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Abstract

Technical and Vocational Education and Training (TVET) in Kenya plays a vital role in equipping learners
with practical skills essential for economic development. However, competency-based practical
assessments in TVET institutions face challenges such as human bias, inconsistencies, and inefficiencies
due to manual evaluation methods. This study investigated the potential of Artificial Intelligence (Al)-based
image recognition to automate and enhance the accuracy, objectivity, and efficiency of CBET practical
assessments. A mixed-methods approach was employed, including a baseline survey of 50 students and 10
trainers to assess Al awareness and perceptions, followed by the development and testing of an Al-powered
image recognition system for evaluating AutoCAD practical tasks. Results indicate moderate Al awareness
but high willingness for Al training among participants. The Al model demonstrated improved consistency
and time efficiency compared to traditional instructor-led assessments. The findings demonstrate that Al-
driven assessment tools offer fast and consistent evaluations, enabling timely feedback delivery even in
large TVET classes. This scalability significantly reduces instructor workload while maintaining uniform
standards across assessments. By facilitating fast, reliable, and scalable competency evaluations, Al can
enhance skill development and employability in Kenya’s TVET sector, contributing to narrowing the digital
divide through broader adoption of advanced technologies in TVET.
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Introduction

Background of Study

Technical and Vocational Education and Training (TVET) plays a crucial role in Kenya’s economic
development by equipping learners with practical skills that are needed for the current labor market. Ao of
2023 Kenya had over 238 public TVET institutions accredited by the Technical and Vocational Education
and Training Authority (TVETA), with an enrollment of more than 500,000 trainees across various
disciplines such as engineering, ICT, business, and hospitality. The Kenya Vision 2030 blueprint identifies
TVET as a key driver in addressing youth unemployment by enhancing the development of a skilled
workforce.

Kenya embarked on a comprehensive education reform, leading to the introduction of the Competency-
Based Curriculum (CBC). The CBC aims to equip learners with practical skills, foster creativity, and
promote critical thinking to better prepare them for the dynamic demands of the 21st century. The
curriculum emphasizes the development of competencies over rote memorization, encouraging learners to
apply knowledge in real-life situations(Okeyo & Mokua, 2023). This shift represents a significant departure
from the previous system, focusing on nurturing individual talents and abilities.

CBET assessments in Kenya primarily focus on practical skill evaluation through direct observation,
portfolios, projects, and standardized practical exams. While these methods align with competency-based
learning, they face several limitations, including human bias, lack of standardized evaluation criteria,
scalability issues, and high resource demands. These challenges hinder the efficiency and reliability of
CBET assessments, making it difficult to ensure that graduates meet industry requirements(Simiyu et al.,
2023).

Artificial Intelligence (Al) is rapidly transforming industries worldwide, and Africa is no exception. Home
to the largest and fastest-growing workforce in the world, Africa is poised to play a crucial role in the global
Al ecosystem.(Cela et al., 2024) Al is increasingly being integrated into various sectors, including finance,
agriculture, and healthcare. However, its adoption in Technical and Vocational Education and Training
(TVET) institutions remains relatively low. Given TVET s critical role in equipping learners with industry-
relevant skills, understanding the level of Al adoption in these institutions is essential for bridging the digital
divide and fostering sustainable economic growth.

Image recognition is a computer vision technique that allows machines to interpret and categorize the
content of images and visual inputs. It involves the use of algorithms and machine learning models to detect
and identify objects, features, or patterns within an image. This technology is widely used in various
applications, such as facial recognition systems, autonomous vehicles, medical image analysis, and photo
tagging on social media platforms. Despite the widespread use of Al-powered image recognition in various
other fields, its application in practical assessments and examinations remains largely unexplored. (Tweissi
et al., 2022)

Problem Statement

Despite the critical role of Competency-Based Education and Training (CBET) in preparing learners for
industry-specific skills, assessing practical competencies remains a major challenge in Kenya’s TVET
institutions. Current approaches for CBET practical assessments often rely on physical instructor
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supervision, paper-based checklists, and oral evaluations, which are prone to human error, bias, and
inconsistencies(Henri et al., 2017). This is compounded by the rising student enrollment and limited
instructor-to-student ratio, as a result, practical assessments lack standardization, efficiency, and real-time
feedback, limiting their ability to accurately measure student competency and readiness for the job market.
Advancements in Artificial Intelligence (Al) and Image Recognition offer a promising solution to enhance
CBET practical assessments by providing automated, objective, and real-time evaluations of students’
practical tasks. However, the adoption of Al-driven assessment tools remains low in Kenya’s TVET sector.
This study explored how Al-based image recognition can be leveraged to automate, standardize, and
improve the efficiency of CBET practical assessments. By implementing Al-driven assessment systems,
institutions can enhance assessment accuracy, reduce instructor workload, and provide instant feedback to
learners, ultimately improving skill acquisition and employability outcomes

Objectives of the Study

Main Objective

The main objective of this study was to investigate the use of Al-based image recognition for automating
and enhancing the accuracy, efficiency, and standardization of CBET practical assessments in Kenya’s
TVET institutions.

