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Mobility of Moto-Taxi Riders
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Department of Civil Engineering, Division of Global Architecture, Graduate School of Engineering, Osaka University, Osaka,
Japan

Globally, motorcycle riders make up the biggest percentage of vulnerable road user
fatalities. The percentages are higher in African cities where moto-taxi transport is not
only the most readily available mode of transport but also a source of income for many
especially the youth. Many African cities are re-strategizing on how to sustainably deal
with problems like traffic congestion, unplanned development, flooding, air and noise
pollution. The authors carried out a questionnaire survey targeting a variety of road safety
stakeholders to identify road safety solutions that they think best fit the current situation.
Another questionnaire survey targeting moto-taxi riders was carried out, and the data
analyzed by SEM to identify how different solutions interact to affect the behavior of
riders. Results show that education and training programs have the biggest effect on
improving behavior of riders as they adapt to new city regulations such as zoning. Other
aspects such as presence of customers, behavior of other road users, road environment
were also explored. Currently, city authorities in some developing nations are looking to
introduce spatial regulations such as zoning and traffic management strategies such as
exclusive lanes. Therefore, the contribution of this study is a proposal of a combination
of solutions that different road safety stakeholders in developing countries can contribute
toward the sustainable improvement of the safety of riders.

Keywords: sustainable mobility, cross-sector, road traffic safety, boda boda transport (moto-taxi), spatial planning,
traffic management

INTRODUCTION

In many parts of Africa, especially East Africa, motorcycles are owned as a source of
income. Although ownership numbers are not clearly known, road accident fatalities, involving
motorcyclists are approximately 33% in Uganda and 24% in Kenya (World Health Organization,
2018). It is reported that ownership of motorcycles will increase due to the high levels of
unemployment among the youth and the increased traffic congestion in major cities in Africa.
Entry into the trade has no strict restrictions especially at city authority level; this makes it difficult
to monitor the riders’ numbers and behavior. This poses a big problem for city planners who are
currently grappling with a variety of development challenges such as poor drainage leading to
floods, urban sprawl, traffic congestion, air and noise pollution.
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In countries such as Uganda, motorcycle transport has spread
across the country since the late 1990s. Boda bodas (motorcycle
taxi) not only fill the public transport gap but also cater for the
last mile. Boda bodas are fast, convenient and can access many
remotes areas. Some individuals opt for boda bodas because of
the security they provide. In Kampala, more women are reported
to use boda bodas especially at night because they feel safer than
if they use taxis (Kumar, 2011). Alonso et al. (2020) who pointed
out that perceived safety and security between genders affects the
choice of transport mode and behavioral choice patterns in both
urban environments and public transport systems corroborate
this. Looking at these advantages, boda bodas are instrumental
especially in remote areas. However, their value rational in cities
is only significant in the absence of proper public transport.

Many African transport managers (European Union, 2017)
have argued that in order to ensure the sustainability of many
African cities, an integration of public transport (buses and rail)
and other forms of transport (cycling, walking, and motorcycle
taxi) is inevitable. It is explicitly noted that the coverage of public
transport would still be limited because feeder services would
have to be connected to the main public transport routes (Tuan
and Mateo-Babiano, 2013). As much as buses would be the first
choice for these feeder services, motorcycle taxis would be a good
choice to fill the gap in connecting communities to the buses and
railway stations. Based on this, motorcycle taxi would still play a
role in the transport ecosystem albeit auxiliary.

Background

Kampala is the capital city of Uganda, a country in East Africa
(see Appendix A for the location of Kampala and its divisions).
The biggest transport problems are; poor road conditions, traffic
congestion, road accidents, air and noise pollution, and poor
drainage (World Bank Group, 2015; Kampala Capital City
Authority, 2017, 2018b; Mugisha, 2017; Oswald, 2018; Uganda
Police Force, 2018, 2019, 2020; Anca, 2021; NuweAbine, 2021).
In Uganda, accidents involving boda boda riders and their
customers account for about 33% of all the annual fatalities
(Uganda Police Force, 2020). Of these, more than 50% of fatalities
are among people below the age of 35 years. The occurrence of
these accidents not only leads to death of both boda riders and
passengers but in some cases, loss of income to families when
either death or amputation occurs.

According to Sebaggala et al. (2015), as of 2012 Uganda’s
economic burden due to boda boda accidents and deaths was;
about 7 million ugx (about $2,800) to treat accident victims,
economic loss of 3 billion ugx (about $1.2m) due to loss in
output and about 350 million ugx (about $140,000) in motorcycle
repairs. Like in other parts of Africa, Kampala also cited boda
boda riders as a source of insecurity as well as victims of
insecurity (Diaz Olvera et al., 2012; Ukwayi et al., 2013; The
Independent, 2019; Mugo, 2021; Tumusiime, 2021). This poses
a huge social, economic and political burden on the country.

Over the years, the government has put in place various
measures to improve mobility and safety. There have also been
interventions specifically targeting the safety of boda boda riders
(see Appendix B for interventions implemented in Kampala).
However, many of these measures have been implemented in

isolation, at the convenience of the responsible stakeholder.
To maximize the impact of the measures where economic
and human resources are limited, cross-sector cooperation is
important (Mwebesa et al., 2018). Therefore, the synergistic
effects of the previous traffic safety measures should be examined
to encourage cross-sector cooperation and hybrid measures that
come from it.

Kampala Capital City Authority (KCCA), a body mandated by
the Uganda parliament to plan for and develop the city, launched
the Kampala Capital City strategic plan as part of Uganda’s Vision
2040 (Kampala Capital City Authority, 2020a). The strategies
to improve mobility and safety include the introduction of
Mass Rapid Transport (MRT) and Non—Motorized Transport
(NMT) in the city (Kampala Capital City Authority, 2018a, 2021).
Although a pilot NMT route has been implemented in Kampala
City, a fully functional MRT system will take a relatively longer
time to realize.

