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Use of the helmet is beneficial in reducing the severity of injuries and avoiding fatalities for motorcyclists, there-
fore, legislation exists in almost all countries. In practice, the situation is different regarding the helmet use, espe-
cially in the developing countries. This paper investigates the helmet use behavior of motorcyclists in Karachi,
Pakistan. It determines the significant factors affecting the helmet use in Karachi (Pakistan) and recommending
effective campaignmeasures to promote helmet use. It is vital in relation to the exponential growth ofmotorcycle
users and poor enforcement of traffic rules. Repeated cross-sectional data collected before (n = 226) and after
(n= 277) the helmet use enforcement campaign is analyzed using univariate and non-parametric classification
and regression tree (CART) techniques. A significant number of motorcyclists do not hold a driving license
and CART analysis highlighted the significance of this variable along with exposure to the road environment
(measured as daily usage ofmotorcycle) to explain helmet use. Campaign effects are found temporary, therefore,
serious efforts are required to design coherent and structured awareness and enforcement programs.
© 2018 International Association of Traffic and Safety Sciences. Production and hosting by Elsevier Ltd. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

More than a million fatalities are recorded each year worldwide due
to road accidents and the number of injuries exceeds twenty to fifty
times the value of fatalities. Majority of these accidents are associated
with middle to lower income countries [1]. Motorcycle drivers have
been reported to have highest disabilities' rates due to road accidents
among all other road users [2–5].

Pakistan is no exception to the global trends in road traffic accidents
[6]. Karachi, being the economic hub of the country, has experienced
consistent growth in population [7]. During the last decade, the public
transport system of the city has almost collapsed due to the negligence
and inappropriate policies of authorities [8,9]. The situation resulted in
the exponential growth inmotorcycle registration which has been dou-
bled since year 2010 [10] and share of motorcycles vary in between 30
and 40% in all major road streams of Karachi [11,12]. This causes an in-
crease in the rate of accidents, with the annual number of accidents ex-
ceeding 26,000, having vehicle involvement of N35,000 [13]. The
situation is quite worse in relation to the enforcement of traffic laws
and regulations [14]. Despite the revisions made in traffic law violation
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fines in the year 2015, penalty amounts are still significantly lower. Ad-
ditionally, corrupt practices of enforcement officers have resulted in low
levels of traffic rules compliance which has causes increase in traffic
ticket fixing and consequently road crashes [15,16].

Studies done in two major cities of Pakistan (Lahore and Karachi)
show that N50% of motorcycle accident related injuries are severe/
fatal. These studies also showed that severe head injuries can be re-
duced by at least 4% by wearing helmets [17,18].

Despite proven benefits and existence of necessary legislation, lack
of helmet use is a common phenomenon in developing economies
[19].Moreover, a brief review of the literature shows that use of the hel-
met in Karachi, i.e. approximately 7%, is way behind other neighboring
countries [18]. Use of helmet has been reported approximately 70% in
the major cities of India [20,21] and approximately 90% in China [22].
Possible reasons for not wearing helmets could be; lack of understand-
ing related to the behavior of riders for helmet use and inefficiency of
awareness/enforcement campaigns. This study addresses these issues
by utilizing CART analysis to investigate the riders' behavior and pro-
posing effective campaign strategies. Latter objective has been fulfilled
by understanding the local riders' perception about the campaigns and
study of successful international campaigns. The main focus of the pro-
posed campaign strategies has been towards developing countries.

This study presents employs statistical tests andmodel to determine
the factors affecting helmet use in Karachi including the effect of an en-
forcement campaign. The findings of the study are combined with the
results from other studies, done in other developed as well as
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developing countries, to recommend effective campaign measures. A
detailed analysis of the datasets collected before and after helmet use
enforcement campaign conducted in Karachi has been carried out and
a detailed account of the efficacy of such campaign is provided. The
paper is structured as follows; Section 2 provides the detailed account
of literature in relation with helmet use behavior in developing coun-
tries, Section 3 describes the awareness campaign conducted in Karachi,
along with the methodological aspects of repeated cross-sectional sur-
vey, Section 4 analyses the data by using univariate and CART tech-
niques and also discuss effectiveness of enforcement campaign, which
is then followed by the concluding remarks.

2. Helmet use behavior: lessons from literature

Studies in relation to developing countries used a variety ofmethods
such as observingmotorcyclists, questionnaire-based survey andmixed
methods. Majority of these studies are cross-sectional and only a hand-
ful of studies exist that compare helmet use behavior in the longer time
frame or determine the efficacy of different interventions by analyzing
before-and-after situations. This section provides a brief account offind-
ings of these studies.

2.1. Cross-sectional studies

Observational studies (data collected by observing or extracting
from video recordings from various locations) can only capture a few
variables to correlatewith helmet use behavior. However, they are accu-
rate in estimating statistics regarding helmet use compared to the self-
reported questionnaire-based survey studies [23]. Ackaah and Afukaar
[24], Akaateba et al. [25] and Zephaniah et al. [26] observed the low
use of the helmet for passengers (pillion riders) compared to drivers
in African cities. Additionally, they also observed that helmet use was
low among young riders and in areas outside the city compared to the
core city areas (potentially, due to the higher surveillance). Ledesma
and Peltzer [27] in the city of Mar del Plata (Argentina), found that gen-
der (more likely females), weather (more likely during rain) and the
spatial location (more likely in the core city area) are explaining the
choice of wearing a helmet. They also noted that the type of motorcycle
(in terms of power and engine capacity) is also a strong determinant of
helmet use.