Specific Objectives

= To analyze the existing CBET practical assessment methods in TVET institutions.

= To explore existing knowledge, perceptions, and readiness for Al integration in CBET practical
assessments.

= To develop and evaluate an Al-based image recognition system for verifying and assessing CBET
practical tasks.

= To assess the effectiveness of Al-driven image recognition in improving accuracy, objectivity, and
efficiency in CBET practical assessments.

Literature Review

Methods of Practical Assessments in CBET

Competency-Based Education and Training (CBET) emphasizes hands-on learning to ensure that learners
acquire practical skills relevant to industry needs. In Kenya’s Technical and Vocational Education and
Training (TVET) institutions, practical assessments are crucial for evaluating students’ competencies.
However, these assessments rely on traditional methods, which pose challenges in terms of objectivity,
efficiency, and scalability(Khan et al., 2022).

Instructor Observation and Manual Grading

Instructor-led observation is the primary method used for competency-based education and training (CBET)
assessments, where instructors directly evaluate students as they perform tasks, assigning grades based on
predefined rubrics(Macheso et al., 2024). While this method allows for hands-on evaluation, it is highly
prone to human bias, inconsistencies, and subjectivity, as different instructors may interpret performance
criteria differently, leading to potential disparities in grading(Jonsson, 2014). Moreover, the growing
number of students in TVET institutions has made individualized assessment increasingly difficult,
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particularly due to limited instructor-to-student ratios, which can compromise the depth and accuracy of
evaluations. The reliance on manual grading also makes the process time-consuming and labor-intensive,
increasing instructor workload and potentially delaying feedback to students. Additionally, fatigue and
cognitive overload among assessors may further impact grading consistency, raising concerns about
fairness and reliability in competency evaluations(Macheso et al., 2024). Addressing these limitations
necessitates the integration of automated assessment tools and Al-driven evaluation frameworks to enhance

objectivity, efficiency, and scalability in CBET assessments.

Checklists and Rubric-Based Evaluations
One of the most commonly used assessment methods is checklists and rubric-based evaluations, where
instructors use structured criteria to assess students' practical skills. This approach ensures standardization
and transparency, making it possible to evaluate different aspects of a given task systematically. However,
rubric-based assessments are often subject to human interpretation, leading to inconsistencies in
grading(Rahman et al., 2014). Instructors may assign different scores based on subjective evaluations,
creating disparities in assessment outcomes. Additionally, manually filling out rubrics for multiple students
is time-consuming, particularly in institutions with large class sizes. Additionally, they still rely on manual

grading, which is time-consuming and susceptible to errors and inconsistencies(Henri et al., 2017).

Practical Demonstrations and Oral Examinations
Another common approach in TVET institutions is practical demonstrations and oral examinations, where
students perform tasks in front of an examiner while responding to related questions. This method provides

an opportunity for real-time evaluation, allowing instructors to assess practical skills alongside theoretical
understanding. It ensures that students can apply their knowledge effectively and demonstrate problem-

solving abilities in real-world scenarios. However, this approach is labor-intensive, requiring significant
time and resources(Henri et al., 2017b). Individual assessment of students can be exhausting for instructors,
particularly when dealing with large student populations. Additionally, variations in instructor judgment

may lead to grading inconsistencies, raising concerns about fairness and standardization.

Al for Educational Assessment

The recent advancement in the realms of Artificial Intelligence has opened up frontiers for improvements
in the way technology can transform education. One of the key areas in education where Al in technology
can positively improve effectiveness is online assessments. From automated item generation to personalized

assessments, Al has the potential to revolutionize the way we teach, assess, and learn(Khan et al., 2023).