In July 2020, KCCA announced the implementation of
the Boda Boda Free Zone (BBFZ) (Kampala Capital City
Authority, 2020b; Mutabazi, 2020; The Independent, 2020a,b)
(see Appendix A for proposed boda boda free zone in
Kampala City). The authorities gave the following reasons for
its implementation;

a) To reduce pedestrian accidents by reducing the chances of
boda boda riders mixing with pedestrians

b) To encourage walking and cycling within the zoned off area

c) To encourage the public to use the bus system that will be
introduced in this zone

d) This is a pilot project for the introduction of a decongestion
fee for private vehicle users.

The BBFZ is expected to reduce traffic accidents involving boda
boda riders in a designated area; however, the boda boda riders
are anticipated to spread out to other areas because they are still
an important mode of transport. This highlights the importance
of boosting the safety of riders and their customers. On the
other hand, many researchers have over the years proposed the
implementation of exclusive lanes for boda bodas. This has not
yet been considered by the authorities. The proposed exclusive
lanes would separate the riders from other road users in the road
space. This would reduce the risk of riders getting involved in
accidents with vehicles and pedestrians. Therefore, there remains
a need for examination of the synergistic impact of these spatial
strategies alongside other road safety measures as well as the
impacts of the respective measures.

Study Framework

This study aims to identify factors that would aid the
introduction of spatial planning strategies (i.e., zoning) and traffic
management (i.e., exclusive lanes) in cities with underdeveloped
public transport systems from the viewpoint of riders’ safe riding
intention. To better understand the unique characteristics of
moto-taxi riders and examine synergistic effects of different road
safety measures in Uganda, this study focuses on the interactions
between latent constructs including social environment, human
influence, road furniture, traffic conditions, enforcement, zoning,
and exclusive lanes. A combination of solutions involving various
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stakeholders will be proposed as a way to create a sustainable
framework to bridge spatial planning and traffic management
especially in cities with high rates of moto-taxi riders.

To identify the factors, an in-depth literature review was
done followed by a questionnaire survey targeting boda boda
riders. The survey aims to specify what motivates boda boda
riders to ride safely and the extent of this motivation. This
study applied the Structural Equation Modeling (SEM) analysis
to identify how different solutions interact to affect riders
behavior by investigating and assessing the strength of the causal
relationships between variables. SEM method is appropriate for
statistical analysis of self-reported data to further derive suitable
empirical findings for managerial implications. It has been
employed in various study fields including transport psychology
and safety (Sukor et al, 2017; Yoh et al., 2019; Abbas and
Haghighi, 2020). The empirical results of this study include a
comparison of six models; these will be the basis of discussion in
the following sections. In addition, some managerial suggestions
were proposed in the conclusion.

LITERATURE REVIEW

Traditionally, Education, Enforcement and Engineering (3Es)
or its combination improve road safety situation including
drivers’ or riders’ behaviors. First, the studies on perceptual
factors of safe riding behavior were reviewed. Then, the literature
explaining how different factors affect the behavior of riders on
the road were also considered. This covered aspects including
education, enforcement, engineering (road environment), spatial
strategies such as exclusive lanes and zoning, and the effect
of customers/passengers.

Riders and Other Road Users Perceptions
A study conducted in Australia assessed the psychosocial factors
influencing motorcycle riders’ intentions to perform both safe
and risky riding behaviors (Tunnicliff et al., 2012). The intention
for riders to engage in safer behaviors such as better awareness of
traffic and road environment, and refusal to ride when tired, were
consistently predicted by the theory of planned behavior. That
is, riders’ perceived control influences their engagement in safer
behavior. When it came to engaging in riskier behaviors, attitudes
and sensation seeking were better predictors of riders’ intentions.
The authors further noted that not only does presence of other
riders influence their intention to engage in either safe or risky
behavior, but their relationship also plays an important part.

In terms of risk-taking intentions, Cordellieri et al. (2019)
suggested that motorcyclists complied with road rules depending
on the specific driving context; however, they were more prone
to violating traffic rules than drivers. This was attributed to
riders’ lower concern for risk compared to drivers. In contrast,
Nguyen-Phuoc et al. (2020) found that riders and drivers, whose
perception of getting in an accident or paying a fine was high,
were more likely to increase the frequency of using the turn
signals. In addition, riders tended to follow the traffic rules and
regulations more strictly if a rider thought they were prone
to penalties.

For some riders, riding is a form of identity and expression or
freedom hence the tendency to over speed, weave in and out of
traffic, and take other risks on the road (Musselwhite et al., 2012).
However, riders actually recognize the risks and try to prioritize
this in all they do. It has also been found that sensation seeking is
the strongest predictor of riders’ aggression. Overall, how riders
perceive their identity or skill affects the way they will behave
on the road. Many of the negative perceptions can be changed
through experience and different forms of education and training
(Rowden et al., 2016).

It should also be noted that the safety of vulnerable road users
increases as traffic composition becomes diverse (Papadimitriou
et al., 2019). Therefore, other road users’ perception affects the
safety of motorcycle riders. To ascertain the blameworthiness
of crashes at intersections, Robbins et al. (2018a) carried out
a survey considering both drivers’ and motorcyclists’ opinions
about junction crashes. Both drivers and riders agreed that
the driver would be at blame because riders have a stronger
awareness of dangers at intersections. This corroborated a
viewpoint from a previous study that there was a problem
with the way other road users viewed motorcyclists (Clarke
et al., 2007). At junctions, drivers “looked-but-failed-to-see”
the riders, this is as a result of the drivers “poor perceptual
schema for motorcycles.” That is to say, drivers did not see
motorcyclists as “dangerous obstacles.” Therefore, the risk of
collision increased in situations where drivers missed seeing the
rider or miscalculated how fast the rider was moving. Based on
this, it was suggested that engaging riders in defensive riding
and engaging the drivers in more empathic driving would reduce
these crashes.

