<@ sustainability

Article

The Use of Mobile Phones and Other Unsafe Behavior While
Cycling in the Metropolitan Area of Mexico City

Jaime Santos-Reyes *, Yareli Pastenes-Medina and Diego Padilla-Pérez

check for
updates

Citation: Santos-Reyes, J.;
Pastenes-Medina, Y.; Padilla-Pérez, D.
The Use of Mobile Phones and Other
Unsafe Behavior While Cycling in the
Metropolitan Area of Mexico City.
Sustainability 2023, 15, 61. https://
doi.org/10.3390/5u15010061

Academic Editors: Kyandoghere
Kyamakya, Jacek Oskarbski

and Miroslava Mikusova

Received: 14 October 2022
Revised: 4 December 2022
Accepted: 14 December 2022
Published: 21 December 2022

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Grupo de Investigacion SARACS, SEPI-ESIME, Zac., Instituto Politécnico Nacional, Mexico City 07738, Mexico
* Correspondence: jrsantosr@hotmail.com or jsantosr@ipn.mx

Abstract: Unsafe behavior while driving contributes to road accidents. The paper addresses cyclists’
risky behavior by employing a questionnaire-based survey to a sample of n = 1136 in the metropoli-
tan area of Mexico City. The main results are as follows: (a) 31.4% and 24.2% of the participants
use a mobile phone for talking and text messaging while cycling, respectively, with males engag-
ing in these unsafe acts more often than females; (b) a high percentage of participants are most
likely to communicate with their parents, through either talking (48.9%) or text messaging (39.6%);
(c) regarding the use of mobile phones for talking/texting (along with social network and gender) as
predictors of a crash/fall while cycling, it was found that a one SD change in the frequency of talking
while cycling increased the odds of a crash/fall by a factor of 1.198, as did a one SD increase in the
frequency of texting by 1.232, while gender contributed to the outcome but not the individuals to
whom cyclists talk or text; (d) cycling “without holding the handlebars” contributed significantly to
the outcome. An education campaign or legislation enforcement (or both) may be needed to prevent
single-bicycle crashes related to this unsafe act.
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1. Introduction

Cycling may be regarded as the most important mode of nonmotorized transport.
Moreover, cycling is not expensive and contributes to a reduction in pollution emissions and
energy consumption compared to motorized transport systems [1-5]. However, the number
of cyclist fatalities has increased, as has the number of serious injuries due to an increased
number of single-bicycle crashes (SBCs) [2,3,5]. In the present study, the widely used
definition of SBCs was adopted, i.e., falls or obstacle collisions (all crash types in which
only the cyclist is involved, including talking to other cyclists; in the subsequent sections,
the terms “crash/fall” and “fall/crash” are used). The crash type was characterized in
relation to [5] physical infrastructure (road type and surface), cyclists’ riding behavior (or
unsafe acts, e.g., doing a “wheelie”), bicycle malfunction, and others (e.g., cyclists” age
and gender).

The present study addresses riders” unsafe acts while cycling by considering the use
of a mobile phone (either talking or texting messages), listening to music, smoking, talking
to other cyclists, and riding without holding the handlebars. According to [6], “unsafe acts”
refer to errors and procedural violations arising “from aberrant mental processes such as
forgetfulness, inattention, poor motivation, carelessness, negligence, and recklessness”; in
the present work, “unsafe acts” and “unsafe behavior” are used interchangeably.

1.1. The Use of Mobile Phones While Riding

Modern society is undoubtedly characterized, among other things, by the use of
mobile phones. As of 2022, it is believed that around 67% of the world’s population uses
a mobile phone, with an increase of 1.8% compared to the previous year [7]. Their use
has increased due to their handy nature; they can assist users in not only communicating,
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but also accessing information, regardless of the user’s location. According to [8], nearly
half of teens and parents in Mexico consider themselves addicted to their mobile phones.
However, the use of mobile phones raises the question as to whether society is aware of the
negative effects of their use, e.g., on behavior and communicative practice, in the context of
road safety.

Research has shown that the use of mobile phone, whether it is being used for talking
or text messaging, while cycling makes the rider more vulnerable to collisions [9-14]. For
example, it was found that the use of touchscreen smart phones and traditional keyboard
phones while cycling both exhibited a negative impact on cycling, increasing the risk
of crashes [13]. In general, mobile use while cycling causes cognitive [14], visual [15],
and operational [16] distractions, which in turn affect the rider’s observation, perception,
judgement, and manipulation [12].