Al-based assessments have already been successfully implemented in various industries, demonstrating
their reliability and effectiveness in evaluating practical competencies. In the medical field, Al verifies

surgical procedures by analyzing movements and ensuring precision, helping medical trainees refine their
techniques(Campbell et al., 2024). Similarly, in the manufacturing sector, Al-powered image recognition

is used to inspect assembly processes for defects, ensuring quality control and reducing errors. In the

education sector, Al-driven proctoring tools monitor students during examinations to prevent cheating and
maintain academic integrity (Owan et al., 2023). These applications highlight the potential of Al to improve
assessment processes across different disciplines, further supporting its adoption in CBET practical

evaluations.
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In TVET Al-driven image recognition could be used to assess hands-on skills, such as welding, carpentry,
and engineering tasks, by analyzing images or videos of student performances against predefined
competency standards(Cela et al., 2024). The integration of Al in practical assessments could not only
enhance fairness and objectivity but also provide real-time feedback, helping learners improve their skills
more effectively. However, challenges such as data privacy concerns, algorithm biases, and infrastructure
limitations must be addressed to ensure successful adoption and implementation in educational
institutions(Khan et al., 2023).

Methodology

Introduction

This chapter presents the methodological approach adopted to investigate the development and application
of an Al-powered image recognition model for enhancing practical assessments in Technical and
Vocational Education and Training (TVET). The methodology covers the two key phases of the study: the
initial baseline survey to assess participants' knowledge, perceptions, and readiness for Al integration, and
the subsequent development, training, and testing of the Al model. It also outlines the mixed-methods
research design, data collection procedures, model evaluation criteria, and the quasi-experimental approach
used to compare Al-based assessments with instructor-led evaluations. Together, these components provide
a structured foundation for assessing the feasibility, accuracy, and practical relevance of Al in TVET
assessment environments.

Research Design

This study employed a mixed-methods research design, integrating both qualitative and quantitative
approaches to gain a comprehensive understanding of Al-based assessment in Competency-Based
Education and Training (CBET). The design was implemented across two phases. In the first phase, a
descriptive qualitative approach was used to gather insights from participants through a baseline
questionnaire. This phase aimed to explore existing knowledge, perceptions, and readiness for Al
integration in practical assessments, particularly within the context of image recognition technologies. The
qualitative data collected provided context-specific insights into the current gaps, challenges, and
expectations of end-users in TVET institutions.

The second phase adopted a quasi-experimental design to quantitatively evaluate the performance of an Al-
powered image recognition model developed for assessing AutoCAD practical tasks. The model was
trained and tested on a dataset of real-world assessment images, and its performance was compared against
traditional instructor-led evaluations. Key metrics such as accuracy, consistency and score were used to
measure the effectiveness of the Al system. The comparison helped determine the viability and reliability
of using Al in automated practical assessments.

By combining qualitative exploration with quantitative validation, this research design facilitated a holistic
examination of both the user context and technical performance, ensuring that the findings are both
actionable and grounded in real-world practice.
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Target Population

The target population for this study is the trainers and students of TVET institutions in Kenya.

Sampling Techniques and Sample Size

A purposive sampling technique was used to select the institution, trainers and students. The sample size
consisted of 10 TVET instructors and 50 diploma students at Nkabune Technical Training Institute, a public
TVET Institution located in Meru, Kenya.

Data Collection Methods

A structured questionnaire was used to collect data for the baseline survey. The questionnaire covered six
main thematic areas which include Al Awareness and Knowledge, Current Assessment Methods, Perceived
Effectiveness of Current Methods, Perceived Benefits of Al in Assessments, and Institutional Readiness

Data Analysis

Both qualitative and quantitative data analysis methods are employed. Statistical analysis was conducted
using SPSS and Python to examine the effectiveness of Al-based assessments. Descriptive statistics, such
as mean scores and standard deviations, are used to evaluate Al accuracy compared to instructor
evaluations.

Al Model Development

A supervised machine learning model based on image recognition was developed using Python and
OpenCV. The model was trained to recognize and evaluate specific features of AutoCAD drawings such
as dimensions, alignment, symmetry, and object completeness.

Evaluation Metrics

The comparative analysis of Al vs. manual assessment was based on accuracy: Comparison of mean scores
and correlation between manual and Al scores. Consistency: Standard deviations of scores and inter-rater
reliability using Cohen’s Kappa and correlation coefficients (R?). Time Efficiency: Average time taken by
each method for assessment.

Ethical Considerations

Informed consent was obtained from all participants. Student identities were anonymized in both manual
and Al assessments additionally Institutional approval was sought before conducting experiments involving
academic assessment.

Results Analysis and Discussions

The baseline study questionnaire was administered to 50 students and 10 trainers. The key areas analyzed
include Al awareness, current assessment methods, perceptions of Al-based assessments, perceived
benefits, institutional readiness, and training willingness. Below is a detailed analysis.

The Baseline Survey

The section presents the results and discussions of the baseline survey.
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Al Awareness and Knowledge Levels

We examined the level of Al awareness and knowledge among participants.