Regarding the collision risks of motorcycles, Robbins et al.
(2018b) concluded that motorcycle accidents at unsignalized
junctions resulted from the fact that drivers accept smaller and
riskier maneuver gaps with motorcycles as compared to four-
wheelers. On the other hand, a study conducted in Paris found
that the main causes of motorcycle accidents were falling or
skidding due to avoidance of other road users and pedestrians
crossing haphazardly on the road (Maestracci et al., 2012). The
latter is regarded as a common occurrence in Uganda and is,
therefore, a big concern for riders. To improve the safety of
riders, it is important to consider the behavior of other road users
because this directly affects how riders act or react.

The Role of Education

The accumulation of on-road experience enhances not only
motorcyclists’ riding skills but also their hazard perception
abilities. These include the abilities to recognize obstacles, pay
attention to other road users, and adapt to road furniture
(Underwood, 2007; Rosenbloom et al., 2008; Crundall et al.,
2014). Lack of experience is mostly addressed formally through
a range of rider training and education programs.

Many studies have confirmed that the provision of knowledge
and riding practice is an effective way to promote road safety.
To examine the effectiveness of a pc-based training program,
Di Stasi et al. (2011) compared first-time riders before and after
training in different riding scenarios to advanced motorcycle
riders. Although the authors noticed that novice riders’ inability
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to adjust speed to the different road conditions would increase
the probability of having a crash, their riding ability improved to
match the performance of experienced riders after taking part in
the training.

Regarding riders” adjustment to road speed limitation, it was
found that rider training enabled the riders to adapt speed or
position when need arose (Boele-Vos and de Craen, 2015). Riders
were more likely to recognize hazards and react appropriately.
Another study showed that the advanced riders reported fewer
traffic errors and speed violations than novice and experienced
riders in the MRBQ survey (Crundall et al., 2014). On the road,
the advanced riders drove more slowly in 40 kph areas and
stayed closer to the centerline as compared to novice riders. The
authors attributed this to the riders’ ability to adjust as the road
environment and other road users’ situations changed.

In terms of risk identification, training helps riders identify
and react to hazardous situation much faster when driving on the
road (Crundall et al., 2010). Chapman et al. (2002) emphasized
that driver’s ability to scan the roadway scene increases with
experience while training can improve the scanning behavior.
Similarly, a study conducted by Underwood (2007) showed
that expert drivers scanned the scene of roadways more than
experienced drivers, while novice drivers scanned the scene less
than experienced drivers did.

In Uganda, Muni et al. (2018) compared two groups of riders,
one that had undergone a training (safeboda riders) on traffic
rules and regulations and the other (regular riders) that had not.
The empirical results showed that safeboda riders were more
likely to engage in safer activities like wearing a helmet and
avoiding use of a phone while riding. It was concluded that such
training is effective in improving the safety of boda boda riders.

All these studies elaborate the importance of road safety
education and skill training. Providing riders with training or
education help them be more aware of the traffic environment
and act appropriately as need arises. Therefore, Education can
increase the impact of engineering and its activities on the safety
of riders.

Effect of the Road Environment
(Engineering)
The environmental characteristics (e.g., poor lighting, bad
weather conditions, and complicated road geometry) increase
the risk of traffic crashes for vulnerable road users, especially
motorcyclists (Papadimitriou et al., 2019; Nguyen-Phuoc et al.,
2020; Robbins and Fotios, 2020). An investigation of contextual
factors suggested that risk after dark is significantly higher for
motorcycles compared to four-wheelers, on roads with low-speed
limits (<30 mph), at T-junctions, and junctions controlled by a
give-way sign or auto traffic signals (Robbins and Fotios, 2020).
Driver’s perception of safety is an important influence on their
driving behavior. Nguyen-Phuoc et al. (2020) concluded that
environmental factors such as poor lighting, bad weather and
multiple lanes, had a positive and direct effect on the frequency
that the drivers and motorcyclists used their turn signal. This
shows that road users are aware of the increased risk of getting
involved in a road crash and try to adapt to the environment.

This is consistent with previous research conducted by Huth
et al. (2014). Other studies found that sudden appearance of
animals, barriers not meant for riders or road surfacing that
makes braking difficult, would heighten the riders’ awareness. In
order to protect themselves, the riders opted for strategies like
riding away from shoulders, constantly monitoring pavements
and other infrastructure.

Therefore, the road environment may affect how riders use the
road. The improvement of different road features and furniture
may lead to reduced risks for motorcycle on sections of the
road. It is therefore important that the road environment is
made suitable for the riders to follow the new spatial rules and
regulations such as staying in their exclusive lane or being able
to follow markings leading up to the zoned off areas. To ensure
that the riders adhere to this, proper enforcement becomes
very important.

The Role of Enforcement

The presence of enforcement of road traffic law is an effective
deterrent to dangerous behavior. The role of police in safety
matters of motorcyclists has been widely studied, especially in
ASEAN countries. To understand how the moto-taxi riders were
able to follow traffic rules and regulations, Tuan and Mateo-
Babiano (2013) carried out a study in Vietnam and Thailand. The
heavy penalties, the banning or cancellation of a riding license
were suggested as punishment for riders who violated rules or
provided an inappropriate service. However, it is argued that
the effects of the police enforcement were temporary. Regarding
helmet usage in Thailand, Jiwattanakulpaisarn et al. (2013) found
that in areas where there was presence of checkpoints many
riders wore helmets; the reverse was true. In some cases, if riders
knew the schedule for police checks, they found ways to dodge
them altogether.

Similarly, Stanojevi¢ et al. (2013) conducted a study on driver’s
attitudes and behaviors in areas with different police enforcement
visibility. The Serbian drivers tendered to follow traffic rules and
regulations more frequently as compared to their North Kosovo
counterparts because in the former group, police enforcement
was stronger.

