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Abstract

This study examines crash involvement, safety training exposure, and e-learning readi-
ness among commercial heavy goods vehicle (HGV) drivers in Ethiopia. Data were col-
lected through a cross-sectional survey of 202 male drivers operating along the Addis Ab-
aba—-Djibouti trade corridor, a high-risk freight route that carries approximately 95% of
Ethiopia’s international trade and serves as the country’s primary gateway to global mar-
kets. The survey assessed crash history, safety training experiences, perceived safety chal-
lenges, and barriers to and motivators for e-learning adoption. Results indicate persis-
tently high crash involvement despite widespread participation in conventional class-
room-based training, suggesting a gap between training provision and real-world safety
outcomes. Older and mid-career drivers exhibited higher crash involvement, highlighting
a gap between training provision and behavioral or operational safety outcomes, while
younger and more educated drivers showed greater readiness for technology-enhanced
training. Although most drivers valued safety training, many perceived existing pro-
grams as repetitive, insufficiently interactive, and poorly aligned with operational de-
mands. Key facilitators for e-learning adoption included flexible schedules, ease of use,
and motivational support, whereas limited digital skills and low perceived usefulness re-
mained barriers for some groups. The findings highlight the need for age-responsive, flex-
ible, and interactive e-learning approaches to complement traditional training and ad-
dress persistent safety risks, such as fatigue and unsafe driving behaviors. These ap-
proaches also support scalable, technology-enhanced interventions tailored to Ethiopia’s
high-risk freight corridors, while guiding future research directions.

Keywords: digital learning; driver training; road traffic crashes; HGV driver safety;
Ethiopia
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1. Introduction

Ethiopia’s economic growth depends heavily on a reliable road transportation net-
work. However, the country’s high road traffic fatality rate of 28.2 per 100,000 population
poses a serious threat to this essential infrastructure [1]. According to the 2024 annual
crash report of the Ethiopian Federal Police Commission, a total of 46,571 road crashes
were recorded, of which 6914 (14.85%) involved heavy goods vehicles (HGVs), underscor-
ing the disproportionate safety burden associated with freight transport. HGV-related
crashes primarily resulted in property damage, accounting for 5106 cases (73.85%); how-
ever, injury and fatal outcomes were also substantial. Minor injuries were reported in 457
cases (6.61%), severe injuries in 636 cases (9.20%), and fatal crashes accounted for 715 cases
(10.34%) [2]. These figures highlight the urgent need for comprehensive measures to im-
prove road safety, particularly for long-distance truck drivers operating on high-risk
freight routes. One such route is the Addis Ababa-Djibouti corridor (see Figure 1), Ethio-
pia’s most critical freight artery. This corridor carries approximately 95% of the country’s
international trade and is recognized as a high-risk zone for road crashes, underscoring
the need for effective, evidence-based safety interventions [1]. Because this corridor serves
as Ethiopia’s primary gateway to the sea and global markets via the Port of Djibouti, di-
rectly linking the landlocked interior to international supply chains, ensuring safety along
this route has far-reaching national and regional economic implications [3]. Recent re-
search by Tulu et al. [4,5] emphasizes the significant role of driver behavior in heavy ve-
hicle crashes in Addis Ababa. The 2020 study emphasizes the need for stricter driver train-
ing and certification, while the 2022 findings point to broader systemic shortcomings, in-
cluding the absence of a lead road safety agency, the need for strengthened legislation,
increased funding, and the development of a comprehensive crash database.
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Figure 1. Addis Ababa to Djibouti corridor (source Google map).

https://doi.org/10.3390/safety12010023



Safety 2025, 11, 23

3 of 32

The current Ethiopian licensing system for HGV operators stipulates a minimum ed-
ucational requirement of tenth grade and varying age limits depending on vehicle type.
Although periodic refresher training is not mandatory, drivers are required to renew their
licenses every four years, with more frequent renewals for those aged 55 and older. Med-
ical examinations are required both for initial licensing and for license renewal [6]. While
initial training requirements are in place, the absence of mandatory ongoing training may
contribute to a gradual decline in driver competency over time [7].

In Ethiopia, empirical evidence on HGV drivers’ perceptions of existing safety train-
ing and their readiness to engage with digital learning tools remains limited, particularly
along high-risk freight corridors of strategic economic importance. Improving HGV safety
on these routes is therefore not only a road safety priority but also a national development
and logistics security imperative. A theory-inspired reapproach with inclusion of frame-
works such as the Technology Acceptance Model, the Theory of Planned Behavior, and
Self-Determination Theory, provides a conceptual canvas for understanding drivers” mo-
tivation, social influences, and technology acceptance (see Section 2.3 for more details).
Accordingly, this study examines the effectiveness of current training programs, explores
drivers’ openness to technology-enhanced interventions, and identifies key crash-related
factors. The findings aim to inform evidence-based policy and guide the design of scala-
ble, context-sensitive safety training strategies for Ethiopia’s freight transport sector.

2. Literature Review
2.1. Road Safety of HGV Operators: Can Education and Training Help?

The effectiveness of professional driver education and training remains a subject of
debate. Although structured training programs for heavy goods vehicle (HGV) operators
have existed for decades [8], their impact on safety outcomes is not always clear. Early
studies in the United States sought to evaluate structured training methodologies such as
the Smith-Cummins-Sherman (SCS) method, which emphasized the development of sys-
tematic risk perception and response strategies. Payne and Barmack [9] found that drivers
trained under this method by a particular instructor had significantly fewer crashes than
those taught by other instructors. While some interpreted these findings as evidence that
the SCS method enhanced occupational safety, later analyses by the OECD and Saffron
[10,11] argued that the observed benefits were likely attributable to the instructor’s influ-
ence rather than the training method itself.

Defensive driving courses emerged as another prominent approach. Early studies in
the United States suggested that reductions in crash rates were primarily due to rigorous
employee selection rather than the training itself [12], with similar conclusions reported
in Australia [13]. Henderson [14] highlighted the scarcity of rigorous empirical evidence
supporting the effectiveness of HGV driver training, despite sustained enthusiasm from
policymakers, fleet managers, and safety professionals. Nevertheless, the importance of
training continues to be emphasized in both policy and research, even in the absence of
strong empirical validation [8,15,16].

More recent studies suggest that training can enhance specific competencies, alt-
hough innovative delivery approaches may be required to achieve lasting behavioral
change. Higher levels of education among drivers have been associated with reduced un-
safe behaviors, indicating that structured interventions can improve safety outcomes [17].
Similarly, eco-driving e-learning modules have been shown to enhance fuel efficiency and
safety behaviors, highlighting the potential of digital training to complement traditional
methods [18]. Overall, the mixed effectiveness of conventional HGV training highlights
the importance of instructional quality, learner engagement, and motivation, underscor-
ing the need for integrating technology and behavioral science in driver education.

https://doi.org/10.3390/safety12010023



Safety 2025, 11, 23

4 of 32

2.2. The Potential of E-Learning

E-learning broadly refers to the delivery of education through digital technologies
across various platforms and devices, including web-based modules, interactive videos,
and mobile applications [19,20]. It enables learners to access content remotely, progress at
their own pace, and interact with instructors and peers, thereby supporting individual-
ized and interactive learning experiences [21].

Innovative digital approaches address several shortcomings identified in the tradi-
tional training literature, including the need for structured instructional design, stronger
learner engagement, and flexible delivery formats [14,22]. Studies by Knipling et al. [16]
p. 50 and Schulte et al. [23] p. 47 demonstrate that digital platforms can enhance learning
through the use of modular content, quizzes, or interactive tasks. Lang et al., [24] pp. 44—
50. further emphasize that e-learning enables tailored instruction, interactive learning ex-
periences, and flexible pacing, features that are associated with improved engagement
and knowledge retention.

Systematic reviews have consistently shown that e-learning can be as effective as, or
in some contexts more effective than, traditional classroom instruction [25]. Reported ben-
efits include reduced training costs, standardized content delivery across locations, in-
creased accessibility, and enhanced trainee engagement using multimedia tools [8,26].
Moreover, interactive e-learning, including simulation-based programs, has been shown
to significantly improve both cognitive and behavioral outcomes by enhancing hazard
perception and decision-making among professional drivers [27,28].

E-learning has demonstrated the potential to improve drivers” knowledge, safety
awareness, and performance, including regulatory compliance and communication skills
[29,30]. However, existing research suggests that while knowledge gains are achievable,
achieving sustained behavioral change requires the integration of motivational strategies,
ongoing engagement support, and reinforcement mechanisms to ensure the long-term
adoption of safe driving practices [31,32].

2.3. Behavioral Models for Understanding E-Learning Adoption

Training effectiveness depends not only on instructional content delivered but also
on the psychological processes that govern drivers” willingness to learn, engage, and ap-
ply new behaviors. Several behavioral models help explain why learners adopt digital
training and how such training influences behavior. The Technology Acceptance Model
(TAM) emphasizes perceived ease of use and perceived usefulness as key predictors of
engagement with digital learning systems [33-36]. Studies from developing countries in-
dicate that when learners perceive e-learning systems as easy to navigate and relevant to
their tasks, their intention to use these systems increases substantially [37,38].