Questionnaire-based interview studies were mainly conducted at
the road-side. They can provide a rich set of variables to correlate with
helmet-use behavior, however, due to the self-reported response for
helmet use the results can be biased. Sreedharan et al. [28], for Kerala
(India) concluded that helmet use is governed by gender (males are
more likely to wear helmets), marital status (married persons are
more likely to wear helmets), alcohol use (drunk drivers are less likely
to wear helmet) and positive opinion of individuals towards laws. In
contrast to this, Khan et al. [29], Oginni et al. [30] and Roehler et al.
[31] reported that age, marital status, knowledge of helmet laws, educa-
tion and alcohol use did not differ between users and non-users of hel-
met, however, non-users listed physical discomfort and limited vision as
major barriers for non-compliance. Female pillion riders in developing
countries also cited physical discomfort for not wearing a helmet
[32,33]. Faryabi et al. [34] reported physical discomfort that contains
the heavy weight of the helmet, feeling of heat, neck pain, suffocation,
movement of head and neck as the main barriers of helmet use
among Iranian motorcyclists.

Someauthors adopted amixedmethod approach (combining two or
more methods together). Siviroj et al. [35] and Hung et al. [36] in their
study for Thailand and Vietnam respectively, concluded that young
age individuals and teenagers are less likely to wear helmets. Further,
lack of enforcement during night times and at local streets are major
reasons for not using a helmet. Karuppanagounder and Vijayan [37]
for an Indian city Calicut, noted a significantly high use of the helmet
for drivers (i.e. around 80%), however, drivers cited their main reason
to wear a helmet is the fear of being stopped by the police.

Aghamolaei et al. [38] and Ghasemzadeh et al. [39] collected data for
male riders in Iranwithin the framework of Theory of Planned Behavior
(TPB) and correlated individual perception, attitude and values with
their helmet use behavior. Their study revealed that perceived behavior
control (i.e. individual perception to use helmet from easy to difficult)
was found significant in explaining their intention to use it. Their
study also mentioned that motivational and nudging factors were posi-
tively correlatedwith helmet use, which suggests that social, health and
education campaigns may improve helmet use among riders.

All studies reported in this subsection are based on the cross-
sectional data and reported analysis in univariate or multivariate
forms to identify key factors. Findings from some studies are supporting
each other, however, variation exists in terms of the significance of a
particular variable in explaining the helmet use. Therefore; policies, en-
forcement and awareness campaigns should be made in correspon-
dence with the local norms and behavior.

2.2. Longitudinal and before-and-after intervention studies

Longitudinal and before-and-after intervention studies are scarce in
developing countries for helmet use behavior. However, these are vital
for understanding the efficacy of different laws, measures and long-
term training programs. Bao et al. [40] analyzed the trend of helmet
use in two provinces of Vietnam for four consecutive years (i.e. 2011
to 2014). They found mixed results and not able to distinguish the
exact causes of the changes in the helmet use. In contrast to this, an ear-
lier study from Nguyen et al. [41] found that helmet use was increased
from 40% to 92% at various locations due to the introduction of manda-
tory helmet use law. Kim and Klaric [42] reported helmet use rate for
the year 2014 (when a helmet use law was revised in Cambodia),
2015 (pre-enforcement) and 2016 (post-enforcement). In January
2016, a strict enforcement campaign was launched, and the post-
enforcement data suggested an increase of 17.2 percentage points in
helmet use. The paper does not provide any details of the enforcement
program. Ratanavaraha and Jomnonkwao [43], investigated the effects
of a community participation program to encourage helmet use for
the three districts of Amphur province in Thailand. They observed an in-
crease of 13% helmet use after the intervention. It is not indicated in the
paper that whether such programs have long-lasting effects. A review
study [44] for Southeast AsianNations indicated that helmet use legisla-
tionwas effective, however, strict enforcementmeasures are also neces-
sary to create a significant impact. This study presents the experience
observed in Karachi city (Pakistan) for a strict official enforcement cam-
paign of helmet use that lasted for two weeks.