An issue that arises in this regard is the persons with whom cyclists talk or text. Social
norms and social networks have been found to be associated with mobile phone use [17-20].
Studies such as [19] have identified social norms among several significant predictors
of distracted driving; furthermore, individuals that witnessed their peers engaging in
distracted driving were more likely to engage in this behavior themselves [19]. In line with
the social network theory, it has been argued that to be able to understand the relationship
between mobile phone use and driving, it is necessary to consider the relationship between
the driver and the person they are communicating with [17], i.e., the social relationship.
The authors found that individuals were more likely to talk or send text messages using
a mobile phone while driving when communicating with those socially closest to them.
However, there are no published studies on this subject in relation to cyclists.

Lastly, it is worth mentioning that “the use of a mobile phone” includes handheld
talking, handsfree talking (whether via speaker or over a headset, which has some (albeit
potentially lower) cognitive demand, whether visual or manual), texting (which has very
intense visual and manual demand), and browsing (e.g., social media browsing, with
intense visual demand but potentially less manual demand). In the present work, the “use
of a mobile phone” implies one or a combination of these tasks.

1.2. Other Unsafe Acts While Cycling

Not many studies have investigated the kinds of unsafe acts considered herein.
Most of the studies on SBCs were related to infrastructure deficiencies [2-5], bicycle
malfunction [3,5], etc. In relation to listening to music, it was found that cyclists that
engage in this act while cycling exhibited more unsafe behavior than those that did not [11].
Moreover, it has been argued that listening to music can make the use of auditory cues
challenging for bicycle riders [21]; for example, engine noises may help cyclists detect
and locate approaching road users and prevent collisions. Regarding interaction with
other cyclists, it was reported that talking with other cyclists led to more unsafe behaviors
compared to not performing a secondary task [11]. The authors of [4] found that 10% of
cyclists had performed evasive actions to prevent collisions when interacting with other
road users.

Overall, a great deal of effort has been directed towards understanding the use of
mobile phones while driving a car or riding a motorcycle, as well as the social relationship;
however, very little research has been conducted to explore this relationship in the context
of bicycle riders. The aim of this paper was twofold: (1) to explore the association of
social networks with mobile phone use for talking and text messaging while cycling;
(2) to identify the factors that contribute to crashes/falls when considering other unsafe
acts while cycling, i.e., listening to music, chatting or talking with other cyclists, smoking,
and riding “without holding the bicycle handlebars”.

In order to achieve the aims of the study, a survey of university students was under-
taken in the metropolitan area of Mexico City. Relatively young individuals were selected as
the target group given their higher propensity to use a mobile phone compared with older
adults [22], along with their greater susceptibility to distracted driving [23,24]. According
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to [25], 35.9% of individuals own a bicycle in the metropolitan area of Mexico City, and 2.2%
use the bicycle as mode of transport at least one of the segments of their trips on a weekday
(3.3% were males and 0.09% females [25]).

The paper is organized as follows. Section 2 describes the materials and methods
employed in the analysis, including the employed survey questionnaire, data collection,
and a brief description of the statistical methods employed in the analysis of the collected
data, e.g., the employ of a binary logistic regression to determine the contributory factors
leading to a crash/fall. Section 3 presents the details of the main results of the analysis.
A discussion of the main findings, limitations, and areas for future research is presented in
Section 4. Finally, Section 5 presents the main conclusions and findings of the study.

2. Materials and Methods
2.1. Binary Logistic Regression

An expected value of a response variable, in a multiple regression, y, is modeled as
a linear function of the explanatory variables:

E(y) = Bo+ Prx1+ -+ Byxg o)

For a binary response taking the values 0 and 1 (crash/fall miss and crash/fall), the
expected value is the probability, p, that the variable takes the value 1, i.e., the probability
of a crash/fall. Given that the observed values do not follow a normal distribution, but
rather a Bernoulli distribution [26], then a more suitable approach is to model p indirectly
via a logit transformation of p, i.e., In|p/(1 —p)], i.e.,

ln(lfp)=ﬁ0+,31X1+"'+,Bqu (2)

The log-odds of crash/fall are modeled as a linear function of the explanatory variables
(e.g., unsafe behavior while cycling). Therefore, in terms of p, the logistic regression (LR)
model can be written as follows:

_exp(Bo+Pixi £+ Boxg)
1+exp(Bo+ P1x1+ -+ Pgxq)

®)

This function of the linear predictor is known as the logistic function. For further
details, see [27].