Recent empirical studies have reinforced the applicability of TAM, demonstrating
that perceived ease of use (PEOU) positively influences perceived usefulness (PU), which
in turn leads to more favorable attitudes toward e-learning and stronger behavioral inten-
tions to use it [34,39]. Additional findings show that perceived enjoyment enhances both
PEOU and PU, further promoting engagement with e-learning platforms [40].

The Theory of Planned Behavior (TPB) proposes attitudes, subjective norms, and per-
ceived behavioral control as key determinants of behavioral intentions related to training
participation [41]. Evidence from e-learning research indicates that learners’ beliefs about
social expectations and their own ability to complete online tasks indeed strongly influ-
ence adoption decisions [42,43]. Further expanding on this, TPB highlights that individu-
als” intentions are shaped by perceived social pressure and confidence in one’s ability to
perform a behavior, including digital learning [44]. E-learning studies further show that
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supportive norms and strong perceived behavioral control significantly enhance adop-
tion, suggesting that heavy vehicle drivers” willingness to engage in e-learning may de-
pend on exposure to positive workplace norms and confidence in digital competence [45].

Self-Determination Theory (SDT) complements these models by emphasizing intrin-
sic motivation, proposing that learners are more likely to engage with training when their
needs for autonomy, competence, and relatedness are met [46]. Integrating SDT with
TAM-based models [47] suggests that when e-learning environments support drivers” au-
tonomy and foster a sense of competence, intrinsic motivation and deeper learning are
more likely to occur, thereby enhancing the likelihood that safety principles are applied
in real-world driving. These insights reinforce arguments that lasting behavioral change
requires motivational design elements beyond the mere transmission of knowledge alone
[31,32].

Research also demonstrates that satisfying needs for autonomy, competence, and re-
latedness in digital environments enhances persistence and meaningful skill application
[48]. Integrative perspectives indicate that combining SDT and TAM can foster deeper
engagement and long-term retention of safety practices among professional drivers
[49,50]. In summary, behavioral models offer a robust theoretical foundation for designing
e-learning interventions that not only convey knowledge but also foster engagement, in-
trinsic motivation, and practical application, thereby addressing the limitations of tradi-
tional HGV training.

2.4. E-Learning in Low-And Middle-Income Countries (LMICs)

E-learning implementation in low- and middle-income countries (LMICs) faces
unique challenges that differ significantly from those in high-income settings. Contextual
adaptation remains a critical challenge, as most existing e-learning studies originate from
developed countries with well-established training infrastructures, whereas sub-Saharan
Africa faces distinct barriers, including limited technological access and different road
safety risk profiles. Gudugbe et al. [51] noted that road traffic injuries disproportionately
affect LMICs, yet interventions tailored to these contexts often lack rigorous evaluation.
This gap is particularly evident in Ethiopia, where structured e-learning interventions for
HGYV drivers remain scarce despite increasing safety concerns.

Motivational design represents another under-explored area. Jones et al. [52] found
that behavior change strategies such as goal setting and feedback are often underutilized,
despite their importance. Michelaraki et al. [53] showed that combining risk profiling with
personalized training can improve outcomes, suggesting that e-learning interventions
grounded in TAM, TPB, and SDT and tailored to driver risk profiles may enhance training
relevance and effectiveness.

Moreover, evidence from global road safety research indicates that drivers in LMICs
face substantially higher crash risks than their counterparts in high-income countries,
largely due to systemic factors such as limited enforcement, inadequate training systems,
and weaker institutional coordination [1,54,55]. These broader structural challenges rein-
force the need for e-learning platforms that are not only digitally accessible but also con-
textually adapted to the realities of LMIC transportation environments.

Given that annual crash involvement rates among HGV drivers in LMICs, such as
those observed along Ethiopia’s Addis Ababa-Djibouti corridor, exceed global averages
[1,55], e-learning solutions must address both behavioral and environmental risk factors.
Integrating established behavioral frameworks, including TAM, TPB, and SDT, into e-
learning design may help bridge the persistent gap between training provision and real-
world safety outcomes in these settings. E-learning in LMICs, therefore, requires careful
adaptation to local infrastructure, risk contexts, and learner needs, with particular atten-
tion to motivational design elements and the integration of behavioral theory.
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2.5. Onboard Monitoring and E-Learning

On-board safety monitoring (OSM) systems comprise in-vehicle technologies that
continuously record drivers’ performance, capturing metrics such as acceleration, brak-
ing, steering behavior, headway distance, and speeding. Research in fleet safety manage-
ment has demonstrated that integrating OSM technology with personalized driver feed-
back and coaching interventions can enhance the safety performance of HGV operators
[56,57]. Hickman and Hanowski [58] reported a 38.1% reduction in safety-critical incidents
and a 59.1% decline in severe events when OSM technology was combined with targeted
coaching interventions. Similarly, Mase et al. [59] found that coaching reduced driver er-
rors, while OSM lowered both errors and traffic violations.

Despite evidence that OSM combined with coaching holds promise, a notable limita-
tion is the burden placed on managers and coaches, including increased administrative
workload and the need for timely, individualized feedback. Camden et al. [60] examined
the potential of automatically assigned web-based instruction (WBI) to alleviate this bur-
den. Advances in OSM systems now enable the use of performance data to automatically
assign personalized training modules. Camden et al. [60] found that targeted WBIreduced
risky driving behaviors, but suggested that the key mechanism was not the instructional
content itself, but rather the implicit goal setting and heightened accountability created by
being assigned to a module. OSM systems provide valuable performance data for person-
alized digital training, reducing managerial burden and improving safety outcomes. Inte-
grating OSM with behaviorally and motivationally designed e-learning may therefore
maximize training effectiveness.

3. Research Gap and Study Objectives

Research conducted in Addis Ababa by Tulu et al. [5] highlights the need for im-
proved driver training as a critical strategy for reducing heavy vehicle crashes. Further-
more, concerns have been raised regarding the gradual deterioration of driver competence
under the current Ethiopian licensing system, which requires initial training but lacks
mandatory ongoing refresher requirements, thereby increasing the risk of skill degrada-
tion over time [7]. The European Union (EU) model provides useful insights in this regard.
Commercial HGV drivers in the EU must meet uniform requirements outlined in EU reg-
ulations [61] including the completion of regular training to obtain a Certificate of Profes-
sional Competence (CPC). This system ensures that drivers remain up to date with legis-
lation and reinforces safe driving practices. Notably, the EU framework demonstrates that
e-learning can be successfully integrated into professional driver training, offering a flex-
ible and accessible approach that could be adapted to the Ethiopian context. However, for
e-learning programs to be effective, it is essential to understand driver perceptions of e-
learning and the specific challenges associated with its adoption [62,63]. Such evidence is
currently lacking in Ethiopia. Moreover, research on African driver behavior often fo-
cused on problem identification rather than solution-oriented interventions [64].

This study addresses these gaps by examining the perspectives of Ethiopian HGV
drivers on road safety and safety-oriented measures. The specific objectives are as follows:

Objective 1 (01): To explore the extent to which HGV drivers operating on the Dji-
bouti corridor are interested in, and have been previously exposed to, safety training ini-
tiatives.

Objective 2 (02): To identify potential barriers to adopting e-learning and factors that
may motivate or persuade HGV drivers operating on the Djibouti corridor to utilize e-
learning for safety education.
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Objective 3 (O3): To identify the most important safety management problems within
the companies employing HGV drivers operating on the Djibouti corridor that these driv-
ers confront.

Objective 4 (O4): To identify the most prominent risk factors and typical driving chal-
lenges encountered by HGV drivers operating on the Djibouti corridor.

Collecting HGV driver viewpoints will inform the development of effective strategies
to enhance safety for long-distance truck drivers in Ethiopia. Policymakers can use the
study findings to develop evidence-based road safety regulations that support the inte-
gration of e-learning and targeted interventions. Training organizations can utilize these
insights to design e-learning courses that are engaging, relevant, and tailored to the oper-
ational needs of HGV drivers.

4. Conceptual Framework

The present study is primarily exploratory. However, its objectives are informed by
concepts drawn from three well-established theoretical models widely used in digital
learning and behavior-change research, namely the Technology Acceptance Model
(TAM), the Theory of Planned Behavior (TPB), and Self-Determination Theory (SDT).
These theories are not directly tested; rather, they provide an interpretive lens for under-
standing the barriers, motivators, and perceptions of safety training among Ethiopian
HGYV drivers. Together, TAM, TPB, and SDT offer a coherent conceptual foundation for
explaining how drivers perceive, accept, and are motivated to engage with safety-oriented
e-learning.