Road safety campaigns have also been known to be effective
in improving the safety of road users. One such campaign is a
police campaign “Fika Salama (arrive safe)” initiated by Uganda
police in collaboration with Uganda National Roads Authority
(UNRA) and Ministry of Works and Transport (MoWT) and
several health facilities in response to the increased road
accidents that were happening on Kampala-Masaka Highway.
After its launch in August 2016, this operation has contributed
to a decline in the poor driver behavior and a significant
reduction in fatalities, their associated costs among other savings
(UNECE, 2018; SPEED, 2019).

Police enforcement plays an important role in ensuring
that riders follow traffic rules and regulations. However, police
conduct is also something that affects the attitude of riders. If the
police are corrupt, many riders might use this opportunity not
to follow any rules because they know they will get away with it.
To make the enforcement effects last, Adnan and Gazder (2019)
suggested that the traffic police would have to aim for a higher
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sense of professionalism, serve severe punishment and dismiss
corrupt officers.

In some cases, especially in developing nations, first educating
the public about dangers of risky behavior (through public
consultations or workshops) may boost the effectiveness of
enforcement activities. In a study to understand the trends in
motorcycle helmet use in Vietnam, Bao et al. (2017) argued
that although helmet use significantly increased, this could
not be fully attributed to enforcement because enforcement
levels and initiatives had not changed during the study period.
In order to increase helmet use, they suggested increasing
riders’ awareness of dangers of substandard helmets and how
to identify good quality ones then follow this with consistent
enforcement activities.

In another study to identify strategies to increase helmet
usage among riders in Delhi, the researchers leaned toward
interventions that disseminate information on the dangers of
unsafe behaviors. This was suggested as a more feasible approach
as compared to enforcing helmet law and speed limits (Grimm
and Treibich, 2016).

Limitations on the coverage and efficiency of enforcement
have been the motivation behind Ratanavaraha and
Jomnonkwao’s study (Ratanavaraha and Jomnonkwao, 2013).
They argued that although Thailand’s enforcement activities
are widely spread, the participation of the community in
information dissemination activities is a key ingredient in
improving safety of riders. In their study, they reported an
increase of 13.23% in helmet usage because of community
participation activities such as public consultations, meetings
and participative decision-making.

Therefore, it is important to first disseminate information
to the community as a way to increase the effectiveness of
enforcement in road safety.

On Exclusive Lanes and Zoning

Many articles related to motorcycles in Uganda have come out to
suggest various engineering-and-enforcement-related measures
to improve the safety of riders. Siya et al. (2019) concluded that
the construction of separate lanes for boda boda riders would not
only be a factor in reducing boda boda related accidents but it
would enhance public transport.

Manan et al. (2017) pointed out that motorcyclists were three
times more likely to over-speeding on roads without shoulders.
They further noted that because riders cannot find refuge on
shoulders, they are forced to weave in and out of the main lanes
hence increasing the risk of being involved in a crash. As a result,
paved shoulders or exclusive lanes were suggested to enable riders
to reduce their speeds as a means to promote riders’ safety. On the
other hand, the exclusive lanes for two-wheelers were found to be
most effective on roads with higher speed limits, bigger volumes
of traffic, and areas with bus routes (Morrison et al., 2019).
Lowering speed limits and installing dedicated off-road cycling
infrastructure will attract more bicycle traffic because vehicles
and high speed are seen as hazards. Such separated motorcycle
lanes have been constructed in some parts of Malaysia.

Sukor et al. (2017) set out to examine the correlation between
motorcyclists’ psychological factors (attitude, desire, perceived

danger, moral obligation, etc.) and their risky riding behaviors
(speeding and neglecting to wear a helmet) depending on the
type of motorcycle facility they used. It was found that there
was a statistically significant relationship between exclusive lanes
on speeding behavior. Moreover, psychological factors affected
speeding and helmet wearing differently.

Regarding  the  motorcyclists  compliance  toward
zoning, Hanan (2019) indicated that the visibility of the

zoning regulations would encourage riders to adhere
to the restrictions. Another observation was that the
motorcyclists wanted the public to approve of their

compliance behavior (this can be boosted through Education).
It was therefore concluded that public promotion of
safety would have to focus on reinforcing positive beliefs
toward compliance.

Effect of Passengers

The influence of the 3Es has been expounded upon; however,
passengers also influence the driver in both negative and positive
ways (Orsi et al, 2013). In the case of moto- taxi riders,
the influence from their customer/passengers is bound to be
stronger. Positive aspects include being a navigator, keeping
the driver alert, alarming the driver of hazards ahead or risky
behaviors. In contrast, the negative influences include urging
the riders to break the rules so that they pay a reduced
transport fare or get to their destination faster (Lyatuu, 2014).
Raynor (1923) made similar reports in his study on boda riders
in Kampala. This behavior has been supported by a study
carried out by Monash University Accident Research Center
(Regan and Mitsopoulos, 2001).

Negative influences were most notable among the 16-24 age
group if the driver was also in the same age group (Regan and
Mitsopoulos, 2001). These included encouraging riskier behavior
such as speeding and insulting other drivers. In some cases, some
passengers were not aware of their negative influence such as
distraction caused by passengers who chatted with their driver.
Kubose et al. (2006) noted that conversation is a distraction to
driving performance owing to driving on especially a difficult
track requires more allocation of the drivers attention. These
effects are stronger among younger drivers as compared to older
drivers. This is derived from the social identity theory where
individuals derive identity from membership in a particular
group (Tajfel et al., 1979). It is believed that drivers who want
their passengers to like them may drive recklessly and be
over-dependent on their passengers with the thought that the
passengers play specific roles in their driving (Nakagawa and
Park, 2014).

Horvath et al. (2012) concluded that in some scenarios, active
pressure (passengers directly influencing driver’s intention to
speed) may merely reinforce passive pressure (a driver’s intention
to speed is from the driver’s perception that the passengers want
them to) as opposed to solely making the driver more intent
on speeding.