2.2. Survey Design and Data Collection

The present study is part of a much larger cross-sectional research project related to
accidents in the public transport system in the metropolitan area of Mexico City. The aim
of the present study was to shed some light on the unsafe behavior of bicycle riders. The
employed questionnaire survey was based on one used in a similar study on the use of
mobile phones while riding a motorcycle [28]. Further, the questionnaire was augmented by
the results of the observed risk behavior of cyclists in a preliminary study. That is, members
of the research team spent four days observing cyclists at different times to determine the
kinds of unsafe behavior while cycling, and the results are shown in Figure 1. Hence, the
final version of the questionnaire contained three main sections, i.e., (a) the demographics
of the participants (Section 3.1); (b) a section related to the frequency of unsafe behavior
while riding a bicycle (Table 1 and Figure 1); and (c) the kinds of social networks with
whom cyclists communicate (either talking or text messaging) while cycling (Table 2).
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(d)

Figure 1. The observed cyclists’ unsafe behavior while cycling: (a) talking on a mobile phone;

(b) texting using a mobile phone; (c) listening to music; (d) chatting or talking to other cyclists;

(e) smoking; (f) riding “without holding the handlebars”.

Table 1. Frequency of unsafe behavior (How often do you engage in the following behavior while

cycling?).

Variable

N Min ! Max !

Mean

Median

SD

(a). Use a mobile phone for
making or receiving a phone call
while cycling (Figure 1a)

(b). Use a mobile phone for
texting while cycling (Figure 1b)
(c). Use a mobile phone to listen
to music while riding the bike
(Figure 1c)

(d). Chatting or talking to other
cyclists while cycling (Figure 1d)
(e). Smoking while riding the
bicycle (Figure 1e).

(f). Riding the bicycle “without
holding the handlebars”

(Figure 1f)

1136 1 5

1136 1 5

1136 1 5

1136 1 5

1136 1 5

1136 1 5

1.5493

1.4146

3.1241

2.3838

1.2377

2.2315

1.0

1.0

3.0

2.0

1.0

2.0

1.0045

0.87838

1.5336

1.2539

0.76246

1.3712

11 =Never, 2 = A few times a year, 3 = Monthly, 4 = Weekly, 5 = Daily.

Table 2. Kinds of social networks associated with mobile phone use while cycling.

Variable Measures N (%)
1 = Friend 255 (22.4)
If you use a mobile phone for 2 = Girlfriend/boyfriend/spouse 156 (13.7)
receiving or making a phone 3 = Parent 556 (48.9)
call while cycling, who are 4 = Brother/sister 77 (6.8)
you most likely to talk to? 5 = Colleague 42 (3.7)
6 = Other 50 (4.4)
1 = Friend 286 (25.2)
If you use a mobile phone for 2 = Girlfriend /boyfriend /spouse 181 (15.9)
texting while cycling, who are 3 = Parent 450 (39.6)
ou most likel t(; text? 4 = Brother/sister 114 (10.0)
y Y ' 5 = Colleague 48 (4.2)
6 = Other 57 (5.0)

The questionnaire was administered to university students from 1 January-30 June
2019. Overall, there were 1275 participants in the study; however, the valid sample size
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was n = 1136 after 153 participants were removed due to missing and invalid data re-
sponses (e.g., those who do not own a bicycle). The questionnaire took 5 min to complete.
All the participants completed the questionnaire anonymously and were assured of the
confidentiality of their answers.

2.3. Statistical Analysis

Descriptive analysis was conducted by frequency and cross-tabulation analyses. The
variables related to the frequency of unsafe behavior and the kinds of social network
considered in the study were analyzed by employing Pearson Chi-square tests. One-way
between groups ANOVA analyses were performed when comparing two groups where
the independent variable has several levels. Further, post hoc analyses were conducted by
employing Tukey’s HSD. The selection criteria for the explanatory variables were based on
previous studies (e.g., [28]) and were tested for multicollinearity (see the Limitations section
for more on this). An univariable analysis was conducted before any of the explanatory
variables being considered in the analysis. The Statistical Package SPSS, ver. 25, has been
employed in the analysis of the collected data. All the conducted tests were two-tailed, and
the statistically significant results acceptance criteria were yielded at p < 0.05.

3. Results
3.1. Respondents Characteristics

The sample size of the study was n = 1136. The age range of the participants was
from 14 to 27 years old (M = 19.96; SD = 2.441). Regarding the gender of the participants,
35.2% (400/1136) were females and 64.8% (736/1136) were males. Females appear to be
underrepresented; however, according to a study on the origin—destination conducted in
the metropolitan area of Mexico City [25], 75.5% of the trips in which the bicycle was used
as a mode of transport were made by males.