From a TAM perspective, two key constructs, perceived usefulness (PU) and per-
ceived ease of use (PEOU), influence drivers’ intention to adopt e-learning. Drivers who
believe that e-learning will improve their driving competence or help prevent crashes
(PU) and who perceive the technology as simple and accessible (PEOU), are more likely
to express positive attitudes toward its use. These constructs are directly related to 02,
which explores barriers to and motivators for e-learning adoption, and informs how fac-
tors such as education level and age might shape perceived usefulness and ease of use.
TAM also relates to O4, as identifying the most prominent risk factors and driving diffi-
culties faced by HGV drivers helps clarify which safety challenges are most salient to driv-
ers. Addressing these real-world risks within e-learning content is likely to enhance per-
ceived usefulness, thereby strengthening drivers’ acceptance of technology-enhanced
safety training.

The TPB framework expands this perspective by incorporating subjective norms (SN)
and perceived behavioral control (PBC). This theoretical framing is relevant to O1 and O2,
as it suggests that prior exposure to training, organizational expectations, peer influence,
and drivers’ sense of control or capability may shape attitudes toward participation in
safety education, whether delivered through traditional or digital formats. TPB therefore
supports a conceptual understanding of how drivers’ social and behavioral contexts may
influence their readiness to engage in e-learning.

Additionally, SDT emphasizes the importance of autonomy, competence, and relat-
edness in promoting motivation. This theoretical lens aligns with O2 and O3, offering
insight into how the satisfaction or frustration of basic psychological needs may influence
drivers’ engagement with safety initiatives and their perceptions of company safety prac-
tices. SDT helps position motivation as a central mechanism in understanding how drivers
interact with both conventional safety management systems and emerging digital learn-
ing tools. Collectively, these three models provide complementary perspectives that struc-
ture the interpretation of Ethiopian HGV drivers’ experiences, safety perceptions, and
readiness for digital learning.
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5. Materials and Methods
5.1. Designs and Ethics

This study employed a cross-sectional survey design using a paper-and-pencil ver-
sion of a structured, self-administered questionnaire. Formal ethical approval was ob-
tained from the Social-Societal Ethics Committee (SMEC) at Hasselt University, under ref-
erence code 2022-2023/57/IMOB-Habekirstos. All participants provided written informed
consent prior to participation, confirming their willingness to take part in the study. Par-
ticipants were informed that their privacy and rights would be protected and that partic-
ipation was voluntary, with the option to withdraw at any time. Recruitment was con-
ducted through relevant industry stakeholders, ensuring the inclusion of drivers via es-
tablished companies in accordance with ethical procedures.

5.2. Sampling and Recruitment

This study targeted long-haul HGV drivers operating along the Addis Ababa- Dji-
bouti corridor in Ethiopia. For recruitment, the principal researcher contacted the Ministry
of Transport and Logistics to obtain a list of registered transport companies. From this list,
twenty-five companies were selected using a random sampling technique, ensuring a di-
verse range of operational perspectives based on fleet size and service locations. An invi-
tation letter detailing the study and requesting participation was sent to each company.
Twelve companies agreed to participate, each delegating their fleet safety manager as a
representative. The fleet safety managers subsequently invited 15 and 25 drivers from
their respective companies to participate in the study. In total, 202 male HGV drivers com-
pleted the survey. The sample included drivers across a range of age groups, levels of
driving experience, and route classifications. Sample adequacy was determined using
Cochran’s formula (see below) [65,66]:

n = (Z%pq)/E? 1)

where 1 represents the required sample size, Z is the value corresponding to a 95% confi-
dence level (1.96), p and q represent the population proportions (both set at 0.5 for this
study), and E denotes the maximum allowable estimation error, fixed at 7%. Based on this
calculation, the minimum required sample size was 196 drivers. The achieved sample of
202 respondents slightly exceeds this threshold, providing adequate statistical power for
both descriptive and inferential analyses while allowing for potential missing responses.

5.3. Procedure for Data Collection

Fleet safety managers distributed the questionnaire, along with a cover letter explain-
ing the study objectives, to ensure that participants provided written informed consent
before completing the survey anonymously. Participants were encouraged to take their
time and ask any questions if necessary. Completing the questionnaire took an average of
15 to 20 min. Participation was entirely voluntary and anonymous. Data collection took
place between August 2022 and April 2023, spanning a nine-month period. The procedure
also ensured that variables relevant to the conceptual framework, such as perceived bar-
riers, motivators, and digital capability, were captured consistently and reliably across
respondents.

5.4. Questionnaire Design

The questionnaire was developed based on prior research on commercial vehicle
driver safety practices [15,16] and aligned with the study’s objectives. Guided by the three
conceptual frameworks discussed earlier, the questionnaire included items reflecting
TAM-related constructs (e.g., perceived usefulness, perceived ease of use through barriers
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and motivators), TPB-related concepts (e.g., perceived behavioral control via digital skills
and access constraints; subjective norms through company support), and SDT-related mo-
tivational elements (e.g., autonomy reflected in flexibility preferences, competence
through digital readiness, relatedness through attitudes toward organizational recogni-
tion). The questionnaire consisted of 26 questions in total. The Background Information
section (Questions 1-10) collected demographic data, including age, gender, driving ex-
perience, typical routes driven, and current licensing status. The Perceptions of Safety
Management section (Question 11) examined drivers’ views on the most important issues
or problems that need addressing in safety management procedures. The Previous Safety
Training Experiences section (Questions 12-19) examined drivers’ exposure to safety
training programs, including training formats, the perceived effectiveness of the content,
and the overall value. The Drivers’ Motivations and Preferences for Future Safety Training
section (Questions 20-21) assessed drivers’ reasons for wanting to participate in future
safety training and their preferred methods of delivery. The Reasons for Training Prefer-
ences section (Question 22) allowed respondents to elaborate on their answers to Question
21, providing deeper insight into their preferences. The Adoption Barriers for E-Learning
section (Question 23) used an open-ended question to explore potential difficulties drivers
might encounter when using e-learning platforms for safety education. Similarly, the E-
learning Implementation Motivators section (Question 24) employed an open-ended
question to identify factors that could encourage drivers to engage in e-learning initia-
tives. Finally, the Safety Risks and Challenges section (Questions 25-26) consisted of open-
ended questions that enabled drivers to identify the most significant risks and challenges
they face when driving.

Importantly, motivators and barriers were initially collected using open-ended ques-
tions to capture rich and nuanced responses. These responses were subsequently analyzed
and coded into thematic categories for both quantitative and qualitative analysis. The cod-
ing framework was informed by previous literature and expert consultation, ensuring that
the identified categories accurately reflected drivers’ perspectives. The questionnaire was
developed in Ambharic, the official language of Ethiopia, to maximize comprehension and
response accuracy. A complete version of the questionnaire is provided in Appendix A.

5.5. Data Analysis

Data were analyzed using IBM SPSS Statistics (version 28). Descriptive statistics were
computed to summarize sample characteristics and item-level responses. Frequencies and
percentages were reported for nominal variables, such as reported barriers and motiva-
tors, while medians and interquartile ranges (IQRs) were used for ordinal measures, in-
cluding compliance-challenge ratings assessed on a 1-7 scale.

Inferential analyses were conducted to examine associations and group differences
across demographic and behavioral variables. Chi-square tests of independence were
used to assess associations between nominal variables (e.g., training delivery preferences)
and demographic characteristics, including age, educational background, work experi-
ence, and crash involvement history. Where significant associations were identified,
standardized residuals were examined to determine their sources, and Cramer’s V was
reported as the effect size. Relationships between ordinal or continuous variables, such as
years of work experience and compliance-challenge ratings, were examined using Spear-
man’s rank-order correlation coefficients (o), with corresponding p-values and sample
sizes reported. Group differences in ordinal outcomes, including compliance-challenge
ratings across age groups or crash history categories, were analyzed using the Kruskal-
Wallis H test. When significant differences were detected, post hoc pairwise comparisons
with Bonferroni-adjusted p-values were performed, and n? effect sizes were reported.
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Binary logistic regression was employed to model a binary crash outcome (crash in-
volvement: yes/no), with predictors including training exposure, barriers, and motivators
included as appropriate. Odds ratios (ORs), 95% confidence intervals, and p-values were
reported for all predictors. Poisson regression was used to model the count of crashes in
the past 12 months, with overdispersion evaluated using Deviance/df and Pearson x%/df
statistics. If overdispersion had been present, a Negative Binomial model would have
been used. For ordinal crash severity outcomes (no crash, property damage, injury), ordi-
nal logistic regression was conducted, with the proportional odds assumption tested us-
ing the test of parallel lines. Across all analyses, assumptions were checked and reported
where relevant, and the alpha level was set at p < 0.05 for statistical significance.

6. Results
6.1. Demographics and Driving Experience

A total of 202 male HGV drivers who had driven on the AA-Djibouti Corridor par-
ticipated in the study. Table 1 presents a summary of participants’ demographic charac-
teristics and driving experience. The largest proportion of participants (46.5%) were aged
41- 50 years, followed by those aged 3140 years (25.2%) and 51-60 years (24.3%); only 4%
were aged 18-30 years. The modal age category was 41-50 years. In terms of educational
attainment, 51.4% of participants had completed Grade 10, 35.1% had completed Grade
12, and 13.4% held a diploma. Regarding driving experience, most drivers reported 11-20
years of experience (45%), followed by 1-10 years (32.7%) and 21-30 years (22.3%).