3. Study methodology

3.1. Enforcement campaign for motorcycle helmet use

Helmet use law exists in Pakistan since 1965. In 2015, due to the sig-
nificant increase in traffic accidents and rise in motorcycle use in urban
areas, authorities made significant revisions in traffic rules and fines.
Wearing of a helmet was made mandatory from 8th June 2015 for
drivers as well as pillion riders of the motorcycle. It was done under
the umbrella of Motorcycle Safety Ordinance and imposed with an in-
creased fine of PKR 150 for riders not wearing helmets (http://www.
thenews.com.pk/May 26, 2015). To complement this law, an enforce-
ment campaign was launched from 9th June 2015. During this cam-
paign, motorcycle riders were stopped and warned by the traffic
police officials for not wearing a helmet for one week and made them
aware of modified regulations. In addition to that, the news was widely
spread from electronic and print media regarding the legislation. After
that week, strict enforcement was made for another one week at vari-
ous points of the city. The campaign was designed in a way that
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enforcement officers were forced to issue a specific number of tickets
per day by intercepting motorcyclists who do not wear a helmet. How-
ever, pillion riders eithermale/femalewas not given any attention. After
two years, in 2017 similar enforcement campaign was arranged in the
second and third week of September. During the enforcement weeks'
helmet wearing compliance was observed high according to the police.
The later period of the campaign is analyzed in this study, as authorities
perceived this method as effective.

3.2. Data collection methodology and analysis methods

Data for this study were collected using a mixed methodology
within a repeated cross-sectional survey framework. Due to limited
monetary resources available to conduct this study, we did not opt for
more detailed survey methodology that may use longitudinal approach
(i.e. same participants before and after the helmet reinforcement cam-
paign). It is not easy to get commitment from all participants that
were interviewed at before campaign stage, for the follow-up survey
(i.e. after campaign) as it may require more time to complete the
study. Furthermore, it is also not an option to handover the second
stage questionnaire to the participants at the time of first interview, so
that they can provide responses at some time period in future by mail-
ing back to us. This is partly because the enforcement campaign itself
was not clear at the time of first interview (many details were not
known about enforcement methods), which require necessary adapta-
tion of the questionnaire at second stage of interview. Additionally,
the response rate from the participants in mail-based surveymethodol-
ogy is also noted to be very poor. However, attempt has been made to
develop a detailed survey questionnaire considering the factors men-
tioned in the previous studies for a road-side interview method. These
are related to determining respondents socio-demographic/economic
attributes such as age, income,marital status, holding of license, etc. Ad-
ditionally, the questionnaire also included questions in relation to de-
termining travel habits and driving experience of respondents e.g. the
daily number of trips, trips lengths, fuel consumption, helmet stolen
and accident experience in the past. Refer to Table 1 for more details.
The survey conducted at six major parking locations near shopping
malls, restaurants and hospitals in the city before and after the enforce-
ment campaign at the similar time of day (i.e. morning/afternoon and
night periods). All respondents were male drivers of the motorcycle,
as pillion riders (eithermale/female) do notwear helmets at all in Kara-
chi [26]. Respondents were selected using systematic random sampling
at each parking location i.e. every 5th motorcycle driver is selected for
Table 1
Variables collected during the survey.

Variable Type

Age Continuous
Education Discrete (0 for below matric; 1 for matric; 2 for

intermediate; 3 for graduation and 4 for masters)
Single – married Discrete (0 or 1)
Monthly income Continuous
Driving license holder Discrete (0 or 1)
Number of years since
driving license is obtained

Continuous

Daily number of trips Continuous
Trip length b 5 km Discrete (0 or 1)
Trip length 5–10 km Discrete (0 or 1)
Trip length 10–15 km Discrete (0 or 1)
Trip length N 15 km Discrete (0 or 1)
Fuel consumption Continuous (PKR)
Experienced minor accident Discrete (0 or 1)
Experienced severe accident Discrete (0 or 1)
Helmet stolen Discrete (0 or 1)
Interview time-of-day Morning 1; afternoon 2; night 3
Response collection moment Discrete (0 for the response collected before

Campaign; 1 for the response collected after
Campaign)
the interview. Wearing of a helmet is determined for respondents
based on the observation during the interview process. However, re-
spondents were also asked to state the frequency at which they wear
a helmet. The analysis reported in this study is based on the regular
usage of the helmet. The after-enforcement survey questionnaire had
some added questions on opinions for encouraging helmet use and
how to make enforcement campaign more effective (see Tables 5 and
6). Relevantmotorcycle conditions such as the existence of sidemirrors
and arrangement to secure helmetwith the vehicle in parking condition
were also observed. The after-enforcement campaign survey was con-
ducted in the second week of October 2017, almost three weeks later
to get a clear picture on long-lasting effects of the campaign. Before en-
forcement survey was conducted in the last week of June 2017. In total,
246 respondents were interviewed in the before enforcement cam-
paign, out of which 226 were found appropriate for analysis. After the
enforcement campaign, 288 respondents were interviewed, within
which 277 were found appropriate for analysis. In overall, a repeated
cross-sectional sample included 503 respondents. Orsi et al. [45] consid-
ered aneven smaller sample size in their study to represent the rider be-
haviour. Moreover, in a study related to CART analysis [46], a sample
size of around 400 respondents was considered sufficient to estimate
a model with N10 variables.