3.2. The Use of Mobile Phones for Talking & Texting While Riding a Bicycle

Figure 2 shows the frequency data of unsafe behavior (or unsafe acts) and the kinds of
social network with whom cyclists talk and text while cycling. For example, it has been
found that 4.5%, 4.7%, and 3.3% of the respondents engaged in this unsafe act (talking
on a mobile phone) monthly, weekly, and daily, respectively. Further, a relatively high
percentage of university students used the mobile phone “a few times a year” (18.9%).

Never

A few times a year

I 14.5% m Without-holding
18.9%
I 5%

M 26% m Smoking
I 15.8%

11.6%
2%

4.5% m Chatting

I 12.0%
B 18%
Weekly 14.3% Listening

15.6%
Bl 3.7%
4.7%

I 10.1%
B 2.0%
I 7.7%

B 18%
3.3%

Montly

W Texting

Daily 29.8% Talking

Figure 2. Frequency of unsafe behavior while riding a bicycle.
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The results also highlighted that there is a significant association between the gender
of the participants and the frequency of talks while cycling, to the extent that males perform
this unsafe act weekly compared to females, who never do so (x? (4, n = 1136) = 12.932,
p =0.012, Cramer’s V = 0.107) (Table 3). The results also showed that there is a statistically
significant difference at p < 0.05 level in age scores for the six groups related to the social
network university students talk to while cycling (F(5, 1130) = 4.45, p = 0.001). Further, it
has also been found that those who are most likely to talk to “other” (M =20.82, SD = 2.31)
were slightly older than those who are most likely to talk to a brother/sister (M = 19.53,
SD = 2.023), parent (M = 19.76, SD = 2.35), or boyfriend/ girlfriend (M = 20.48, SD = 2.73);
see Figure 3a.

Table 3. Association between gender and the frequency of talking and texting while cycling.

Variable Never A F:v;eTairmes Monthly Weekly Daily Variable Never A sz;e"l;i:nes Monthly Weekly Daily
N (%) o N (%) N (%) N (%) N (%) N (%) o N (%) N (%) N (%)
N (%) N (%)
Talking Texting
While While
Cycling Cycling 2
299 324
Female (383) 67 (31.2) 13 (25.5) 11 (20.8) 10 (27.0) Female (77) 45 (27.3) 13 (27.1) 10 (23.8) 8(38.1)
Male ( 31817) 148 (68.8)  38(745) 42(792)  27(73.0) Male ( 652363) 120(727)  35(729) 32(762) 13 (619)
Total 780 (100) 215 (100) 51(100)  53(100) 37 (100) Total 860 (100) 165 (100) 48(100)  42(100) 21 (100)

Estimated Marginal Means of Age

1 %2 =12.932,df =4, p = 0.012; Cramer’s V = 0.107; 2 x> = 10.705, df = 4, p = 0.030; Cramer’s V = 0.097.

{

Estimated Marginal Means of Age

Talk Text

(a) (b)

Figure 3. The use of mobile phone while cycling (GB = girlfriend/boyfriend): (a) talking;
(b) texting. (The actual difference in mean scores between the groups was quite small; the ef-
fect size, eta squared = 0.02; error bars: 95% CI. Post hoc analyses were conducted by employing
Tukey’s HSD).

Regarding the use of mobiles phone for text messaging, the frequency data show that
4.2%, 3.7%, and 1.8% of the participants engaged in this unsafe behavior monthly, weekly,
and daily, respectively (Figure 2). Further, there is a significant association between gender
and the frequency of texting while cycling, to the extent that males perform this unsafe
act “a few times a year” compared to females, who never do so (x% (4, n = 1136) = 10.705,
p =0.03, Cramer’s V = 0.097) (Table 4). In relation to the social network with whom the
participants text messages while cycling, it has been found that women text their parents
and males text their friends (x> (4, n = 1136) = 17.931, p = 0.003, Cramer’s V = 0.126) (Table 3).

Lastly, the results also showed that there is a statistically significant difference at
p < 0.05 level in age scores for the six social network groups to whom university students
text while cycling (F(5, 1130) = 4.45, p = 0.001). Participants who stated they were most likely
to texting a parent (M = 19.64, SD = 2.41) were found to be slightly younger than those who
are most likely to text message a ‘boyfriend/girlfriend or wife’ (M =20.41, SD = 2.48). Those
who are most likely to text message to ‘other” were slightly older (M = 20.66, SD = 2.64)
(Figure 3b).