Table 1. Participant Demographics and Driving Experience Details.

Variable N %
Age Range
18-30 8 4.0
31-40 51 25.2
41-50 94 46.5
51-60 49 24.3
Education Level
10th Grade 104 51.4
12th Grade 71 35.1
Diploma 27 13.4
Driving Experience (Years)

1-10 66 32.7
11-20 91 45.0
21-30 45 22.3

Note. Percentages are based on the total sample (N = 202).

6.2. Crash Involvement

The survey results on crash experience over the past 12 months showed that 24.8%
of respondents (n = 50) reported at least one collision. Of these incidents, 86% resulted in
property damage only, while 14% involved minor injuries. Examination of the relation-
ship between crash involvement and driver characteristics, specifically work experience
and educational background, suggested higher crash involvement among mid-career
drivers, with no clear or consistent pattern across educational levels. Drivers with 11-20
years of experience accounted for the largest proportion of crashes (32.1%), followed by
those with 21-30 years of experience (17.7%) and 1-10 years of experience (16.7%). Edu-
cational background showed a less consistent pattern, with 29.6% of crashes reported by
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drivers with a 12th-grade education, 25.9% by those holding a diploma, and 21.2% by
those with a 10th-grade education.

Chi-square analyses were conducted to further examine associations between crash
involvement and driver characteristics. The analyses were performed in three stages: (1)
descriptive crash counts and chi-square tests of association, (2) a Poisson regression treat-
ing crash count as a numerical outcome, and (3) a binary logistic regression treating crash
involvement as a dichotomous variable (crash vs. no-crash). Each model is reported sep-
arately below, including the predictors entered, tested variable combinations, and rele-
vant goodness-of-fit statistics.

Results of the chi-square tests indicated that driving experience was significantly as-
sociated with crash involvement, x2(2, N =202) =7.73, p = 0.021, Cramer’s V = 0.196, indi-
cating that mid-career drivers (11-20 years of experience) were more likely to report
crashes. In contrast, no significant associations were found for education level, x2(2, N =
202) = 1.63, p = 0.443, Cramer’s V = 0.09, or prior safety training, x2(1, N =202) =0.29, p =
0.591, Cramer’s V =0.038 .

A Poisson regression analysis was then conducted to examine whether work experi-
ence predicted the number of crashes reported by heavy vehicle drivers in the past 12
months (Model 1). Crash count was specified as the dependent variable, with work expe-
rience entered as the sole predictor. No additional predictors were included to avoid over-
fitting, given the small number of crash events. Model diagnostics indicated acceptable fit,
with deviance and Pearson chi-square statistics suggesting no evidence of overdispersion
(Deviance/df = 1.18, Pearson x2/df = 0.89). Goodness-of-fit indices (AIC, BIC, CAIC) are
presented in Table 2.

Table 2. Predicting Crash Counts from Work Experience Using Poisson Regression (N = 202).

Goodness-of-Fit

Metric Deviance/df Pearson x¥df Log-Likelihood AIC AICC BIC CAIC
Value 1.184 0.893 -450.01 904.02 904.08 910.64 912.64
Predictor B SE Wald x2 p Exp(B) 95% CI for Exp(B)
Intercept 1.612 0.088 3324 <0.001 5.01 [4.22, 5.96]
Work Experience -0.021 0.044 0.22 0.639 0.979 [0.900, 1.067]

Note. B = regression coefficient; SE = standard error; Exp(B) = incidence rate ratio; CI = confidence

interval.

Next, a binary logistic regression was conducted to examine predictors of crash in-
volvement among heavy goods vehicle (HGV) drivers (Model 2). All available categorical
predictors, namely age, work experience, educational background, and participation in
prior safety training, were entered simultaneously. Interaction terms were not included
due to the limited number of crash cases and to maintain model stability. The full model
was statistically significant, x3(5) = 11.97, p = 0.035, indicating that the predictors collec-
tively distinguished between drivers who had and had not experienced crashes. However,
the model’s performance was weak, explaining only 5.8-8.5% of the variance (Cox and
Snell R? = 0.058; Nagelkerke R? = 0.085) and demonstrating very low sensitivity (4%), de-
spite relatively high overall classification accuracy (73.8%). These results indicate that alt-
hough the model was statistically significant overall, its ability to correctly identify crash-
involved drivers was poor; therefore, its predictive value is limited.

As shown in Table 3, age was the only statistically significant predictor, B =0.982, SE
=0.324, Wald = 9.21, p = 0.002. The odds of reporting a crash increased by a factor of 2.67
(95% CI [1.42, 5.04]) for each one-unit increase in age. Work experience (p = 0.083) and
having a 12th-grade education (p = 0.058) showed marginal effects, suggesting fewer
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crashes with greater experience and higher education attainment, although these associa-
tions did not reach conventional levels of statistical significance. Participation in prior
safety training was not significantly associated with crash involvement (p = 0.162). Given
the low proportion of explained variance and poor sensitivity, the observed age effect
should be interpreted with caution. Moreover, several important potential confounders
were not measured (e.g., annual mileage, exposure hours, night driving frequency, fa-
tigue, and fleet safety culture), which limits the causal interpretation of the findings.

Table 3. Logistic Regression Predicting Crash Involvement (N = 202).

Predictor B SE Wald p OR (Exp(B)) 95% CI for OR
Age 0.982 0.324 9.21 0.002 2.67 1.42-5.04
Work Experience -0.600 0.346 3.02 0.083 0.55 0.28-1.08
12th Grade vs. 10th Grade -0.787 0.415 3.60 0.058 0.46 0.20-1.03
Diploma vs. 10th Grade -0.283 0.527 0.29 0.591 0.75 0.27-2.12
Safety Training (Yes vs. No) 0.578 0.413 1.96 0.162 1.78 0.79-4.01

6.3. Driver Safety Training

Responses to the section on ongoing driver safety training indicated that all respond-
ents considered safety training to be essential. Notably, 119 individuals reported having
attended more than one safety training session during their careers, accounting for 64.9%
of those who had received any form of safety training. However, 35.1% of participants
reported that they had either never received any safety training or had not participated in
such training for a long period. This disparity highlights the unequal access to safety train-
ing opportunities among the surveyed drivers. All participants who reported having re-
ceived safety training indicated that the training was delivered in a classroom setting.

Further investigation revealed that 26 participants attended training programs of-
fered by other organizations, primarily governmental institutions, while 105 participants
received training at the request of their respective enterprises. These results underscore
the predominant use of classroom-based instruction and highlight the important roles that
both employers and governmental organizations play in supporting driver safety educa-
tion. Regarding satisfaction with safety training, 67.2% of respondents reported that their
most recent training session was at least somewhat interesting. An additional 25.2% stated
that they enjoyed the training, and 6.9% found it engaging, while only 0.8% reported that
the training was uninteresting.

Drivers’ perspectives on the training indicated that most participants did not find the
course long or boring and generally considered the content satisfactory. The motivational
approach received a slightly higher mean score (M = 2.07), suggesting some participants
found the instructional methods less engaging. Mean scores ranged from 1.92 to 2.07 on a
five-point Likert scale (1 = strongly disagree, 5 = strongly agree), with standard deviations
of 0.97-1.05, indicating moderate variability in perceptions. Despite this, 81.2% of partici-
pants reported finding the training at least somewhat interesting, reflecting an overall
positive evaluation.

As illustrated in Figure 2, all participants expressed a strong willingness to attend
additional safety training sessions in the future. This motivation was driven by three key
factors, namely the need to improve their driving skills, the desire to learn new things,
and the belief that safety training is essential for daily job performance. Additional moti-
vating factors included encouragement from employers, the availability of adequate train-
ing time, and positive experiences with previous safety instruction. Participants’ re-
sponses, measured on a Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly
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Agree), yielded mean values that support these findings, reflecting a broadly positive at-
titude toward continued safety training and highlighting the potential for increased en-
gagement in future educational initiatives.
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Figure 2. Possible motivation rating.

6.4. Driver Perceptions of Safety Issues

Figure 3 presents the safety concerns of HGV drivers. The two most prominent safety
issues were speeding and driver fatigue, reflecting the difficulty of maintaining alertness
during long-haul trips. In addition, a lack of training resources was identified as a signif-
icant concern. Interestingly, respondents also perceived their safety to be influenced by
personal well-being factors, such as health and nutrition issues, as well as personal con-
cerns related to family and financial matters. Incidents related to cargo handling and de-
lays during loading and unloading were ranked as less problematic than other safety is-
sues.
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Figure 3. Mean important rating for seven safety problems. Note. Ratings used a 5-point scale,
where 1= Not Important and 5 = Extremely Important.
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To examine whether perceptions of safety issues differed according to crash involve-
ment in the past 12 months, Mann-Whitney U tests were conducted. No significant dif-
ferences were observed for any of the seven safety issues, including at-risk driving behav-
iors (U =3470.50, p =0.217), driver fatigue (U =3536.50, p = 0.380), and non-driving injuries
(U =3188.00, p = 0.079). These findings suggest that recent crash history did not substan-
tially influence drivers’ perception of safety concerns (see Table 4).