These studies show that the presence of passengers
(customers) may have significant positive or negative effects
on the rider’s behavior. Therefore, passengers are an important
stakeholder to consider in this study.
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D-10. Road safety campaigns are a
good reminder for me to ride at
appropriate speeds
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B-6. I let pedestrians cross

the road if the zebra
crossing is visible to me
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B-15. I am careful when
«— overtaking because the lanes
are narrow and have potholes
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-

B-8. At the Intersection, I stop
when I see police officers

FIGURE 1 | Relationship between safety hexagon and questionnaire items.

\ B.17.1 reduce speed at which
am riding when I see police
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METHODOLOGY

The following methodologies were utilized in this study;
literature review, questionnaire survey and meeting with
road safety stakeholders, questionnaire survey for riders and
SEM analysis.

Questionnaire Survey for Boda Boda

Riders

Survey Design and Measures

Based on the literature review above, online discussions were
held with road safety stakeholders to further understand the
road safety situation of the riders on the ground. Thereafter, a
questionnaire survey targeting boda boda riders was prepared
and a test run was done in September 2020. A draft of the
questionnaire was distributed to 40 randomly chosen boda boda
riders and passed a series of pre-test trials to ensure all materials
were accurate and appropriate.

The original questionnaire survey consisted of four sections
A-E. Section A, B, D and E originally consisted of 14, 18, 20,
20 questions respectively. A Confirmatory Factor Analysis (CFA)
was conducted to test the convergent reliability and discriminant
validity of the measurement model. Some items in section B and
E did not meet the criteria; therefore, they were removed from
the final questionnaire.

The final questionnaire was in both English and Luganda (a
local language commonly spoken in Kampala city). Section A
consists of 14 questions that were designed to collect general
information about the riders such as age and years riding a
motorcycle. Section B consists of 15 questions, whose target was
to understand how police presence, road conditions and driver
behavior affects the behavior of riders. Section D consists of 20
questions, whose aim was to understand how knowledge of the
law (traffic rules and regulations), customer, friends and self-
belief influence the behavior of riders. While section E consists
of 12 questions whose aim was to understand how zoning and
exclusive lanes will influence their behavior.

Each question in sections B, D and E was designed to
reflect a riding behavior and its motivation. The items were
measured using a five-point Likert scale (5 = strongly agree, 1 =
strongly disagree). The motivation is a form of 3Es (Education,
Engineering and Enforcement) while the behavior is a form
of PSC principle (Priority, Speed and Comprehension). The
behaviors targeted in this study were; speeding, overtaking,
yielding to pedestrians, stopping at traffic lights or unsignalized
intersections and wearing a helmet. Sunagawa et al. (2015)
proposed a holistic framework on safer use of road crossing
facilities by including PSC elements as a way to create a balance
in the usability, safety and accessibility of the road space. Yoh
etal. (2017) utilized the PSC principle to identify and classify the
traffic violations and accidents that foreign drivers in Japan are
prone to commit depending on their region of origin. Mwebesa
et al. (2018) defined the relationship between 3Es and PSC
principle as a safety hexagon that represents a type of cross-
sector cooperation approach, whereby PSC represent the risks
or causes of road accidents while 3Es represents the solutions
to these problems. For example, education interventions can
inform other road users on whom to prioritize on the road
(P) or how to regulate speed (S) on the road. Figurel
illustrates the relationship between the questionnaire items and
the safety hexagon.

Sample Size Determination
Previous studies targeting boda boda riders in Kampala have used
varying sample sizes depending on the purpose of the study. In a
cross-sectional study, the sample size used was 200 boda boda
riders (Siya et al., 2019). In two studies comparing the behavior
of safeboda riders and regular riders, sample sizes of 400 and 342
riders were deemed necessary (Muni et al., 2018, 2019).
Although this study did not seek to compare behavior between
safeboda riders and regular riders, a methodology similar that
in Muni et al. (2019) was used to determine the sample size.
Helmet use is a behavior whose statistics are easily accessible as
compared to other behaviors; therefore, it was used as a basis
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to calculate sample size. Rocehler et al. (2013) and Kamulegeya
et al. (2015) state that the percentage helmet use among riders is
at 18.6 and 30.8% respectively. Based on these studies and others
mentioned above, the percentage of riders willing to wear helmets
was estimated at 30%. Considering a type error rate of 0.01 using
a X? test, and the power to detect a difference between the two
groups of riders to be 80%, a total of 300 samples was decided
upon according to table A4 in Fleiss et al. (2003). This sample
size falls in the range of sample sizes used in previous studies,
therefore it is deemed appropriate for this study.

Data Collection Method

Based on the new boda boda stages allocated by KCCA, 70
locations were chosen from three divisions (Nakawa, Central
and Kawempe) to interview the riders. These three divisions
were chosen because they are the Industrial, Administrative and
Education divisions of the city respectively. The locations chosen
were those near public places like markets, schools, government
offices and locations on main roads leading to the Northern by-
pass (a major road directing traffic from the city to roads leading
upcountry). A group of five experienced research assistants
were remotely trained to carry out the survey. An independent
supervisor was also trained to oversee the whole process.

The final questionnaire survey was held between 14th and
24th October 2020. Three hundred and seventy six willing boda
boda riders were interviewed, although during data cleaning only
319 samples were used for analysis.

Structural Equation Modeling (SEM)

Analysis
SEM approach is used in data analysis to examine complex
and multi-faceted relationships between measured variables and
latent constructs, in various disciplines such as travel behavior,
psychology and sociology (Golob, 2003). SEM consists of two
models a structural model and measurement model, which
gives it an advantageous edge in data analysis. The structural
model measures the latent variables while the structural model
tests the hypothetical dependencies between latent variables and
measured variables based on path analysis (Mattson, 2012).