Sustainability 2023, 15, 61

7 of 13

Table 4. Association between the gender of participants and the kinds of social networks they
communicate with.

. Boyfriend/ Brother/
Variable l;\?l(e:/‘l ()1 Girlfriend, or Wife Pl\alrf; ;s Sister C(;\Ille(:‘e’a/g)ue gt(}};;
? N (%) ° N (%) ° °
Female 68 (26.7) 55 (35.3) 223 (40.1) 29 (37.7) 9(214) 16 (32.0)
Male 187 (73.3) 101 (64.7) 333 (59.9) 48 (62.3) 33 (78.6) 34 (68.0)
Total 255 (100) 156 (100) 556 (100) 77 (100) 42 (100) 50 (100)

x2=17.931, df =4, p =0.003; Cramer’s V = 0.126.

3.3. Contributors to Crashes/Falls While Cycling

The section addresses the factors that influence crashes/falls while cycling. A binary
logistic regression has been employed to conduct the analysis. In relation to the dependent
variable, the following question was considered in the questionnaire: “In relation to the
unsafe acts while cycling (Table 1), have you had a crash/fall?” Of the 1136 participants
of the study, 32.4% indicated that they were involved in a crash/fall. The explanatory
variables considered in the analysis were as follows: (a) talking on the mobile phone while
cycling; (b) text messaging while cycling; in both cases, the variables related to gender and
to whom participants talk to or text were considered in the analysis; and (c) unsafe behavior
while cycling (i.e., those related to listening to music, smoking, chatting or talking to other
cyclists, riding “without holding the handlebars”, including the use of mobile phones; see
Figure 2 and Table 1), and the gender of the participants.

Having addressed the use of mobile phones, Figure 2 also shows the frequency of
engaging in other unsafe acts while cycling. For example, the percentage of university
students who reported that they had never engaged in each of the considered variables
ranged between 19.6% (“listening to music while cycling”) and 88.4% (“smoking while
cycling”). The frequency of chatting or speaking to other cyclists was relatively high among
cyclists, with 15.8%, 14.3%, and 7.7% engaging in this unsafe act on a monthly, weekly, or
daily basis, respectively. Similarly, the percentage of cyclists riding “without holding the
bicycle handlebars” was also relatively high among the participants, with 11.5%, 12.0%,
and 10.1% engaging in this behavior on a monthly, weekly, or daily basis. Lastly, listening
to music had also a high prevalence monthly (11.6%), weekly (15.6%), and daily (29.8%).

3.3.1. LR Model and the Frequency of Talking, the Social Network, and Gender as
Explanatory Variables of a Crash/Fall

The results have highlighted that for every additional unit of frequency of talking
by mobile phone, the odds of suffering a crash/fall increase by 20% (95% CI, 1.061-1.352)
(Table 5). Regarding the gender of the participants, the odds of suffering a crash/fall
while cycling are 1.596 times higher for males compared to females (95% CI, 1.212-2.101).
However, the variable related to whom the participants talk to was not significant to the
outcome variable.

Table 5. LR model results for crash/fall when using a mobile phone for talking while cycling.

Predictor Variable Measures B SE df p OR [Lovzzr/jlfgper]
Frequency of talking Continuous (Never-Daily) 0.180 0.062 1 0.004 1.198 [1.061-1.352]
Who students talk to Friend (base) 5 0.498

while cycling
Girlfriend /boyfriend, or wife 0.259 0.216 1 0.230 1.296 [0.849-1.979]
Parents 0.061 0.166 1 0.713 1.063 [0.768-1.470]
Brother/sister 0.181 0.277 1 0.515 1.198 [0.696-2.063]
Colleague 0.334 0.345 1 0.333 1.397 [0.710-2.749]
Other —0.411 0.370 1 0.266 0.663 [0.321-1.369]
Gender Male 0471 0.140 1 0.001 1.602 [1.217-2.108]
Constant —1.412 0.200 1 0.000 0.244

Model summary: —2LL = 1402.971; x? = 27.950; df = 7; p < 0.001; Nagelkerke R? = 3.4%; Hosmer and Lemeshow
test, p = 0.670.
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(It should be noted that the variable age was not statistically significant in the univari-
able analysis, and therefore it was not included in the model (i.e., X (1, n = 1136) = 0.394,
p = 0.530); it should also be highlighted that there was no statistically significant interaction
among the explanatory variables. The same applies for the case of the logistic regression
models presented in the subsequent sections).