Table 4. Mann—Whitney U Tests for Safety Problem Ratings by Crash Involvement.

Safety Problem U Z P Mean Rank (Yes) Mean Rank (No)
At-risk driving behaviors 3470.5 -1.24 0.217 108.09 99.33
Driver fatigue 3536.5 -0.88 0.380 106.77 99.77
Driver health/wellness 3657.5 -0.41 0.680 104.35 100.56
Personal/family/financial issues ~ 3551.0 -0.72 0.474 106.48 99.86
Cargo loading/unloading delays  3296.0 -1.44 0.149 111.58 98.18
Non-driving injuries 3188.0 -1.75 0.079 113.74 97.47
Lack of training materials 3380.5 -1.25 0.213 109.89 98.74

Kruskal-Wallis H tests were performed to assess whether drivers’ perceptions of
safety issues varied by educational background (10th grade, 12th grade, diploma). Signif-
icant differences were identified for several safety issues. Ratings of at-risk driving behav-
iors differed across education levels, H (2) = 14.53, p < 0.001, with drivers holding a 12th-
grade education rating these behaviors as more critical than those with a diploma. Driver
fatigue ratings also varied significantly across groups, H(2) = 9.15, p = 0.010, following a
similar pattern. Delays associated with cargo loading and unloading differed significantly,
H(2) =6.43, p=0.040, with diploma holders assigning greater importance to this issue than
the other educational groups. Non-driving injuries, such as slips and falls, also showed
significant differences, H(2) = 13.19, p = 0.001, with diploma holders ranking these prob-
lems as more critical than drivers with a 10th or 12th-grade education. No significant dif-
ferences were observed for drivers” health and wellness, personal, family, or financial con-
cerns, or lack of training materials (see Table 5). Overall, these findings suggest that edu-
cational background affects drivers” awareness and prioritization of specific safety risks,
highlighting the importance of considering educational level when designing targeted
safety training interventions.

Table 5. Kruskal-Wallis Tests for Safety Problem Ratings by Educational Background.

Mean Rank Mean Rank

Safety Problem H df p (10th) (12th) Mean Rank (Diploma)
At-risk driving behaviors 14.53 2 <0.001 99.94 113.39 76.26
Driver fatigue 9.15 2 0.010 98.10 113.80 82.26
Driver health/wellness 2.32 2 0.313 95.63 107.73 107.72
Personal/family/financial issues 1.46 2 0.482 101.10 106.17 90.76
Cargo delays 6.43 2 0.040 92.74 106.68 121.65
Non-driving injuries 13.19 2 0.001 87.54 114.44 121.24
Lack of training materials 3.80 2 0.150 106.61 100.85 83.54

6.5. Compliance Challenges

Although the Compliance, Safety, and Accountability (CSA) program was developed
by the U.S. Federal Motor Carrier Safety Administration (FMCSA) to monitor commercial
motor carriers through standardized safety indicators [67], its seven Behavior Analysis
and Safety Improvement Categories (BASICs) provide a structured framework for as-
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sessing key risk areas in freight transport systems more broadly. Applying the CSA frame-
work in the Ethiopian context enables for a systematic evaluation of driver fatigue, unsafe
driving behaviors, vehicle maintenance, driver fitness, substance use, and other safety-
related factors, thereby identifying priority areas for intervention along rapidly expand-
ing freight corridors such as the Addis Ababa-Djibouti route. The results indicated that
driver fatigue was the most critical challenge, followed by unsafe driving behaviors and
vehicle maintenance. Driver fitness and health ranked fourth, while substance use, partic-
ularly Khat consumption, was identified as a crucial concern and ranked fifth among com-
pliance challenges. As shown in Figure 4, drivers prioritized other safety challenges over
cargo security. Mean Likert-scale ratings (1-7, with 7 indicating the greatest difficulty)
reflected these relative challenges, with drivers evaluating seven compliance-related
safety domains based on the FMCSA CSA framework.

CargoSecurment [ 1.78
crash History [N .37
Fatigued Driving . .67
Driver Fitness [ 461
Alcohol, Drugs(khat) [N 301
Vehicle Maintenance [l 533
Unsafe Driving [, 5.52

mean compliance challenge rating1—7 likert scale

Behavior Analysis and Safety
Improvement Categories Compliance
Challenges

B mean

Figure 4. Mean compliance challenge ratings across the seven Behavior Analysis and Safety Im-

provement Categories (BASICs).

Mann-Whitney U tests were conducted to compare the mean ranks of these safety
challenges between drivers who reported a crash in the past 12 months and those who did
not (see Table 6). Unsafe driving behaviors were significantly higher among drivers who
did not report a crash (U = 2866.5, Z = -2.684, p = 0.007). No significant differences were
observed between groups for vehicle maintenance, alcohol and drug use, driver fitness,
fatigued driving, crash history, or cargo securement (all p > 0.05).

Table 6. Mann-Whitney U Test for Compliance Challenges by Crash Involvement.

Safety Challenge U Y4 p

Unsafe Driving 2866.5 -2.684 0.007 *
Vehicle Maintenance 3199.0 -1.774 0.076

Alcohol/Drugs 3485.5 -0.917 0.359
Driver Fitness 3262.5 -1.539 0.124

Fatigued Driving 3464.0 -0.972 0.331
Crash History 3632.5 -0.491 0.623

Cargo Securement 3618.5 -0.564 0.573

Note. * p < 0.05 = statistically significant at the 5% level. Grouping variable: Crash involvement in
the past 12 months (Yes/No).
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Kruskal-Wallis tests were subsequently performed to examine differences in compli-
ance challenge ratings across educational levels (10th grade, 12th grade, Diploma; Table
7). Significant differences were found for unsafe driving (H=9.50, df =2, p =0.009), vehicle
maintenance (H = 6.97, df = 2, p = 0.031), driver fitness (H =7.08, df = 2, p = 0.029), and
fatigued driving (H=6.15, df =2, p = 0.046). In contrast, alcohol and drug use, crash history,
and cargo securement did not differ significantly by educational background (p > 0.05).

Table 7. Kruskal-Wallis Test for Compliance Challenges by Educational Background.

Safety Challenge H df p
Unsafe Driving 9.50 2 0.009 *
Vehicle Maintenance 6.97 2 0.031 *
Alcohol/Drugs 2.38 2 0.304
Driver Fitness 7.08 2 0.029 *
Fatigued Driving 6.15 2 0.046 *
Crash History 4.45 2 0.108
Cargo Securement 3.42 2 0.181

Note. * p < 0.05 = statistically significant at the 5% level. Educational Background: 10th grade, 12th
grade, Diploma.

Spearman’s rho correlation analyses were conducted to examine associations be-
tween heavy vehicle driving experience and behavioral safety domains, including unsafe
driving, vehicle maintenance, alcohol and drug use, driver fitness, fatigued driving, crash
history, and cargo securement. Work experience was significantly and negatively corre-
lated with unsafe driving behaviors (o = -0.378, p < 0.001), indicating that more experi-
enced drivers reported fewer unsafe practices. Conversely, work experience was posi-
tively associated with driver fitness (o = 0.301, p < 0.001) and cargo securement practices
(0=0.146, p = 0.038), suggesting that more experienced drivers rated themselves higher in
these safety-related behaviors. Weak and non-significant correlations were observed be-
tween work experience and vehicle maintenance (o = -0.123, p = 0.081), alcohol and drug
use (o = -0.123, p = 0.081), fatigued driving (o0 = 0.110, p = 0.118), and crash history (o =
0.069, p = 0.331).

Further examination of interrelationships among the behavioral safety categories re-
vealed several significant associations. Unsafe driving behaviors were strongly negatively
correlated with driver fitness (o =-0.493, p < 0.001) and moderately positively correlated
with alcohol and drug use (0 =0.225, p =0.001). Fatigued driving was positively associated
with alcohol and drug use (o = 0.356, p < 0.001) and negatively associated with driver fit-
ness (0 =-0.339, p <0.001) and crash history (o0 =—0.382, p <0.001). Cargo securement was
negatively correlated with crash history (o =-0.259, p <0.001), indicating that better cargo
securing practices were associated with fewer reported crashes (see Table 8).

Table 8. Spearman’s Rho Correlation Matrix for Work Experience and Behavioral Safety Categories.