The variable measurements primarily based on the analytical
framework (Figure 2) were developed through a detailed review

of the relevant literature. Studies show that various education
and training programs are effective in enabling riders to
recognize obstacles or hazards, pay attention to other road users,
adapt to road furniture and adjust speed to adapt to different
road conditions (Chapman et al, 2002; Underwood, 2007;
Rosenbloom et al.,, 2008; Crundall et al., 2014; Boele-Vos and
de Craen, 2015). This may imply that imparting knowledge on
riders boosts the effectiveness of engineering interventions such
as providing road furniture and upgrading road environment.

Enforcement plays a big role in improving safety of riders.
However, some studies suggest that interventions that increase
awareness of riders, information dissemination and participative
decision making not only boost the effectiveness of enforcement
but in some cases they may be more feasible than enforcement
(Ratanavaraha and Jomnonkwao, 2013; Grimm and Treibich,
2016; Bao et al., 2017).

Therefore, different forms of education and training may
increase the effectiveness of engineering and enforcement
interventions that may in turn influence the riders behavior
toward adhering to zoning and exclusive lane regulations. The
SEM analysis was adopted in order to identify dimensions of 3Es
that would enable the riders to adhere to the spatial strategies of
zoning and exclusive lanes in the city. By identifying the latent
structure, a combination of solutions was proposed as a way to
promote sustainable mobility.

Table 1 describes the constructs that were examined in the
study. The names are derived from the literature reviewed in
section literature review. Before proceeding with the analysis of
model specification and causality, the goodness-of-fit indices of
the hypothesized structural model were estimated to confirm the
model fitness. The SEM analysis was conducted using the package
“lavaan” in R program.

RESULTS AND DISCUSSIONS

General Characteristics of Boda Boda
Riders

Table 2 lists the sample characteristics of the respondents.
Majority of the respondents are between the age of 18 and 40
years, and have had a riding experience of 1-10 years. These
results are similar to those found by Raynor (1923). Therefore,
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TABLE 1 | Definition of latent constructs examined in this study.

SN Construct Explanation References
1 Social environment A form of education where riders gain knowledge about the Chapman et al. (2002), Underwood (2007), Rosenbloom et al.
traffic rules and regulations. For majority of riders, this (2008), Crundall et al. (2010, 2014), Di Stasi et al. (2011),
information is formally or informally through the people who Boele-Vos and de Craen (2015), Muni et al. (2018)
teach them how to rider or their colleagues at the boda boda
stages or at the road safety trainings they attend.
2 Human Influence Customers or passengers’ influence on riders Raynor (1923), Tajfel et al. (1979), Regan and Mitsopoulos (2001),
Kubose et al. (2006), Horvath et al. (2012), Orsi et al. (2013),
Lyatuu (2014), Nakagawa and Park (2014)
3 Sense of safety Riders’ need for speed and the necessity to wear helmets Tunnicliff et al. (2012), Cordellieri et al. (2019), Nguyen-Phuoc
et al. (2020)
4 Traffic conditions The influence of drivers or road features on the riders’ Clarke et al. (2007), Maestracci et al. (2012), Robbins et al.
behavior (2018a,b), Papadimitriou et al. (2019)
5 Road furniture Absence or presence of road furniture and its influence on Huth et al. (2014), Nguyen-Phuoc et al. (2020), Robbins and
riders’ behavior on the road Fotios (2020)
6 Enforcement Presence of police officers or other forms of law enforcers Jiwattanakulpaisarn et al. (2013), Stanojevi¢ et al. (2013), Tuan

and Mateo-Babiano (2013), UNECE (2018), Adnan and Gazder
(2019), SPEED (2019)

TABLE 2 | General characteristics of the respondents.

Characteristic Category Sample Percentage
size

Age 18-30 years 119 37.3%
31-40 years 140 43.8%
41-50 years 55 17.2%
Over 50 5 1.6%
years

Years of riding a Less than 1 14 4.4%

motorcycle year
1-5 years 154 48.3%
5-10 years 103 32.3
11-15 years 32 10%
Over 15 16 5%
years

Road safety training Yes 236 74%
No 83 26%

How rider learned how Others 12 3.8%

to ride a motorcycle Family 35 11%
Friends 137 42.9%
Myself 135 42.3%

Own a riding permit Yes 189 59.2%
No 130 40.8%

the samples in this study can be thought to be representative of
boda boda rider in Kampala city.

About 84% of the riders interviewed taught themselves how
to ride or were taught by a friend. This has been cited by many
researchers as a one of the root causes of accidents among boda
boda riders. However, the situation is that there are no known
motorcycle riding schools and with no regulations on joining
the trade, this behavior is bound to continue. To somewhat
salvage the situation, private companies like Vivo energy (Oneal,

2014) and Safeboda Initiative (EABW DIGITAL, 2018) started
providing road safety training to improve the safety of riders.

In some of these workshops, riders are not only taught traffic
rules and regulation but are given riding basics and shown videos
of how their bad behavior can be detrimental to their safety and
livelihood. These initiatives account for the 74% of riders who
reported to have attended a road safety training before.

Descriptive Statistics
Table3 shows the mean and standard deviation of the
measurement items of each construct of the conceptual model.

Results From the Structural Equation
Modeling (SEM) Analysis

The results from the SEM analysis will be discussed in two parts.
Of the six models, four are related to zoning while the others
are related to exclusive lanes. In the first part, results related to
zoning will be discussed while the second part will be focused on
the results related to exclusive lanes.

