integration for efficiency and real-time moderation. Comparative studies across other trades could further test DBR’s adaptability and inform cross-sector harmonisation strategies.
Contribution
This study demonstrates DBR’s potential to bridge policy–practice gaps by iteratively integrating empirical evidence and stakeholder feedback into design decisions. It contributes to theory by operationalising CAT and TESA within a participatory, context-responsive framework and to practice by delivering a validated, scalable tool that addresses reliability, fairness, and authenticity in CBET assessment.
Conclusion
This study applied Design-Based Research (DBR) to design, validate, and refine a standardised competency-based assessment tool for Carpentry and Joinery Level 4 in Kenyan TVET institutions. Guided by Constructive Alignment Theory (CAT) and the Tuning Educational Structures Approach (TESA), the research addressed systemic gaps in current assessment practices, including inconsistent grading, weak CBET alignment, inadequate feedback mechanisms, and minimal industry involvement.
Through four iterative DBR phases diagnosis, design, validation, and refinement the study produced a validated tool that operationalises CBET principles into practical, context-sensitive instruments. Key features include unit-specific rubrics, discriminating performance descriptors, assessor guidance notes, structured feedback and reassessment pathways, and industry validation sections. These components collectively enhance reliability, fairness, and occupational authenticity while accommodating resource variability through task variants and minimum equipment guidelines.
The findings affirm DBR’s effectiveness in bridging policy–practice gaps by integrating empirical evidence and stakeholder feedback into iterative design cycles. The tool offers a scalable model for harmonising assessment practices across TVET institutions, strengthening certification credibility, and improving graduate employability. However, successful implementation requires complementary measures: targeted assessor training, institutional capacity building, and sustained industry engagement.
While validation was limited to a single Delphi round and a regional sample, the study provides a foundation for broader piloting and digital integration to support efficiency and scalability. Future research should examine the tool’s long-term impact on learner outcomes and explore comparative applications across other vocational trades.
In conclusion, this study demonstrates that harmonisation and authenticity are achievable when assessment design is participatory, iterative, and grounded in real-world constraints advancing Kenya’s CBET reform agenda and contributing to global discourse on competency-based assessment.
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