Univariate analysis and CART approaches were used to analyze col-
lected data. Univariate analysis was applied by employing a t-test for
different variables collected in this study between the two groups
(helmet wearing and non-helmet wearing helmets in this case). The t-
statistic for the continuous variable was calculated as per Eqs. (1) and
(2) and for categorical variables Eqs. (3) and (4) were used as indicated
in [52].

t ¼ x1−x2ð Þ=Sy ð1Þ

Sy ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S1
N1

þ S2
N2

s
ð2Þ

t ¼ p1−p2ð Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p 1−pð Þ 1

N1
þ 1
N2

� �s
ð3Þ

p ¼ y1 þ y2
N1 þ N2

ð4Þ

where;x1 andx2 were themeans of group 1 and 2, S1 and S2 are the stan-
dard deviations of the two groups and N1 and N2 are the number of re-
spondents in each group. p1 and p2 are the proportions in two groups,
for example, a proportion of singles (marital status) wearing and not
wearing helmets. y1 and y2 represent the count in the respective
categories.

In previous literature,mainly logit regression analysis has been used,
which is a parametric method and require assumption regarding
the underlying distribution of the data. The CART is a nonparametric
technique, and the model can use the same variable more than once
at different stages of the tree that helps uncover complex interdepen-
dencies between considered variables [47]. In comparison with regres-
sion analysis, the CART can handle multi-collinearity problems in the
datamore appropriately. The CARThas been used extensively for under-
standing and predicting consumer behavior and also in road safety re-
search (i.e. car seat belt use) [46], however, to the best of our
knowledge, it is not used for understanding helmet use behavior. A bi-
nary classification tree model is developed, and in order to measure dif-
ferences in helmet use behavior before and after the campaign, a
discrete variable representing a response collected before or after the
campaign was used among other variables. Raffalovich & Chung [48]
also suggested interacting response collection moment variable with
other key variables while building an empirical model, to see if other
variables get more or less important as predictors of helmet use with
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respect to response collection moment. In this regard as well, CART is
more appropriate as the algorithm which is able to detect these inher-
ent relationships and dependencies within the data to place a particular
variable in the tree to make a classification. The CART analysis uses the
recursive partitioning to create a tree from the data space and fitting a
simple prediction model within each partition. The splitting of the
nodes is based on the Gini index node impurity criterion, where each
split maximizes the decrease in impurity [47]. For more explanation
on this, readers can refer to [47,50,51].

4. Results

4.1. Univariate analysis

Univariate analysis between the two groups (helmet wearing and
non-helmet wearing) collected before and after the enforcement cam-
paign is performed separately. t-tests were performed to compare the
means and proportions for the before and after campaign data. Table 2
presents the results of this analysis.

Almost similar % of regular helmet users are found in before (48%)
and after campaign (46%) data. During the campaign, authorities re-
ported around 80–90% compliance but soon after two weeks, the effect
seems to be diminished. The Same observation has been shown in
Vietnam for a similar enforcement campaign [40]. Holding a driver li-
cense, years passed after obtaining a driving license, Helmet stolen and in-
volvement in a severe accident are found significant in both data sets. It is
clearly evident that there exist drivers of a motorcycle in the city who
even do not hold a valid license. This situation is resulted due to the
poor public transport system which forced commuters to use the mo-
torcycle. Furthermore, riders who have valid a driving license are
also law-abiding, as they have more tendency to wear a helmet.
Table 2
Univariate analysis for data collected before and after Helmet enforcement campaign.

Variable Statistic Before campaign

helmet wearing Non-he

Total respondent Count 110 116
Age Average 27.35 23.46

Std. deviation 9.40 7.62
Range 18–53 16–60

Education: less than matric Count 5 4
Education: matric Count 10 16
Education: intermediate Count 50 34
Education: graduation Count 36 51
Education: masters Count 8 6
Single Count 64 89
Monthly income Average 22,953.30 17,567.

Std. deviation 13,491.62 11,207.
Range 5000–90,000 0–50,00

Driving license holder Count 76 49
Not holding a driving license Count 34 67
No. of years since driving license is obtained Average 7.45 5.81

Std. deviation 5.98 5.67
Range 1–8 0.5–40

Daily number of trips Average 3.58 3.35
Std. deviation 5.06 2.53
Range 1–35 0–18

Daily Trips length b 5 km Count 23 32
Daily Trips length 5–10 km Count 31 30
Daily Trips length 10–15 km Count 21 24
Daily Trips length N 15 km Count 28 25
Fuel consumption Average 136.18 113.94

Std. deviation 95.28 79.45
Range 30–200 20–500

Helmet stolen Count 34 18
Severe accident Count 6 21
Interview time-of-day (Morning/afternoon) Count 75 85
Interview time-of-day (night) Count 30 36

a Significant at alpha = 0.05.
b Non-significant at alpha = 0.05.
Additionally, those who have more experience of driving a motorcycle
after obtaining a driving license are more inclined to wear a helmet.
This signifies that helmet use is more related with the law-abiding na-
ture of an individual along with the character building opportunities
an individual got with the passage of time. Some individuals have
been a victim of helmet stealing events, however, interestingly victims
of such events are persistent with the use of a helmet. Involvement in
severe accidents (i.e. admitted in the hospital for at least three days)
in relation with a motorcycle is also important to explain helmet use,
however, the insignificance of this in the before campaign data may
be attributed to low representation of such individuals.