Results Related to Zoning
The estimated model 1 showed a good fit (CFI = 0.971, TLI =
0.959, RMSEA = 0.043, GFI = 0.966, AGFI = 0.941), in addition
all paths are significant. Model 1(Figure 3) shows that the social
environment (knowledge of the traffic rules and regulations
imparted formally or informally) would enable the riders to
“read” the traffic conditions and this would in turn enable them
to adhere to the traffic rules and regulations related to zoning.
Overall, any form of trainings has a bigger impact on the
riders adhering to the zoning conditions. Many of the road safety
campaigns in Uganda are led by private sector in conjunction
with the Uganda Police Force. These campaigns not only run
education material on media but also hold training sessions (Vivo
Energy, 2017a). Previous studies have shown that, after training,
riders are able to perceive hazards, adjust their speeds and identify
risks (Rosenbloom et al., 2008; Crundall et al., 2010; Boele-Vos
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TABLE 3 | Descriptive statistics of measurement items.

Constructs and items Mean SD
Road furniture

B6. | let pedestrians cross the road if the zebra crossing is visible to me 4.188 0.660
B7. | let pedestrians cross the road if the traffic lights are functional 4.069 0.758
B9. At intersections, | stop when the traffic lights are functional, if not | just join the road 2.721 1.298
Traffic conditions

B14. Drivers are intolerant and impatient so | try to signal before | overtake 4.182 0.587
B15. | am careful when overtaking because the lanes are narrow and have potholes 4.288 0.518
B18. Car drivers are reckless so | have to rider within the speed limit of that area 4.207 0.664
Social environment

D7. I always give way to pedestrians because it is the law 4.364 0.566
D10. Road safety campaigns are a good reminder for me to ride at appropriate speeds 4.229 0.719
D1. I always stop at the traffic lights because it is the law 4.382 0.602
D9. | ride at designated speed limits because the law says so 4.288 0.622
Enforcement

B8. At intersections, | stop when | see the police 2.379 1.186
B5. At zebra crossings, | let pedestrians cross if | see the police 2.690 1.351
B17. | reduce the speed at which a riding when | see police officers 2.715 1.312
Human influence

D11. lusually ride at high speeds because many customers ask me to do so 4179 0.976
D2. I run the red lights because customers want to reach their destination quickly 4.414 0.690
D14. Sometimes my customers ask me to crisscross through cars so | do so 4.254 0.859
Zoning

E3. As | approach the zoned off areas, | will rider within appropriate speeds 4172 0.603
E7. As | approach the zoned off areas, | will be keen on stopping at traffic lights 4.066 0.735
E14. 1 will be more careful when overtaking as | approach the zoned off areas 4.110 0.637
Exclusive lanes

E1. I am willing to ride at the speed limit if we are given exclusive lanes 3.937 0.969
E6. | am willing to stop at the traffic lights if we are given exclusive lanes 3.552 1.238
E12. If we are given exclusive lanes, am willing to overtake more carefully 3.838 1.002

and de Craen, 2015). About 74% of the riders who participated
in this survey had undergone a road safety training; this would
partly explain why “social environment” factor has an overall
impact on zoning. Training emphasizing the importance of speed
limits and stopping at traffic lights would have a greater impact
on riders’ behavior because of the higher factor loadings of these
two observable variables.

As compared to drivers, Robbins et al. (2018a) indicated
that riders have stronger awareness of danger because of the
unique dangers they face on the road. In many African cities,
including Kampala, such instincts may have been sharpened
because cars are valued more than other forms of movement.
Secondly, the road conditions favor drivers; this is illustrated
by “the drivers’ intolerance” having a higher exploratory power
toward traffic conditions.

Such conditions may explain why the ability to read the
traffic conditions may enable riders to follow the zoning
regulations. Furthermore, improvement in road conditions and
introducing “emphatic driving” for drivers would improve the
riders’ adherence to zoning regulations.

Model 1 is referred to as the “speed model” because the highest
factor loading for “social environment” and “traffic condition”

are all speed related. Therefore, a combination of proper training
for riders and drivers and improved traffic conditions would not
only increase riders’ adherence to zoning regulations but may also
result in reduced over-speeding.

The fit indices of model 2 were within acceptable limits (CFI
= 0.959, TLI = 0.943, RMSEA = 0.043, GFI = 0.965, AGFI =
0.940), indicating that the model is a good fit. Model 2 (Figure 4)
is similar to model 1, the only difference is that knowledge of the
traffic rules and regulations would enable the riders to be more
aware of road furniture, which in turn would enable them adhere
to zoning conditions.

Several studies have shown that misleading or absence of road
furniture may affect the riders’ behavior on the road (Nguyen-
Phuoc et al., 2020; Robbins and Fotios, 2020). Based on the results
above, the absence or non-functional road furniture affects the
riders’ reaction to pedestrians. Therefore, proper placement of
road furniture would not only play a role in the riders” ability
to follow zoning regulations but would also enable them to
prioritize pedestrians in the road space. This is why model 2 is
referred to as “Priority Model.” Overall, the knowledge of the
traffic rules and regulations has a bigger impact on the adherence
to zoning regulations.
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The causal relationships shown in model 3 are significant
and the model has a good fit (CFI = 0.925, TLI = 0.904,
RMSEA = 0.062, GFI = 0.940, AGFI = 0.911). Model 3
(Figure 5) is a combination of model 1 and 2; this further
cements the importance of imparting knowledge of the traffic
rules and regulations onto the riders. This model also shows

name “Speed and Priority Mode

that engineering in the form of proper road furniture placement
and better roads are important if zoning is to be successfully
implemented. As a combination of model 1 and 2, it earns the

1.”

The fit indices of model 4 are within acceptable tolerances,
showing a good fit (CFI = 0.944, TLI = 0.928, RMSEA = 0.055,
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GFI = 0.946, AGFI = 0.919). Model 4 (Figure 6) is similar to
model 1 but here, the effect of enforcement is explored. Presence
of police or any other enforcement unit will ensure that riders
adhere to zoning regulations. One of the reasons as to why riders

that belong to the safeboda ride hailing company, adhere to
traffic regulations is because there is an enforcement arm of the
company whose responsibility is to ensure riders adhere to traffic
rules (EABW DIGITAL, 2018). Those that do not are penalized
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FIGURE 7 | Model 5— Effect of enforcement on exclusive lanes.

and this has seen a great improvement in how these riders behave
on the road as compared to their other counterparts.