Variable 1 2 3 4 5 6 7 8
1. Work Experience 1 -0.378 ** -0.123 -0.123 0.301 ** 0.11 0.069 0.146 *
2. Unsafe Driving -0.378 ** 1 -0.022 0.225 ** -0.493 ** -0.156 * -0.102 -0.061
3. Vehicle Maintenance -0.123 -0.022 1 -0.086 -0.277 ** -0.281 ** 0.091 0.075
4. Alcohol and Drugs -0.123 0.225 ** -0.086 1 -0.455 ** 0.356 ** -0.413 ** -0.091
5. Driver Fitness 0.301 ** -0.493 ** -0.277 ** -0.455 ** 1 -0.339 ** 0.183 ** -0.075
6. Fatigued Driving 0.11 -0.156 * -0.281 ** 0.356 ** -0.339 ** 1 -0.382 ** -0.017
7. Crash History 0.069 -0.102 0.091 -0.413 ** 0.183 ** -0.382 ** 1 -0.259 **
8. Cargo Securement 0.146 * -0.061 0.075 -0.091 -0.075 -0.017 -0.259 ** 1

Note. N =202. p < 0.05 = statistically significant at the 5% level (*); p < 0.01 = statistically significant
at the 1% level (**).
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6.6. Training Delivery Preferences

The results regarding preferred training delivery methods are shown in Table 9.
Classroom-based education was the most popular option (38.6%), primarily due to its per-
ceived comfort, effectiveness in knowledge transfer, and facilitation of peer interaction. A
hybrid learning approach was selected by 21.3% of drivers, reflecting its availability across
multiple platforms, adaptability to different learning styles, and use of technology to over-
come time constraints. E-learning appealed to 16.8% of participants, particularly those
seeking learning opportunities that were independent of location or time. In addition,
14.9% of drivers favored a combination of online and mobile application-based training,
citing its adaptability, user friendliness, and cross-platform compatibility.

Table 9. Choice of type of delivery and the reason behind it.

Kind of Delivery Comfort/Suita- Transfer of ItIs Good to Use IDon’t ItIs Good to

Reasons for Choosing the Delivery Method

Suitable for You ble Knowledge b/n  All Platforms So It Have Learn with Mod- Total
Peers and Trainees Can Be Accessible Time ern Technologies
Classroom-based 52 26 - - - 78
e-learning 1 - 4 28 1 34
Mobile application - - 1 17 - 17
Mobile Apphc.atlons i ) 2 29 ) 30
and e-learning
All the above methods
(classrom.n, 1ntemet, 1 ) i 3 - 43
and mobile applica-
tion)
Total 54 26 37 77 8 202

Following the descriptive percentage analysis, chi-square tests were conducted to ex-
amine whether preferences for training delivery methods differed significantly by age,
work experience, and educational background. The analysis revealed a statistically signif-
icant association between age and preferred training delivery method, x?(12, N = 202) =
50.45, p < 0.001, with a moderate effect size (Cramer’s V = 0.289). Younger drivers (18-30
years) showed a marked preference for blended training approaches (e.g., classroom, in-
ternet-based, and mobile application-based learning), whereas older drivers (51-60 years)
predominantly favored traditional classroom-based methods. Similarly, a significant re-
lationship was observed between work experience and training delivery preferences, x(8,
N =202) = 39.16, p < 0.001, with a moderate effect size (Cramer’s V = 0.311). Less experi-
enced drivers (1-10 years) tended to prefer mixed training delivery methods, while more
experienced drivers (21-30 years) demonstrated a stronger preference for classroom-
based learning. Educational background was also significantly associated with training
delivery preferences, x%(8, N = 202) = 28.70, p < 0.001, with a small-to-moderate effect size
(Cramer’s V =0.267). Participants with a 10th-grade education preferred blended learning
methods, whereas diploma holders favored classroom-based instruction (see Table 10).
Overall, these findings indicate that demographic characteristics meaningfully influence
drivers’ preferences for training delivery methods.
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Table 10. Chi-Square Tests of Training Delivery Preferences by Demographic Characteristics.

Variable X2 df p Cramer’s V Interpretation

Age x Training Delivery 50.45 12 <0.001 0.289 Moderate effect

Work Experience x Training 39.16 8 <0.001 0.311 Moderate effect
Education x Training 28.70 8 <0.001 0.267 Small-Moderate effect

Note. x2 = Chi-square statistic; df = degrees of freedom; p = significance level.

6.7. Motivating Factors for E-Learning-Safety Training

Among the reported motivators of e-learning, advocacy and awareness initiatives
were cited most frequently (n =118, 58.4%), followed by incentives for trainees upon com-
pletion (n =27, 13.4%), and user-friendly training mechanisms (n = 24, 11.9%). Access to
technology (n =18, 8.9%) and monitoring or tracking systems (n =15, 7.4%) were reported
less commonly.

Chi-square analyses were conducted to examine the associations between reported
motivators and demographic variables. No significant associations were found between
motivators and age, x2(12, N =202) = 15.25, p = 0.228, or work experience, x*(8, N =202) =
14.68, p = 0.066, indicating that motivators were broadly consistent across different age
groups and levels of experience. Regarding educational background, the overall Chi-
square test was marginally non-significant, x3(8, N = 202) = 15.43, p = 0.051. However, the
Linear-by-Linear Association was significant, x3(1) = 10.81, p = 0.001, suggesting a linear
trend across education levels. Drivers with a 10th-grade education were more likely to
report “introducing user-friendly training mechanisms” as a motivator, whereas other
motivators were more evenly distributed across education levels. Detailed counts by ed-
ucation are presented in Table 11.

Table 11. Distribution of Potential Motivators by Educational Background.

Motivator 10th Grade 12th Grade Diploma Total
Introducing user-friendly training mechanisms 19 3 2 24
Awareness and advocacy 63 42 13 118
Monitoring and controlling system 6 7 2 15
Incentive for trainees upon completion 11 10 6 27
Provision of necessary technologies 5 9 4 18
Total 104 71 27 202

Note. Percentages within educational levels can be derived from the table counts.

6.8. Barriers to Effective Engagement with E-Learning Safety Training Programs

Several significant obstacles hindering HGV drivers’ successful engagement in e-
learning-based safety education were identified in this study. According to 23.8% of re-
spondents, a lack of interest or attention was the primary barrier to participation. Limited
smartphone availability was reported by 23.3% of participants as another major obstacle.
In addition, 17.8% respondents expressed concerns about unstable network connectivity.
Furthermore, 12.9% indicated that insufficient technical competence posed a challenge.
Notably, 7.4% of participants reported experiencing more than one of these difficulties,
highlighting the complexity of barriers to e-learning adoption. Despite these challenges,
it is encouraging that 14.9% of respondents reported no difficulties in using e-learning
safety training packages.

Chi-square analyses were conducted to examine the associations between driver
characteristics (age, work experience, and education level) and reported barriers to e-
learning safety training. A significant association was found between age and reported
barriers, x*(15, N = 202) = 45.85, p < 0.001. Middle-aged drivers (41-50 years) reported a
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lack of interest or attention more frequently than other age groups, whereas younger driv-
ers (18-30 years) reported network connectivity issues and “no problems” less frequently.
Table 12 presents the distribution of reported barriers by age group. No significant asso-
ciations were observed between work experience and reported barriers, x2(10, N = 202) =
14.92, p = 0.135, or between education level and reported barriers, x2(10, N = 202) = 13.81,
p = 0.182. These findings suggest that reported barriers were similarly distributed across
different levels of work experience and education.

Table 12. Reported Barriers to E-Learning by Age (N = 202).

Barrier Type 18-30 31-40 41-50 51-60 Total
Network outage 4 10 18 4 36
Don’t use smartphone 0 9 14 24 47
Lack of knowledge about technology 0 6 11 9 26
Combined barriers (Network outage, Don’t use
0 5 6 4 15
smartphone, Lack of knowledge)
There is no problem 3 11 13 3 30
Lack of interest/attention 1 10 32 5 48
Total 8 51 94 49 202

7. Discussion

This study examined crash involvement, training exposure, and e-learning readiness
among 202 HGV drivers operating along the Addis Ababa—Djibouti corridor. The annual
crash involvement rate of 24.8% is considerably higher than the 8-15% typically reported
in global freight transport literature, highlighting a serious road safety challenge in Ethi-
opia and reflecting broader LMIC trends noted in WHO and World Bank reports [1,54,55].
Crash involvement showed that mid-career drivers (11-20 years of experience) exhibited
the highest crash rates, while novice and highly experienced drivers reported fewer
crashes. This pattern aligns with earlier work suggesting that mid-career drivers may dis-
play overconfidence [68], while novices use heightened caution and highly experienced
drivers have stronger hazard-perception skills [69,70]. Although age emerged as a signif-
icant predictor of crash involvement in the logistic regression, the model’s weak predic-
tive power indicates that the result should be interpreted with caution. Important deter-
minants such as fatigue, driving hours, company safety practices, and risk-taking tenden-
cies were not measured, suggesting that the current findings are exploratory and that fu-
ture research should incorporate these variables to improve predictive accuracy.