The average number of daily trips has been found significant in after
campaign data. It should be noted that in before campaign data, helmet
wearing group and non-helmet wearing group have an average daily
number of trips N3, however, in after campaign data the difference be-
tween the two groups is larger, and those performing a lesser number
of trips tend to wear a helmet regularly. The daily number of trips is
found as an important variable in the CART analysis presented in
Section 4.2, where more details are discussed in relation with this vari-
able. Age,marital status andmonthly income have been found significant
in the before campaign data, however, these variable are insignificant in
the after campaign data. A closer look at the statistics of age and
monthly income indicates that differences in themeanvalues are higher
between the two groups of the before campaign data in comparison
with the after campaign data. Respondents with highermonthly income
and age have a tendency to wear a helmet more regularly. This is in line
with the findings of previous studies. Single individuals have lesser re-
sponsibility and pressure from immediate family members, therefore,
may have a tendency to not wear a helmet as indicated from the before
campaign data. In terms of proportion, the trend is similar in the after
campaign data as well, and the insignificance of this variable may be
After campaign

lmet wearing Significance helmet wearing Non-helmet wearing Significance

N/A 129 148 N/A
Sa 26.66 25.78 N/Sb

7.49 6.89
15–52 16–55

N/S 1 1 N/S
N/S 31 33 N/S
S 58 74 N/S
N/S 26 34 N/S
N/S 10 6 N/S
S 93 117 N/S

31 S 19,518.03 22,693.33 N/S
07 18,978.08 13,585.54
0 0–80,000 0–70,000

S 67 42 S
S 62 106 S
S 7.26 5.71 S

6.57 4.56
0–35 1–25

N/S 2.16 3.32 S
1.43 3.99
0–6 1–30

N/S 35 40 N/S
N/S 41 44 N/S
N/S 18 28 N/S
N/S 33 36 N/S
N/S 124.75 145.38 N/S

99.12 90.15
37–500 50–500

S 23 13 S
S 59 48 S
N/S 90 102 N/S
N/S 45 42 N/S
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due to slightly over-representation of single individuals in the after cam-
paign data.

4.2. CART analysis

In order to develop a CART model, both data sets (before and after
the campaign) are pooled together, with an additional dichotomous
variable that represents the data collection moment. All variables in
Table 1 are used to construct an optimal CART tree shown in Fig. 1.
The model was developed to predict the choice of motorcycle driver/
rider to wear helmet. Each terminal node of the tree is depicting the
probability (p) of wearing a helmet. It also shows the number of obser-
vation contained within the leaf. The tree is generated with 2/3rd ran-
domly drawn dataset and the remaining data set is used for testing.
The overall model prediction accuracy is around 75% which is under ac-
ceptable range (see Table 3 for more details). Coincidently, test dataset
shows a slightly better accuracy than learningwhich could be attributed
to the randomness of selecting samples for learning and testing
datasets.

Driving license, the daily number of trips and age are key splitters in
the classification tree. Holding a driving license is the single best vari-
able to classify helmet wearing behavior, as the initial split of the tree
at node 1 is based on this variable. This depicts that individuals who
have a law-abiding nature have different behavior towards wearing a
helmet. This is also found true in studies from India [26] and the US
[53]. Dummy variable representing the data collection moment has no
role in the tree which indicates that the enforcement campaign was
not able to bring any significant change in the helmet use. Those who
have a driving license and perform 7 or fewer trips in a day aremore in-
clined to wear a helmet (see Terminal node 1, where p= .88). Further-
more, those who have driving license tend to perform the higher
number of trips in a day. After the daily number of trips, age becomes
the key splitter among the license holders. Among those, younger
than 20 years' individuals have only 37% chances of wearing a helmet
which is significantly lower compared to their counterparts (age
N 20 years) where chances of helmet use were 72% (see terminal node
2 and 3). This shows that with the increase in age, motorcycle drivers
Fig. 1. The output
become more sensible and start wearing a helmet. The same observa-
tion is also made in the study by Ackaah and Afukaar [24] for Ghana
and Bao et al. [40] for Vietnam. Therefore, it is required to target youth
more significantly in the awareness and enforcement campaigns.

The situation isworse on the other handof the CART tree as there is a
significant number of motorcyclists who even do not hold a driving li-
cense. This is reflecting a seriously deteriorating condition of enforce-
ment from traffic police as mentioned in Section 1. As per legal
practice, if these individuals get caught by the traffic police, theirmotor-
cycles should be seized and the drivers should be arrested. However,
drivers can get away with such situation easily on the spot after paying
some amount to the officer. Due to this reason acquiring a driving li-
cense is not considered by many motorcyclists as an utmost require-
ment. The daily number of trips again here is found as the second best
splitter in the tree. Those who are performing lesser trips (i.e. b2) tend
to wear a helmet more compared to their counterparts (see terminal
node 4, p = .62). On further investigation, it is found that these are in-
dividuals whose daily trips length is N10 km (i.e. higher exposure to
the road environment). This observation is found concurrent with the
previous literature [36]. The next split is also based on the same variable
indicating a complex interaction of this variable. Those who are
performing a significantly large number of trips in a day (N9) are more
inclined to wear a helmet (see terminal node 5, p = .63). Regular use
of helmet from these individualsmay be attributed to disguise the traffic
police (i.e. to have one less reason for the enforcement officers to inter-
cept them). Among riders who do not have the driving license and their
daily number of trips are in between 2 and 9, there are only 26% chances
of them being regular helmet users (see terminal node 6, p = .26). The
examination of their daily trip length indicates that most of their trips
are short distance trips. Lower exposure to road environment could be
the main motivation for them to avoid helmet, as carrying of a helmet
for small distance trips could be burdensome.