3.3.2. LR Model and the Frequency of Text Messaging, the Social Network, and Gender as
Explanatory Variables to Crash/Fall

Table 6 shows the results regarding the factors related to texting while cycling; the
findings have shown that for every additional unit of frequency of texting, the odds of
suffering a crash/fall increase by 27% (95% CI, 1.105-1.455). In relation to the gender of the
participants, the odds of suffering a crash or fall due to texting while cycling are 1.641 times
higher for males compared to females (95% CI 1.217, 2.108). As with the previous case,
the variable related to whom the participants text messaging was not significant (i.e., the
related social network variable).

Table 6. LR model results for crash/fall when using a mobile phone for texting while cycling.

Predictor Variable Measures B SE df 4 OR [Lov?'ir/jg;per]
Frequency of texting Continuous (Never—Daily) 0.238 0.070 1 0.001 1.268 [1.105-1.455]
Who students text Friend (base) 5 0.447
while cycling
Girlfriend /boyfriend, or wife 0.030 0.206 1 0.885 1.030 [0.688-1.542]
Parents 0.165 0.164 1 0.314 1.180 [0.855-1.627]
Brother/sister 0.088 0.239 1 0.712 1.092 [0.684-1.744]
Colleague —0.161 0.345 1 0.642 0.852 [0.433-1.675]
Other —0.500 0.352 1 0.156 0.607 [0.304-1.210]
Gender Male 0.496 0.139 1 0.000 1.641 [1.249-2.158]
Constant —1.461 0.195 1 0.000 0.232

Model summary: —2LL = 1400.621; x2 = 30.30; df =7; p <0.001; Nagelkerke R? = 3.7%; Hosmer and Lemeshow
test, p = 0.625.

Lastly, to compare the influence of texting/calling on predicting the outcome variable,
for standardized {3 coefficients, the results show that a one standard deviation (SD) change
in the frequency of talking while cycling increases the odds of a fall/crash by a multiplica-
tive factor of 1.198, while a one SD increase in the frequency of texting increased these odds
by 1.232.

3.3.3. Logistic Model to Identify the Predictors to Crashes/Falls While Cycling

To identify the factors that contribute to falls/crashes, seven explanatory variables
(including the gender of the participants) were considered in the first model, and the results
are shown in Table 7. Only two variables were significantly associated with the outcome
(i.e., riding a bicycle “without holding the handlebars” and gender). That is, for every
additional unit of the frequency of cycling “without holding the handlebars”, the odds
of suffering a fall/crash increase by 23.6% (i.e., a one standard deviation change in the
frequency of cycling without holding the handlebars increases the odds of a fall/crash by
a multiplicative factor of 1.336). When considering the gender of the participants, the odds
of experiencing a crash/fall while cycling are 1.415 times higher for men than they are for
women (95% CI, 1.065-1.880).

Table 7 also shows the results when considering a scale comprising the six unsafe
acts as predictors (the unsafe act scale has an internal consistency, o = 0.684; M = 5.941;
SD = 4.36), and the gender of the participants as explanatory variables. The results highlight
that a one standard deviation change in the frequency of unsafe acts while cycling increases
the odds of crash/fall by a multiplicative factor of 9.8. The odds of experiencing a crash/fall
while cycling for men are 1.422 times higher than for women (95% CI, 1.148-1.993).
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Table 7. LR models for crash/fall when considering the six unsafe acts, the unsafe scale, and the
gender of the participants as predictors.

Unstandardized ! Standardized !
Predictor Variable 2 Measures 14
B OR B OR
Frequency of unsafe acts Making /receiving calls 0.773 0.025 1.025 0.0251  1.025
Texting 0.415 0.079 1.082 0.070 1.072
Listening to music 0.355 0.045 1.046 0.070 1.072
Talking to other cyclists 0.074 0.101 1.106 0.127 1.135
Smoking 0.989 —0.001 0.999 —0.0007 0.9999
Withoutholding the 50 515 123 0290 1336
handlebars
Gender Male 0.017 0.347 1.415
Constant 0.000 —2.00 0.135

Model summary:
—2LL = 1374.027; x2 = 56.90; df =7;p <0.001; Nagelkerke R? = 7%; Hosmer & Lemeshow test, p=0.391

Unsafe acts scale Unsafe acts 0.000 0.524 1.689 2.285 9.82
Gender Male 0.003 0.414 1.513
Constant

Model summary:
—2LL = 1381.40; x% = 49.541; df =2; p <0.001; Nagelkerke R? = 6%; Hosmer & Lemeshow test, p=0424

1 Apply only for continuous variables. > The variable age was not included because it was not significative in the
univariable analysis.