NO

YES

Figure 1: AI awareness among participants

The bar chart indicates that a significant proportion of participants are aware of Al, with about 72%
responding "Yes" and 28% responding "No". This suggests that while Al is known to many, a substantial
group remains unaware, highlighting the need for Al literacy programs.

Al Knowledge Levels Among Participants

Next, we examined how well participants understand Al concepts. The Al knowledge distribution shows
that most participants rate their knowledge as low or moderate, with very few considering themselves highly
knowledgeable. This suggests that training programs will be crucial before implementing Al-based
assessments.

6%
Modera i
19%

Figure 2: Al knowledge levels among participants
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Current Assessment Methods Used

We analyzed the methods currently employed in assessments. The analysis indicated that manual
observation is the most commonly used assessment method, followed by video recordings and peer
assessments. Al-based assessments are currently rare, reinforcing the need for exploring Al integration in
CBET institutions.

Video Recordings I
Peer Assesments I
Al Methods

Figure 3: Current assessment methods

Effectiveness of Current Assessment Methods

We examined how participants perceive the effectiveness of their current methods. The results show a
balanced distribution, with many respondents rating current methods as Neutral (26%) or effective (24%).
However, a significant portion finds them ineffective (33%), suggesting opportunities for improvement
through Al

30%
26%
25% 24% 24%
20%
% 17%
8
5 15%
o
5
= 10% %
) l
0%
Very Ineffective Neutral Effective  Very Effective

Ineffective

Figure 4: Perceived effectiveness of the current methods
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Perceived Benefits of Al in Assessment

70%
60%
50%
40%
30%

20%

10%

0%
Yes No Neutral

Figure 5: Perceived Benefits of Al in Assessment

We analyze whether participants believe Al could improve assessments. The majority of respondents
believe Al can improve assessments (68%), but a notable percentage (20%) are uncertain, indicating the
need for more awareness and training.

Willingness to Undergo Al Training

Finally, we examined whether participants are open to Al-related training. The results showed that 83% of
respondents are willing to undergo Al training, which is a positive indicator for Al adoption in assessments.

B Yes ENo

Figure 6: Willingness to undergo Al training

Development, Training and Testing of the Image Recognition Model

The second stage involved creation, training and testing of the Al machine learning Image recognition
model for assessing practical examination. 20 students and three trainers were involved in this stage.
Computer AIDED design and specifically AutoCAD subject was used for the experiment. The students
were given an examination to draw an AutoCAD drawing. The assessment was done using two methods in
the first method three trainers marked the task using manual observation/checklist method. The scores for
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each trainer were recorded and averaged. A CNN based Al model was developed and trained to recognize
key features in the AutoCAD drawings and predict assessment scores. After training, the model was tested
on unseen drawings. The Al model was used to do the assessment three times and the scores averaged.
Analysis was then done based on three main metrics, Accuracy of the assessment method, time taken to
perform the assessment, consistency of the manual assessment as compared to the consistency of the Al
model.

Descriptive Statistics

Table 1: Summary Table for All Grades

Trainer 1 Trainer 2 Trainer 3 All Al 2 Al 3
Mean 82.9 83.2 83.0 84.1 84.3 83.9
Median 83 83 83 84 84 84
Std Dev 34 3.6 3.5 2.2 2.1 2.3
Min 76 77 75 80 81 79
Max 90 91 89 88 89 88

Accuracy of the Assessment Method

The Al model showed slightly higher average scores compared to the human trainers, indicating a high
degree of agreement and reliability in its grading. The mean scores for the trainers ranged from 82.9 to 83.2,
while the Al scores ranged from 83.9 to 84.3. Similarly, the median scores for the trainers were all 83,
whereas the Al consistently gave a median score of 84 across all three runs. These results suggest that the
Al model was able to assess the practical tasks with an accuracy level comparable to human evaluators.
The small difference in mean and median scores reflects that the Al closely approximates human judgment
while maintaining a slight margin of generosity. The similarity in score distribution supports the validity of
Al as an accurate tool for assessing practical AutoCAD tasks.

Consistency of the Assessment Method

The Al model demonstrated superior consistency when compared to manual assessments by trainers. This
was most evident in the standard deviation values. For the human trainers, the standard deviation ranged
between 3.4 and 3.6, indicating variability in scoring among different assessors. In contrast, the Al
assessments had significantly lower standard deviations between 2.1 and 2.3, indicating less fluctuation in
scores. In terms of score range, trainers gave scores between 75 and 91, showing a wider spread, whereas
Al scores fell within a tighter band of 79 to 89. This narrower range of Al results further demonstrates the
model’s ability to apply assessment criteria uniformly across all students. The reduced variation and tighter
score range indicate that the Al model is less prone to subjective bias and is more consistent in its evaluation,
making it a reliable tool for repetitive and large-scale assessments.