Further exploration of the characteristics of motorcyclists who are
not holding a driver license indicated that 68% have education level till
intermediate (Grade 12) or lower and 77% of them are single. Further-
more, their average age is around 25 years with a high standard devia-
tion, which indicates the representation of all age groups. Lower
of CART tree.



Table 3
Prediction results of the CART analysis.

Learning data (N = 324) Testing data (N = 179)

Observed Predicted Correctly predicted Observed Predicted Correctly predicted

Helmet users 162 155 127(78.3%) 77 82 62(80.5%)
Non-helmet users 162 169 120(74.1%) 102 95 75(73.5%)

The overall accuracy for learning data is 75.2% and for testing data is 76.4%.
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education level and low sense of responsibility towards their families
may have a pivotal role in shaping their prejudiced attitude towards
traffic laws.

While comparing the results of the study with the previous litera-
ture, it was found that the previous studies have mainly depended
upon the univariate analysis in which interdependencies of the vari-
ables cannot be detected. Furthermore, studies investigating the effects
of socio-cultural factors and enforcement/awareness campaign, simul-
taneously, on helmet usage have not been found. This study addresses
these gaps, to some extent, in the aforementioned analysis. Therefore,
some of the above-mentioned observations seem unique to this study
such as the effect of age and number of daily trips. In order to further
validate and analyzed the robustness of the obtained CART tree, we
adopted a methodology by developing CART tree multiple times (10
times) with different sample of learning dataset (selected randomly).
We also measured the accuracy of predictions using the remaining
test dataset. However, the proportion of learning and testing datasets
was kept same as used to develop CART tree presented in Fig. 1 (this
is to ascertain that the minimum sample requirement to develop
CART model is intact). The results observed are mentioned in the fol-
lowing points:

• The variable driving license has been found a major factor in deter-
mining the helmet wearing behavior every time the CART tree has
been developed with a different random sample of the learning
dataset.

• Number of daily trips and age have been found other important factors
in splitting up the tree further. There are no other factors emerged in
the alternative trees that may explain helmet wearing behavior.
Therefore, it is quite evident that any combination of the collected
data will render three factors (driving license, number of daily trips
and age) to explain the helmet wearing behavior of riders.

• Slight variations have been noted in the shape of the alternative CART
trees (i.e. their branching) in relation to the number of terminal nodes
and non-terminal nodes. However, it is found that the reported tree in
Fig. 1 is optimal as it contains the minimum number of nodes (11)
compared to other alternatives. The highest and lowest number of
nodes are found as 19 and 11 respectively. More variation is noted
at the lowest levels of CART trees. This is due to the small variation
in the training dataset that may result in different splits of nodes.
Table 4
CART Tree development with different learning samples.a

CART tree
no.

Number of
nodes

Overall accuracy
(Learning)

Overall accuracy
(Testing)

1 13 73.1% 72.3%
2 15 71.1% 69.3%
3 13 73.9% 73.6%
4 15 72.1% 69.9%
5a 11 75.2% 76.4%
6 19 70.2% 66.3%
7 17 72.4% 67.1%
8 14 74.3% 68.3%
9 15 73.6% 68.2%
10 13 75.8% 69.2%

a CART tree presented in Fig. 1.
• Table 4 provides these results for all 10 CART trees along with their
prediction accuracies for learning and test datasets. All trees have ac-
curacies similar to each other for their respective learning datasets.
Lowest accuracies for test dataset are found in trees that contains a
large number of nodes. It can be noted that the tree reported in
Fig. 1, is tree number 5 reported in Table 4.
The sensitivity analysis presented here indicates that the CART ap-
proach can be slightly sensitive with the different sample of learning
dataset in relation with branching and number of nodes, however, the
approach is able to determine significant relevant factors quite well to
describe certain behavior, as found in our case. Similar findings are
also reported in other studies [49,57].

4.3. Campaign effectiveness

In relation to the enforcement campaign, it is quite evident that the
effects are temporary and there are no significant changes in the way
drivers are behaving. A few contextual notions of such campaigns are
mentioned below:

1) There exists a lack of trust between the citizens and authorities. Cit-
izens perceived the enforcement campaign as an act that helps au-
thorities to make more money from the citizens by issuing a
significant number of challans/ticket on traffic violations [15,16].

2) Enforcement campaigns are one-off events, which lasts for two to
three weeks. There is a significant lack of consistency in the continu-
ity of such campaigns.

3) Penalty on traffic violations is significantly low, despite the recent
raise it can still be considered too little in comparisonwith the traffic
violation penalties in developed countries.