Many studies suggest that enforcement should be
implemented after education as this is the logic way to
ensure road users adhere to traffic rules and regulations. The
relationship between “social environment” and “enforcement”
should therefore show a positive covariance however in model 4
it is a highly significant negative value. This is a true reflection
of the road user-traffic police relationship in many developing
countries. Some reports show that the police is involved in
bribery, extortion and harassment of the riders. This has
therefore created mistrust between the two parties and may
explain why the riders are reluctant to follow police directives
(Raynor, 1923; BBC Online News, 2020; Kalokwera, 2021;
Uganda Radio Network, 2021a,b). The lack of trust between
the public and authorities came up as one of the reasons why
the effects of an enforcement campaign targeting helmet use, in
Karachi, did not last long (Adnan and Gazder, 2019).

Zoning of this magnitude is new to many stakeholders
including the police force. Therefore, awareness campaigns
targeting the public and the traffic police may salvage this
situation. This would most probably improve the public image
of the traffic police as is suggested by some studies (Adnan and
Gazder, 2019)

Results Related to Exclusive Lanes

Model 5 also shows a good fit (CFI = 0.973, TLI = 0.960,
RMSEA = 0.045, GFI = 0.973 AGFI = 0.950). In Model 5
(Figure 7), police presence would enable the riders to stay in their
lanes. However, police presence would have a negative effect on
traffic conditions. As earlier discussed under model 4, there is
mistrust between the public and the police. This may explain

the negative regression coefficient between “enforcement” and
“traffic conditions.”

As elaborated in model 1, riders are able to read the traffic
environment and hence stay in their lanes. Overall, police
presence, improved driver behavior (through emphatic driving)
and improving the road conditions would enable the riders
to follow the regulations related to exclusive lanes. Such a
combination of solutions, albeit “non-traditional” is a good way
to explore solutions that may boost sustainability in mobility
and safety.

The structural model 6 shows an acceptable fit based on
the CFI = 0.910, TLI = 0.865, and RMSEA = 0.085, GFI =
0.949, AGFI = 0.904. Model 6 (Figure 8) is similar to model
1 and model 5 but in this model the influence of passengers is
examined. The influence of other people on drivers or riders has
been to be either positive or negative (Tajfel et al., 1979; Regan
and Mitsopoulos, 2001; Kubose et al., 2006; Orsi et al., 2013;
Nakagawa and Park, 2014). In Kampala, riders have reported that
customers or passengers pressurize them to take risks because
they want to arrive fast or to cut costs (Raynor, 1923; Lyatuu,
2014). This is further illustrated by the high exploratory power of
“I ride at high speeds because customers ask me to.” This would
explain why “human influence” has a negative effect on riders’
perception of traffic conditions.

However, the effect of “human influence” has a relatively low
significance on exclusive lanes. This maybe because exclusive
lanes are a new concept, some passengers may be for it
or against it depending on whether they prioritize their
safety or getting to their destination. Overall, improvement
of drivers attitude to riders and road conditions would
have a higher impact on riders adherence to exclusive
lanes regulations.

Frontiers in Sustainable Cities | www.frontiersin.org

12

November 2021 | Volume 3 | Article 775011


https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles

Mwebesa et al.

Integrated Transport and Spatial Strategies

I ride at high
speeds because
customers ask

me to do so

I run the red
lights because my
customers ask me

to

Sometimes

to crisscross
through cars

customers ask me

N =319, RMSEA = 0.085
CFI =0.91, TLI =0.865
4k 5 20,001, *p<0.05

-0.35%%*

0.63%**

Influence

0.63*%**

0.17*

I am willing to stop

intolerant so I try
to signal before
overtaking

and have potholes
so I am careful
when overtaking

reckless so I have
to ride within
speed limit

I am wiling to ride at
speed limit if we are
given exclusive lanes

’I\'aﬂ;\ o= Exclusive 074*1» at traffic lights if
Condition lanes we are given
exclusive lanes
ek % %k ek
0.74 0.59 0.58 ry— \\ P
/ \
Drivers are Lanes are narrow Drivers are If we are given

exclusive lanes
am willing to
overtake carefully

FIGURE 8 | Model 6—Effect of customers.

This model brings in the socio-economic aspect that is rarely
explored when it comes to moto-taxi riders. Matters concerning
the income of the rider have not been widely voiced by other
stakeholders, most probably because they do not completely
comprehend the dynamics. It also introduces another important
stakeholder, the passenger or customer, whose role in the
behavior and safety of riders has not been extensively discussed
yet they play a crucial role. It is believed that, campaigns
targeting the passengers or customers attitude toward speed
would improve the riders’ adherence to exclusive lanes.

CONCLUSIONS

This study has suggested the cross-sector solutions that different
stakeholders can plug into to ensure that there is a bridge
between spatial planning and traffic management in the form
of zoning and exclusive lanes. The proposed solutions create
another perspective that developing countries, especially African
cities with high numbers of moto-taxi riders, can utilize to boost
sustainable mobility and safety.

Imparting knowledge of traffic rules and regulations has a
cumulatively higher effect on promoting zoning. To achieve this,
targeted trainings and campaigns should be tailored to improve
the riding skills of riders but also introduce empathic driving for
drivers. Some researchers like Muni et al. (2019) have reported
the success of targeted training programs. Their study showed
that, as compared to other riders in Kampala, safeboda riders
engaged in safer ridding behaviors because of the rigorous road
safety training and the “sense of community” that was instilled
in them.

In addition, many studies have concluded that drivers “don’t
see” or “don’t acknowledge” riders as rightful users of the road
that deserve respect and priority. Huth et al. (2014) emphasized
that driver training should include information about riders to
familiarize drivers with other road users;