4. Discussion
4.1. On the Use of Mobile Phones for Talking/Text Messaging While Cycling

There has been a great deal of effort aimed at understanding the use of mobile phones
while cycling [1-5,9-12,24]. However, there is little research on the use of mobile phones
and the related social network while riding a bicycle. The present paper addresses this gap
in a study of university students in the metropolitan area of Mexico City.

Overall, the results have highlighted that respondents of the study engage in unsafe
acts while cycling. That is, 31.4% of the participants have used their mobile phone to talk
while riding a bicycle, with only 3.3% doing so daily. Regarding text messaging, it has been
found that 24.2% of the university students do this, with only 1.8% of them engaging in this
activity daily. When considering the gender of the participants, males engage in the use
of mobile phone while cycling more often (i.e., talking weekly, and text messaging “a few
times a year”) than females.

In relation to whom respondents communicate with while cycling, the majority re-
ported that they are most likely to communicate with their parents, through either talking
on a mobile phone (48.9%) or by text messaging (39.6%). Moreover, respondents’ com-
munication with a friend, either via talking or text messaging, came second, with 22.4%
and 25.2%, respectively. An explanation of this may be due to a strong affiliation with the
family, as one of the most common characteristics of Mexican parenting is communica-
tion between parents and adolescent-age children [29,30]. Similarly, a more recent study
found that parents and teens consider the benefits of the use of mobile phones to ease
communication (70% and 78%, respectively) and staying in touch with the extended family
(62% and 61%, respectively) [8]. These findings are consistent with the theory on mobile
phone distraction and social relationships [17]; that is, individuals are more likely to use
their mobile phone either for text messaging or talking while driving with people who are
socially close to them.

Overall, the findings are in line with some of the key characteristics of social net-
work [18] and social norms [31-33] theories. That is, people who are more “homophilous”
to each other are more likely to be socially connected and share similar attitudes to
one another [18]. According to social norm theory, adolescents and young adults align with
their peer group, which can heavily influence their own behavior [33].

Lastly, a logistic regression was employed to investigate whether talking and texting
(and considering the social network and gender) while cycling contributed to the likelihood
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of a crash/fall (Tables 5 and 6). When comparing the two LR models, the results highlighted
that texting has a stronger influence on the outcome (crash/fall) than talking on a mobile
phone while cycling. The finding is consistent with findings reported by [12,13,15,21]; for
example, the authors of ([21], p. 11) argue that “Texting and searching for information are
activities that do not require auditory but mainly visual perception and attention and are
considered riskier than listening to music or talking on the phone”.

However, the variable related to those whom cyclists communicate with was not
significant in the present study; in other words, whom they communicate with (either
texting or talking), does not influence the outcome variable while cycling.

4.2. On the Influencing Factors to Crash/Fall While Cycling

Two LR models were built to investigate the influencing factors leading to the outcome
variable (Table 7). When considering the seven explanatory variables, it has been found
that the variable related to cycling “without holding the handlebars”, and the gender of
the students were significant. It may be argued that keeping both hands on the handlebars
while steering is safer than choosing not to do so. By performing this unsafe act, the
bicycle rider may lose control quickly, which may result in a crash/fall. For example, it has
been reported that 13% of the participants of a study were involved in a crash/fall due to
an abrupt steering maneuver, and 2% of adolescents stunted (i.e., doing a “wheelie”) [5].
In short, by keeping both hands on the handlebars, the cyclist is in full control, and in any
undesirable situation (e.g., a wet road surface) the rider’s reaction time will be shorter,
preventing a fall/crash.

Lastly, when considering the unsafe behavior scale, as expected, it contributes signif-
icantly to the outcome. The results are in line with the fact that performing unsafe acts
while cycling leads to crashes/falls [1-5].

The findings reported in the present work also raise the question as to why young
adult cyclists engage in unsafe behavior while cycling? The theory of social norms may offer
an explanation of the reasons why individuals engage in unsafe acts while cycling. A study
conducted in Australia found that risky driving habits have a multidimensional nature and
determined the situational factors that preclude them [34]. Hence, further research is needed
to fully understand unsafe behavior while cycling to prevent undesirable consequences.