4) Little or almost no involvements from various key stakeholders in
the safety campaigns. For example; involvement of corporate sector,
business developments, key society persons and celebrities.

5) Awareness campaign often adopted in developed countries such as
the UK, which is focusing on educating the riders have been found
to have amore sustained effect than the enforcement campaigns ap-
plied in developing countries such as Pakistan and Vietnam [40,54].
Moreover, campaigns with positive interventions, such as providing
free safety equipment (vests, helmets) have also been found to have
effects sustained over a longer period [55,56].

Tables 5 and 6 present the compiled results of the added questions
asked during the data collected after the enforcement campaigns. Re-
spondents are asked to provide a response on a Likert scale (1–5)
about each question. Table 5 provides the distribution of individual's re-
sponses for various reasons that may contribute to their non-
compliance towards helmet use. % N25 on a particular scale is shaded
to highlight the importance of a particular reason among motorcycle
riders. Non-regular helmet users have awareness regarding the advan-
tages of the helmet as 96% reported strong agreement on that. Hot
weather, vision and hearing problem while wearing a helmet are cited
by N50% of individuals. In support of this, N50% of individuals have
agreement on the issue that helmet design needs to be improved. Ac-
cording to our observations, 95% of the motorcycles are not equipped
with the side mirrors. Interestingly, the burden of taking care of helmet
has been cited by almost 70% of respondents. Respondents also



Table 5
Reasons for non-compliance towards helmet wearing – Responses distribution in %.

Reasons for non-compliance
towards helmet wearing

Likert scale

Strongly
agree

Agree Mixed Disagree Strongly
disagree

Helmet can save life and serious
brain injury

96.0 3.0 1.0 0.0 0.0

Helmet is costly 5.3 9.3 20.5 42.5 22.4
Vision problem 24.5 30.5 32.6 8.3 4.1
Hearing problem 15.3 34.6 40.2 14.1 5.8
Problem in breathing 4.2 23.6 20.4 30.3 21.5
Due to hot weather 19.5 32.6 31.5 14.6 1.8
Physical appearance disturbed
(hairs etc.)

7.8 19.3 20.5 42.5 22.4

Feels headache 1.6 10.6 16.8 45.4 25.6
Helmet is heavy 3.5 14.5 25.2 32.8 24.0
Overall design of helmet is
improper

10.6 39.7 23.6 15.9 10.2

Problem in carrying helmet and
its security

36.5 33.3 19.5 8.3 2.4

Traffic ticket/challans fixing and
no strict enforcement

26.4 36.4 16.4 12.3 8.5
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indicated that negligible enforcement and fixing of traffic tickets/
challans on the violation is also one of the reasons for not wearing a
helmet.

Table 6 provides the distribution of individual responses on their
opinions to make enforcement and awareness campaigns more effec-
tive. Some of the opinions are already listed in the questionnaire, and
users are also asked to give any other opinions they thinkmight be nec-
essary. For each opinion, users have responded on a Likert scale of 1–5.
Similar opinions from the users are grouped together and finally, a list of
13 items is prepared. Majority of the opinions can be categorised under
hard interventions such as higher penalty, periodic enforcement (every
3 or 6 months), legislation for improved design of motorcycle (i.e. con-
taining helmet box, side mirrors, alerting sensors) and helmet (i.e. us-
able in hot weather). However, at the same time, respondents also
highlighted the importance of structured informational campaigns.
These opinions indicate that strategies comprising only the enforce-
ment campaigns will not be effective.

5. Discussion

The univariate analysis does not indicate any significant change in
helmet use that can be considered as the effect of the campaign. Some
noted differences in significance or insignificance of fewvariables in col-
lected data before and after the campaign can be easily attributed to the
minor differences in representation of specific groups of the population.
This is true in case of variables such as age, monthly income, marital
Table 6
Opinions for making Campaigns more effective – Responses distribution%.

Opinion for making campaign more effective and promoting helmet use

Distribution of free helmet
Higher penalty charges for non-compliance
Periodic enforcement campaign (every 3 or 6 months)
Periodic awareness programs/advertisements using digital media including messages from
Legislation for design of motorcycle with helmet box
Employer-based incentive programs for regular users of helmet
Inclusion of key society persons/celebrities in Awareness campaign
Steps for improving traffic police attitudes/behaviour towards general road users
Use of new technologies for strengthening enforcement
Youth awareness programs in high schools/colleges and universities
Steps towards improving helmet designs, making them more efficient and affordable
Mandatory legislation and enforcement for side mirrors provision in motorcycle
Use of advance sensors in motorcycle to integrate helmet wearing alert system, which rem
engine starts (like seat belt alert system in Cars)
status and daily travel habits. However, it is noticed that variables
representing drivers' responsible nature and his experiences such as
holding a driving license, years passed holding a driving license, helmet
stolen and accident experience are more vital in explaining helmet use.
CART analysis further strengthened this argument where themajor fac-
tor distinguishing the helmet usewas found as holding a driving license.
This is a distinct finding in comparison with earlier studies in which re-
searchers emphasized the importance of socio-demographic, economic
and travel habits related variables. This finding is not in conflict with
earlier studies, however, it emphasized the fact that driver's sense of re-
sponsibility, his attitude towards traffic law are more directly related to
helmet use, and other variables have the secondary role i.e. these vari-
ables have more importance in determining the appropriate attitude.
For instance, in studieswhere individuals belong to classes representing
higher age [23–26], higher income and education [25,27,28], married
[28] and higher exposure to road environment and spatial location
[27,35,36,37] showed a significantly higher use of a helmet. Individuals
from such classes may have greater opportunities to appropriately
shape their attitude towards abiding traffic laws and therefore higher
sense of responsibility towards their own safety and others.