Patterns linking crash history and training attitudes revealed an interesting dynamic.
Mid-career drivers, those with the highest crash rates, also reported the lowest motivation
for e-learning. This finding can be interpreted through behavioral theory. Consistent with
TAM research, individuals with inflated confidence in their abilities or existing compe-
tencies tend to perceive additional training as less useful, reducing their intention to adopt
new learning technologies [33,36]. The absence of a detectable effect of prior safety train-
ing supports previous literature showing that classroom-based instruction often has lim-
ited behavioral impact unless it is reinforced through practical and contextually relevant
methods [5]. In addition, the finding that more than one-third of drivers had never re-
ceived safety training or had not attended such training for an extended period highlights
structural gaps in training access and underscores the need for more systematic, continu-
ous, and inclusive safety education.

Risk-perception patterns also emerged. Drivers without crash experience rated un-
safe driving behaviors as more concerning than those who had previously been involved
in crashes, suggesting heightened vigilance among crash-free drivers. This finding aligns
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with studies indicating that crash-involved drivers may normalize or discount risky be-
haviors over time [71,72]. Experience-related patterns also emerged in safety compliance,
with more experienced drivers reporting fewer unsafe behaviors and stronger adherence
to cargo- securing practices, consistent with previous research linking experience to
heightened risk awareness [18]. However, fatigue-related challenges were pervasive
across all groups, reinforcing evidence that fatigue remains a central risk factor in long-
distance freight operations.

Drivers’ preferences for training delivery varied substantially by age and experience.
Younger and less experienced drivers expressed a stronger interest in mobile or blended
learning approaches, echoing global findings that digital and micro-learning approaches
are particularly effective for emerging professionals [16,26]. In contrast, older drivers’
preference for classroom-based methods likely reflects lower digital literacy. Educational
background also influenced preferences to some extent, with less-educated drivers show-
ing greater openness to blended approaches and diploma holders favoring traditional set-
tings. These differences suggest that training interventions should account for heteroge-
neous learner characteristics, underscoring the need for flexible, learner-centered designs
rather than assuming uniform readiness for digital delivery. Motivational patterns were
largely consistent across groups, with advocacy and awareness campaigns identified as
the strongest motivators. However, middle-aged drivers (41-50 years) reported reduced
interest more frequently, indicating a need for targeted motivational strategies, while
younger drivers encountered fewer technical barriers. Neither driving experience nor ed-
ucational level significantly influenced reported barriers, indicating that age is the pri-
mary determinant of e-learning readiness.

The findings align well with behavioral frameworks that guide technology adoption
and learning engagement. From a TAM perspective, age-related differences in digital fa-
miliarity and attitudes toward e-learning reflect variations in perceived usefulness and
ease of use. TPB further helps explain the influence of organizational encouragement, peer
norms, and confidence in digital skills on training intentions, with reported barriers such
as low digital literacy reflecting reduced perceived behavioral control. SDT provides ad-
ditional depth by highlighting the importance of autonomy-supportive, competence-en-
hancing, and socially reinforcing interventions, particularly for mid-career drivers,
through flexible schedules, personalized feedback, and peer recognition to boost engage-
ment.

Finally, although technological advancements such as telematics, ADAS, and alter-
native-energy vehicles are not yet widespread in Ethiopia, they signal an evolving opera-
tional landscape in which digitally enabled training systems will become increasingly es-
sential. The patterns observed in this study underscore the need to prepare drivers for
future technology-mediated environments and to develop foundational digital engage-
ment skills that support long-term adaptability.

8. Practical Recommendations

This study proposes a set of five priority actions to strengthen HGV driver safety
training in Ethiopia, while detailed rollout and budgeting information is provided in a
separate Implementation Appendix B. First, a blended micro-module pilot should be ini-
tiated over a defined trial period, combining a one-day depot-based introduction with
offline mobile microlearning modules covering key safety topics. Effectiveness can be
evaluated through pre-/and post-training knowledge scores, module-completion data,
satisfaction ratings, and exposure-adjusted crash indicators, thereby providing a short-
term evidence base for scaling. Second, depot-based Wi-Fi sync points and basic shared-
device access should be established to allow drivers to download content without relying

https://doi.org/10.3390/safety12010023



Safety 2025, 11, 23

21 of 32

on personal data plans, ensuring that corridor-specific, multilingual, low-bandwidth ma-
terials remain accessible to all drivers. Third, organizational reinforcement should be
strengthened through managerial endorsement and peer-champion programs to shape
subjective norms and promote sustained uptake, with participation and engagement rec-
ords serving as key evaluation metrics. Fourth, targeted motivational design for mid-ca-
reer drivers should incorporate short, high-relevance modules featuring personalized
feedback, goal-setting elements, and recognition-based incentives. These elements can be
monitored through engagement trends and telematics-informed behavioral indicators,
fostering autonomy, competence, and relatedness. Fifth, periodic refresher training
should be institutionalized within national licensing frameworks, drawing on EU CPC
best practices while adapting to Ethiopia’s infrastructure constraints. Over time, integra-
tion with OSM systems will enable adaptive, individualized learning pathways based on
real-time driving behavior. Embedding these actions within Ethiopia’s National Road
Safety Strategy and the UN Decade of Action (2021-2030) ensures alignment with global
benchmarks, while anticipating transitions toward telematics-enabled and alternative-en-
ergy vehicles prepares the training ecosystem for emerging technological developments.
Collectively, these recommendations provide a structured, scalable, and contextually tai-
lored roadmap for enhancing HGV driver safety training, linking clear actions to measur-
able outcomes, including engagement, competency, and crash reduction.

9. Limitations and Future Research Directions

This study has several limitations that should be acknowledged when interpreting
the findings. The sample was limited to heavy goods vehicle (HGV) drivers along the Ad-
dis Ababa-Djibouti Corridor, which may restrict the generalizability of findings to other
regions or transport contexts. The use of a cross-sectional design and self-reported crash
data limits causal inference and may be prone to reporting bias. Participants were pre-
dominantly male, reflecting Ethiopia’s national driver demographics, where only 11.1%
of licensed drivers are female [4]. This gender imbalance means that the perspectives and
training needs of female drivers, who may face unique barriers, are underrepresented.
Additionally, several important contextual and operational factors, including mileage, fa-
tigue, company safety culture, vehicle condition, and enforcement of safety standards,
were not measured and may have influenced the outcomes. Reliance on self-reported
crash histories further introduces risks of recall bias, social desirability bias, and underre-
porting, particularly in employment-related settings, thereby limiting the accuracy of the
crash estimates. Moreover, the logistic regression model demonstrated very weak predic-
tive performance, capturing only a small fraction of actual crash cases. As a result, statis-
tically significant predictors (such as age) must be interpreted with extreme caution, as
the model’s low sensitivity limits its substantive explanatory value. Given these con-
straints, the crash-related findings should be considered tentative and exploratory rather
than confirmatory, and interpretations should be viewed as hypothesis-generating. Fu-
ture research should employ longitudinal or experimental designs to establish causal re-
lationships between training exposure and safety outcomes. Integrating objective data
sources such as telematics, exposure-adjusted crash rates, or OpenStreetMap-derived
road-risk attributes would improve measurement accuracy and model robustness. Fo-
cused investigation of female drivers is also needed to better understand gender-specific
barriers and to evaluate whether e-learning approaches can help reduce disparities within
Ethiopia’s trucking sector. Finally, comparative evaluations of traditional, digital, and
blended training formats embedded within real operational contexts would provide
stronger evidence regarding the effectiveness and long-term sustainability of digital safety
interventions.
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10. Conclusions

This study examined the training exposure, e-learning readiness, and safety chal-
lenges faced by HGV drivers along the Addis Ababa-Djibouti corridor, generating evi-
dence to inform more effective and scalable safety interventions in Ethiopia. Addressing
01, the findings show that although safety training is widely valued, exposure remains
inconsistent and heavily reliant on classroom-based delivery, highlighting a gap in struc-
tured and engaging learning opportunities. In line with 02, clear age and experience-re-
lated barriers to e-learning adoption were identified, demonstrating that digital readiness
is not uniform and that tailored, user-centered approaches are essential for successful im-
plementation. O3 was addressed through drivers’ reports of persistent organizational
shortcomings, including limited managerial reinforcement, inconsistent safety communi-
cation, and weak follow-up mechanisms, all of which currently undermine training effec-
tiveness. Findings relevant to O4 indicate substantial risk exposure, including fatigue-re-
lated challenges and experience-dependent differences in hazard perception, underscor-
ing the need for more adaptive and evidence-based safety practices. Taken together, these
patterns point to a critical opportunity. Targeted, blended training systems that combine
digital micro-learning with organizational support and low-bandwidth access solutions
have strong potential to enhance safety performance, particularly when aligned with the
motivational dynamics highlighted by TAM, TPB, and SDT. The results further indicate
that mid-career drivers, who exhibited both higher crash involvement and lower digital
motivation, should be prioritized for intervention. Moving forward, pilot programs that
integrate e-learning with telematics data, exposure-adjusted safety indicators, and con-
sistent managerial reinforcement will be essential for evaluating real-world impacts. By
grounding training design in driver needs, behavioral theory, and Ethiopia’s evolving
transport context, the sector can move toward scalable, technology-ready safety education
capable of supporting national road safety goals.
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Appendix A. Questionnaire for Ethiopian Heavy Goods Vehicle (HGV)
Drivers

Part I. Background information about you

(1) What is your current job title?