4.3. Limitations and Future Research
Some of the limitations and future research of the present work are as follows:

e The findings of the present study should not be taken as definitive but should be
viewed with caution. The employed data may not be reliable. Moreover, it is well
known that there is a lack of single-bicycle crashes (SBCs) data [1-5]. In the present
work, the data were self-reported by the students who participated in the studys; it
may well be the case that the reported prevalence of crash/fall is not accurate. That
is, the findings may lead to bias given that participants, for example, did not use
a mobile phone while cycling. More research is needed that considers data on actual
crashes/falls while cycling. Police and emergency services may be a good source of
SBCs records for further research.

e  This sample size was used for convenience, and therefore the findings should not be
generalized to the whole population of the metropolitan area of Mexico City. Hence,
other demographic characteristics of respondents should be considered for further
analysis (e.g., socioeconomic status and to expand the age range of the participants).

e  In the present work, only six variables related to unsafe behavior were considered as
contributing factors to a crash/fall while cycling; other unsafe acts may be considered
in future research, e.g., riding on the opposite direction to the traffic, the use of helmets,
among others. Further research may include the design of a reliable scale of unsafe
acts while cycling by considering the aforementioned issues.

e  The present study did not consider other factors, such as those related to road condi-
tions (e.g., dry, wet, loose objects on the road, uneven road surface), environmental
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conditions (e.g., season of the year, time of day, weather conditions), bicycle type
(mountain, racing bikes), and bicycle malfunction (e.g., brake defects, too-low tire
inflation, loose handlebars), among others. Moreover, the length of a trip plays
an important factor, and the age of the cyclists may contribute to a fall/crash [5]. Fur-
thermore, in the food delivery industry, time pressure to provide a service on time
pushes the riders, for example, to bypass red lights [9]. More research on these issues
is needed.

5. Conclusions

Published research in the literature has shown that unsafe behavior while cycling
leads to collisions [1-5,9-12,24]. However, there are no studies explicitly addressing the
relationship between the use of mobile phones while cycling with riders’ social network,
and other unsafe acts leading to crashes/falls.

The paper has presented the results of a cross-sectional study addressing the unsafe
behavior of cyclists with a sample size of n = 1136 in the metropolitan area of Mexico
City. The unsafe acts considered in the study were as follows: listening to music, smoking,
talking with other cyclists, riding “without holding the handlebars”, and the use of mobile
phones for either talking or texting (Figure 1). The main conclusions are as follows: (a) there
was an association between cyclists’ gender and the use of mobile phone for either talking
or texting while cycling; (b) the use of mobile phones for talking and texting while cycling
are contributing factors for a crash/fall, but the variable related to the social network (i.e.,
the person(s) to whom cyclists either talk or text to) has no impact; text messaging has
a stronger influence on the outcome (crash/fall) than talking on a mobile phone while
cycling; and (c) when considering the six unsafe acts (and gender) within a single LR
model, only the factor related to riding “without holding the handlebars” was significant
to the outcome. When considering the unsafe acts scale, on the other hand, it contributed
significantly to a crash/fall while cycling.

Some specific findings:

e Intotal, 31.4% of the participants have used the mobile phone for talking while riding

a bicycle with only 3.3% doing so on a daily basis.

e Intotal, 24.2% of the students have used the mobile phone for text messaging, with
only 1.8% doing so daily.

e  Males engage on these unsafe acts while cycling more often (i.e., talking weekly, and
text messaging “a few times a year”) than females.

Some specific findings in relation to whom the respondents communicate with

while cycling:

e  The majority reported that they are most likely to communicate with their parents,
either talking on a mobile phone (48.9%) or by text messaging (39.6%).

e  Respondents’ communication with a friend either by talking or text messaging came
second, at 22.4% and 25.2%, respectively.

Some specific findings in relation to the use of mobile phones for talking/texting
(along with social networks and gender) as explanatory variables to crash/fall:

e  The results show that a one SD change in the frequency of talking while cycling
increased the odds of fall/crash by a factor of 1.198, as did a one SD increase in the
frequency of texting by 1.232.

The study highlighted the need for decision makers to address unsafe behavior while
cycling in the metropolitan area of Mexico City. Our findings illustrated that cycling
“without holding the handlebars” may be regarded as one of the most unsafe ways of
riding a bicycle. An education campaign or legislation enforcement (or both) may be
needed to prevent the occurrence of single-bicycle crashes (SBCs) associated with this
unsafe act.
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