It is quite unfortunate that many motorcycle drivers are driving
without holding a valid license and some of them wear a helmet with
an intention to avoid getting caught by the police officials. In relation
to campaign effectiveness, the effect was found temporary. Neither uni-
variate analysis nor CART show any evidence regarding campaign effect
for the helmet use. This gives clear indication that one-off type events/
campaign in such a situation where there is a significant lack of control
on driving and safety conditions are not fruitful and therefore more
sustained approaches andmeasures are required to improve the overall
situation. A study in India, where a helmet is used by around 80% of the
motorcyclist is also due to the strict enforcement [21]. Some of the re-
quiredmeasures to improve the overall situation are highlighted below.

1) Traffic police attitudes and their image need to be improved i.e.more
sense of professionalism need to be shown from them. Fixing of traf-
fic tickets/challans culture need to be stopped at once. Hard mea-
sures need to be taken in this regard immediately such as severe
punishment and dismissal of enforcement officers involved in such
acts.

2) Other strategies such as involvement of corporate sector and large
business developments in shaping programs and incentives for
their employees to encourage helmet use and any violation in this
regard should be considered as misconduct in the work environ-
ment. For instance; assuring that workers entering the premises
and parking lots using their motorcycles should have their helmets
on.
Likert scale

Strongly
agree

Agree Mixed Disagree Strongly
disagree

6.5 12.6 23.4 45.6 11.9
26.5 35.6 23.6 10.8 3.5
35.4 23.5 15.6 12.3 6.2

accidents victims/doctors 40.5 35.6 14.6 7.8 1.5
45.6 33.2 13.6 5.3 2.3
16.8 31.5 30.6 15.6 5.5
12.3 38.2 26.5 13.6 9.4
26.5 28.3 23.5 18.9 2.8
13.5 32.6 23.5 18.2 12.2
12.5 39.4 32.6 12.5 3.0
18.5 32.6 23.5 16.4 9
19.1 26.4 25.4 18.2 10.9

inds riders to wear helmet when 23.4 29.5 27.6 14.7 4.8
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3) Efforts need to bemade tomake digitalmedia based awareness cam-
paigns more effective, such as showing a realistic data, interviewing
victims of incidents in the past and messages from doctors and ce-
lebrities. It is very important that these programs are telecast period-
ically every 3–4 weeks at prime times to keep the subject live in the
minds of people.
6. Conclusions

Based on the analysis and discussion presented in Sections 4 and 5,
both univariate and CART analysis revealed that campaign effects
were only temporary and the behaviour of riders regarding wearing a
helmet is found similar in the repeated cross-sectional data. Holding a
driving license is found a key variable that explained helmet wearing
behaviour in both analyses, which indicate that it is the law-abiding na-
ture of motorcycle riders that influence them to use helmet regularly. It
also reflects on the inefficiency of the enforcement agencies that drivers
of motorcycle do not hold a valid license. The analysis indicated that ed-
ucation, marital status and income, which are found in some previous
studies as main determinants of helmet wearing behaviour, are not
found directly significant in explaining helmet wearing behaviour of
Karachi's motorcycle riders. The number of trips in a day which can ex-
plain the exposure of motorcycle riders to the road environment was
found as another key variable. Motorcycle riders tend to wear a helmet
when they are more exposed to the road environment. However, non-
holders of driving license may use the helmet to disguise police author-
ities to avoid unpleasant circumstances/conflict with them. CART analy-
sis has been found an appropriate methodology and the results are
providing more insights to analyze helmet wearing behaviour com-
pared to the univariate analysis. Despite the advantages offered by
CART analysis such as; handling of multicollinearity, no requirement
on the model functional form and easiness in understanding the vari-
able interactions, the results may be subjected to instability if the con-
text is changed slightly. Therefore, further exploration is required to
investigate the helmet behaviour from other non-parametric data min-
ing techniques e.g. neural networks.

It is noted that non-compliance towards helmet wearing is due to
the corrupt and non-strict enforcement from the authorities. Non-
periodic and unstructured enforcement campaigns as analyzed in this
study are not able to render fruitful results. Additionally, the burden of
carrying a helmet, vision and hearing problem and hot weather are
major reasons because of which helmet is not worn regularly by the
riders. Majority of the respondents have an opinion that strict enforce-
ment along with high penalties and improved motorcycle design (side
mirrors and helmet box) will increase helmet usage. Additionally, strict
enforcement needs to be coupled with awareness campaigns and these
programs should follow a coherent structure that allows continuity over
a longer period of time to achieve the road safety goals.
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