Statistical Agreement Analysis

To evaluate the reliability and alignment between human trainers and the Al image recognition model.
Intraclass Correlation Coefficient (ICC) was used to measure inter-rater reliability by quantifying the degree
of agreement among different graders when scoring the same set of AutoCAD drawings. The ICC for the
three trainers was 0.65 (95% CI: 0.50-0.78), which falls under the category of moderate agreement. This
indicates that while trainers were fairly consistent, there were notable variations in how each interpreted
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and scored the student outputs. Such variability is expected due to human subjectivity, fatigue, or differing
levels of strictness.

The Al assessment had an ICC of 0.82 (95% CI: 0.72—0.90), indicating high agreement. This demonstrates
the Al model’s strong internal consistency, as its evaluation criteria are algorithmically defined and applied
uniformly across assessments, free from subjective influence.

Time Efficiency Analysis

The evaluation of time efficiency between manual and Al-based grading methods revealed a significant
advantage in favor of the Al model. The average time taken for manual grading by human trainers was
14.49 minutes per student, while the Al grading system completed the same assessment in just 0.87 minutes.
This substantial difference of 13.62 minutes saved per assessment translates to a time reduction of
approximately 94%.

With the Al system performing assessments in a fraction of the time, educators can significantly reduce the
hours spent on repetitive grading tasks. This is especially valuable when handling large student cohorts,
such as in technical institutions or national examinations, where time and consistency are critical.

Instructor Perception Scores

Instructors rate Al-based assessments positively (3-5) but show more variation compared to students. Some
instructors prefer manual grading methods as they allow for direct interaction and personalized feedback.
Concerns include initial setup challenges, Al reliability, and lack of transparency in grading. Instructors
hesitate to fully adopt Al, especially for evaluating subjective or complex skills.

Student Perception Scores/ Student Satisfaction

Most students rate Al-based assessments positively (4-5), showing a preference for quick and objective
grading. Traditional manual assessments receive mixed ratings (2-5), with some students appreciating
instructor feedback but others dissatisfied with perceived subjectivity.

The analysis clearly demonstrates that Al grading is far more time-efficient than manual grading, reducing
assessment time by around 94% per student. This efficiency gain holds transformative potential for
education systems seeking to scale up practical assessments while maintaining reliability. In doing so, Al
not only accelerates operations but also empowers human educators to deliver more value where it matters
most guiding and nurturing student growth.

Conclusion and Recommendations

Conclusion

This study explored the transformative potential of Al-based image recognition in enhancing the accuracy,
objectivity, and efficiency of CBET practical assessments in Kenya’s TVET institutions. By addressing
challenges such as human bias, grading inconsistencies, and limited scalability, the Al-powered system
demonstrated improved consistency and faster evaluation times compared to traditional methods. The
positive response from both students and trainers indicates a readiness for Al integration, particularly when
supported with relevant training and infrastructure.
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The findings underscore that Al can significantly reduce instructor workload while enabling timely,
standardized feedback in large classes. As Kenya’s TVET sector continues to grow, adopting Al-driven
tools for practical assessments can promote fairer evaluations, improve skill acquisition, and increase
employability among graduates. Broader adoption of such technologies can also help bridge the digital
divide, positioning TVET as a leader in educational innovation.

Recommendations
R1 Institutions offering CBET assessments should implement Al grading systems to manage large student
populations efficiently and reduce manual workload for trainers.
R2 Institutions and Assessment bodies should develop a unified grading rubric to align Al assessment with
curriculum objectives and human grading standards.
R3 For the successful implementation of Al in assessment, trainers must be equipped with the necessary

skills to understand and work alongside the Al system. TVET institutions should structure courses and
workshops to help build capacity among academic staff.

R4 While the Al system demonstrated high agreement with trainers, some discrepancies were noted further
development and fine-tuning of the model are necessary.

RS A hybrid approach that integrates Al and human assessment should be adopted, where Al performs the
initial evaluation and human assessors review the results. This will ensure fairness while maintaining
efficiency.

R6 Al assessment systems should be evaluated through long-term studies comparing them with traditional

methods to understand their impact on learning outcomes and guide future improvements.

R7 Seamless integration of Al tools into existing Learning Management Systems to provide seamless
grading, instant feedback, and streamlined academic processes.

R8 As institutions move toward greater reliance on Al in academic assessments, it is crucial to develop
policies and ethical frameworks governing its use. These policies should address issues such as
transparency, bias mitigation, data privacy, and the role of human oversight
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