(2) Gender (leave blank if you prefer not to respond to this question):

(3) What is your age? Years

(4) How long have you been working;:

»  In this organization? Years

»  Asaheavy vehicle driver? Years

(5) What is your education status?
> 10th grade

Certificate

Diploma

1st Degree

2nd Degree

PHD

YV V. V VYV V

Other, please specify

(6) For how long have you held drivers’ license? Years

(7) What type of driving License do you have?

(a) TruckI (a truck with loading capacity of up to 3500 kg)

(b) Truck II (Any truck without a trailer, truck with crane of lifting capacity of not more than 18ton)
(c) Truck III (Any truck with or without a trailer, truck with or without crane)

(d) FuelII (Fuel or liquid tanker without a trailer with a loading capacity of up to 18,000 Lt)

(e) Fuel Il (Any Fuel or liquid tanker with or without a trailer)

(8) Which type of vehicles from the under listed categories have you driven?

(@) TrucklI
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(b) TruckII
(¢) Truck III
(d) FuelIl

(e) Fuel III

(9) Which corridor are you currently driving?

(10) List if there are any other routes you have driven other than the current corridor?

(11) In the last 12 months have you experience a crash while driving a heavy vehicle at work?

Yes D No |:|

v' If “YES” state the type and number of crashes occurred

] mita physical injury, crashes
[ severe physical injury, crashes
EI Fatal crash, crashes

] Property damage, crashes

Part II. Safety Training(Safety training ranges from education about road conditions, speeding, braking, weight distri-

bution, to discussion of driver distraction, fatigue, and physical, mental, and emotional health)

(12) Have you taken any safety training?

D Yes
D No

Please answer the following questions if your answer for the above question is “Yes”.
(13) When did you last follow this training?

(] Within the Past year,

[ Within the past 2 year

[ within the past 5 year,

[ within the past 10 year
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(14) How many times have you received safety training?

(15) How was this safety training organized?

] Company-based,

|:| Part of driver’s license training

[ an parties concerned

] Other, please specify

(16) What was the method of delivery?

El Mobile Internet based,

D Class oriented

] Others, please specify

(17) How do you rate your interest in your Last safety training?

] Not interesting at all

[ Somewhat interesting

I:l Interesting

D Very interesting

(18) A number of possible motivations that relates to the last training are listed in the following table. Please indicate

your level of agreement about the listed motivations.

Please indicate your level of agreement about the listed motivations 1:-strongly disagree; 2:-disagree; 3:-partially agree;

4:-agree; 5:-strongly agree

workplace ergonomics, safety regulations, defensive driving, in-
jury prevention, hazardous materials, maintenance procedures,

company safety policy...) were missed.

Item Item label 2 3 4 5
18.1 The course is long and boring
18.2 The course content was not satisfactory in certain areas,(e.g.
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18.3 The course was interesting but the way of approach was not mo-

tivating

(19) Would you be interested in further safety trainings or if you have never taken before are you willing to take one?

D Yes
D No

Part III. Numbers of possible motivations related to your willingness to follow further safety training is listed in the
following table. Please indicate your level of agreement about the listed motivations.1:-strongly agree; 2:-disagree; 3:-

partially agree; 4:-agree; 5:-strongly agree (20)

Item Item label 1 2 3 4 5
20.1 I like to learn new things

20.2 I'like to update my driving skill

20.3 I'have full knowledge of road safety

204 I don’t have time for further safety trainings

20.5 Learning safety training is enjoyable

20.6 Learning safety training is relevant

20.7 Learning safety training is encouraged by our company

(21) Which type of delivery would be suitable for you?
D Classroom based,
[ Imternet based

[ Mobile application

Other, please specify

(22) Describe your reason behind the choice you made in the above question?

(23) What are the barriers that might prevent e-learning (offered via an app) to be successfully adopted by (heavy ve-

hicle) transport companies

(24) What might motivate drivers to make use of an e-learning program (offered via an app)?
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Part IV. Items a—g presents various safety management problems you may face while working. Rate the importance of
each problem. Extremely important items are those with the strongest relation to crash risk and require your greatest
attention. The 6-point scale is: 1.Not Important, 2. Somewhat Important, 3. Important, 4. Very Important, 5. Extremely

Important 6. Neutral (25)

Safety problem 11213 |45

(a) At-risk driving behaviors (e.g., speeding, tailgating )

(b) Driver fatigue/drowsiness

(c) Driver health, wellness, and nutrition problems

(d) Driver personal, family, and financial problems

(e) Delays associated with loading and unloading cargo

(f) Non-driving injuries and other accidents (e.g., slips and falls, cargo-related)

(g) Lack of training materials or easy access to drivers

(26) CSA stands for Compliance, Safety, and Accountability. It is the safety compliance and enforcement program of
the Federal Motor Carrier Safety Administration (FMCSA) that holds motor carriers and drivers accountable for their
role in safety. There are seven Behavior Analysis and Safety Improvement Categories (BASICs). Rate (1, 2, 3...7), i.e.,

from the most difficult [1] to the easiest categories/challenges [7] for your driving.

A. UNSAFE DRIVING —speeding, reckless driving, improper lane change, inattention. ]

B. FATIGUED DRIVING —Hours of Service. []

C. DRIVER FITNESS —missing Driving License medical qualifications. ]

D. ALCOHOL, DRUGS —impairment by alcohol, drugs, or medications. |:|

E. VEHICLE MAINTENANCE —failure to make repairs; adjust brakes, etc. ]

F. CARGO SECUREMENT —shifting, spilled, dropped cargo, size-weight violations, unsafe hazmat handling. ]

G. CRASH HISTORY —frequency, severity of crash in Department of Transportation. I:I
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Appendix B. Implementation Rollout and Budgeting Information

Component Details

Objective Deploy a 6-9 month blended micro-learing pilot to enhance safety training for Ethiopian HGV
drivers, addressing accessibility, engagement, and continutty gaps.

Objective The motivational design of the pilot is ecplicitly grounded in Self-Determination Theory, with
autonomy supported through flexible, self-paced micro-modules; competence enhanced via
personalized feedback and skill-focused content; and relatedness fostered through peer-cham-
pion systems and recognition-based incentives.

Timeline Phase 1—preparation (Month 1): finalize partners; baseline assessment. Phase 2—Content De-

velopment (Months 2-3): co-develop micro-modules; localization; compression for offline use.
Phase 3—Setup (Month 4): install depot Wi-fi sync points; prepare shared devices; finalize

data agreements. Phase 4 —Implementation (Months 5-7): one-day intro sessions; begin mod-
ule rollout; activate peer champions; monitor engagement. Phase 5—Evaluation (Months 8-9):

post-test; telematics analysis; exposure-adjusted crash modeling; final reporting.

Lead Institutions
& Roles

Ministry of Transport & Logistics: regular alignment; participation mandates; licensing inte-
gration. Driver-Training Centers: deliver intro sessions; manage certification; coordinate
blended sequencing. Universities (UHasselt + Ethiopian partners): content design; behavioral
framing; statistical modeling (Poisson/NB). Logistics Companies: enable driver access, pro-
vide depot space, support peer champions, and reinforce participation norms. Development

Agencies(optional): co-funding for equipment, infrastructure, and evaluation.

Budget Structure
(Indicative Catego-

ries)

Content production (scripts, video, translation); technology (routers, offline servers, platform
hosting); shared depot devices; delivery (trainers, facilitation); monitoring & evaluation (sur-

veys, telematics, software); 10-15% contingency. (Exact amounts to be determined during

scoping.)

Evaluation Metrics

Engagement: completion rates, dropouts, time-on-module, device usage logs. Learning:
pre/post knowledge tests, micro-quizzes. Behavioral: speeding, fatigue proxies, harsh braking,
telematics indicators; exposure-adjusted crash and near-miss rates. Organizational: satisfac-
tion scores, peer-champion activity, managerial compliance. Policy-readiness: cost-per-driver

estimates, scalability assessment, licensing alignment.

Key Barriers

Mid-career disengagement; limited connectivity; limited device access; skepticism toward e-

learning.
Mitigation Strate- High-relevance micro-modules; certificates and recognition incentives; offline-first design;
gies shared devices; depot wi-fi sync points; peer champions; a structured one-day classroom in-
troduction.
Scalability Plan Expansion to additional freight corridors; integration with telematics for personalized feed-

back; institutionalization of periodic refreshes in licensing; alignment with future vehicle tech-
nologies (ADAS, EVs, hydrogen trucks).
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