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Abstract: The use of bicycles is an active and sustainable mode of transport par excellence. It is a
way of increasing people’s physical activity time and should therefore be promoted in educational
contexts. The aim of this research was to evaluate the effectiveness of an urban bicycle programme in
a sample of 164 university students (n = 164), 88 women and 76 men, using a standardised instrument
with pre and post measures after a theoretical–practical intervention. The sample was divided into an
intervention group (n = 122) with 69 women and 53 men; and a control group (n = 42) with 19 women
and 23 men. The instrument considered conceptual and attitudinal aspects. The results showed
that participants in the intervention group obtained statistically significant improvements (p ≤ 0.05)
in the measurement. No significant improvements were observed in the control group (p = 0.35),
which means that the urban intervention programme is an effective method for increasing bicycling
knowledge and attitudes in the university students who participated in the experience.
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1. Introduction

An active life is directly related to regular physical activity (PA), which is a relevant
activity that contributes to the development of society, due to its impact on human develop-
ment, from a physical, social, inclusive, and economic dimension, becoming an important
element in people’s lives [1,2]. This has earned it consideration in the Sustainable Develop-
ment Goals and its contribution, mainly in the goals: “Health and well-being”, “Gender
equality”, “Sustainable Cities and Communities” and “Climate Action” promoted by the
United Nations [3]. Sustainability, therefore, has positioned itself as a feature increasingly
present in organisations promoting physical activities and sports [4].

From a health perspective, regular PA is a fundamental metabolic and cardiovascular
protective factor in people’s health [5,6]. For this reason, international organisations
recommend a minimum level of 150 min per week of moderate intensity, 75 min per week
of vigorous intensity [7], or 10,000 steps per day [8]. In contrast, physical inactivity (PI)
combined with a sedentary lifestyle decreases people’s health status [9]. As a consequence,
it has become evident that a large percentage of people are at risk of developing chronic
non-communicable diseases, due to a sustained increase in PI levels worldwide [10,11].

1.1. University, Physical Activity and Sustainability

In relation to the university context and sustainability, it is important to note that the
United Nations declared the period 2005–2014 as the “Decade of Education for Sustainable
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Development” [12] and the United Nations Educational, Scientific and Cultural Organ-
isation proposed to promote the integration of the principles and actions of sustainable
development in all dimensions of education [13]. For this reason, it is justified that univer-
sities promote healthy and sustainable behaviours in their communities, such as PA. Along
these lines, Martínez and García [14] present a classification of sport that makes it possible
to identify among them PA and university sport, the purpose of which is to complement
the training of students in higher education. This distinction is necessary because their
characteristics and beneficiaries are quite specific. Almorza and Prada-Olivera [15] add
that the objectives of university sport are to improve health, physical condition, quality of
life, and the development of physical qualities and motor skills, as well as be an alternative
way of occupying free time, and even a vehicle for establishing social relations. However,
it has been shown that young people who begin their university studies do insufficient
PA, a prevalence that increases drastically during the transition between adolescence and
adults [16]. This implies future risk and consequences on the well-being and health of
this population, as well as considerably modifying the practice of physical and sporting
activities [16,17].

1.2. Bicycles as a Sustainable Means of Transport

Active mobility is an option to add minutes of daily PA by eliminating moments of
sedentary activities [18,19]. The bicycle has been an important mode of mobility throughout
history, even being one of the most widely used before the mass consumption of motor
vehicles, which made it possible to reduce travel time, increasing the distances travelled
with less physical effort [20].

Current lifestyles encourage people to make decisions that require less time without
considering the impact that this may have on health, which has led to an increase in PI and
sedentary lifestyles, causing an increase in mortality and morbidity [21]. The active mobility
by bicycle favours the body exercise and the increase of daily PA with direct implication
on the cyclist’s health [18–22]. In this line, evidence was found by Pérez et al. [23] of
improvements in physical fitness in bicycle use between home and school. Even regular
use provides economic benefits [24], improving aerobic capacity, body composition, the
immune system, as well as increasing levels of well-being by reducing stress and increasing
serotonin [25]. On the other hand, its efficiency, which reaches average distances of 5–7 km,
can become a micromobility option associated with factors such as the feeling of freedom,
acceptability, safety and security [26], and a social way of life [27].

However, there are some constraints to bicycle use, which have an effect on many
people who have stopped bicycling due to the fear of accidents [18,28–30]. The environ-
mental barrier of fear due to lack of safety (crossings and intersections, the existence or
not of bicycle lanes, the recklessness of motor vehicle drivers, among others) is one of the
factors that most affects active mobility [18,21,28,29]. The “traffic calming” of residential
neighbourhoods in more cities and countries is essential to promote cycling and safety [31],
as there are multiple benefits to intervening against “trafficking violence” which, according
to Carvalho and Freitas [32], is a very important factor in the fight against trafficking
violence, which is the biggest cause of death among cyclists.

1.3. Bicycle Use by University Students

In relation to the influence of bicycle use in the university population, the 2016–2017
National Health Survey published by the Chilean Ministry of Health indicated that the
population of young people aged 15–19 increased their level of sedentary lifestyles com-
pared to 2010, reaching 73.5%, with 54% overweight and 27.6% obese. On the other hand,
young people between 20 and 29 years of age have a sedentary lifestyle of 81.2%, 37.7%
overweight, and 35.8% obese [33]; even the group of university students was considered a
target population of the National Health Promotion Policy [34]. In this way, it is believed
that promoting lifestyle changes in this age range will endure and will be passed on to
the institutions in which they will work in the future [35]. However, entering university
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produces a turning point with a progressive decrease in PA practice towards a sedentary
lifestyle [36], which coincides with the fact that university students have low or no PA
levels and high rates of sedentary lifestyles [30–37]. The reasons are mainly related to the
workloads required for a university career, the availability of places to wash up, and the
lack of free time [38].

On the other hand, it has been shown that the intervention of urban bicycle programs
for university students is an effective method for the promotion and increase of knowledge
about road rules for the use of bicycles by this population [39]. For Galvis [40], young
university students are aware of the advantages of the use of bicycles, however, few use
them, mainly due to lack of information and support, without considering that they also
have to travel to different places throughout the day [35]. Therefore, there is a need for
universities to promote road safety education in their student community, so that this
knowledge has an impact on increasing the use of bicycles as a form of active transport. In
this way, levels of sedentary lifestyles will decrease and the time spent on PA will increase,
in an informed and, therefore, safer way.

For all of the above reasons, the purpose of this study was to evaluate the implemen-
tation of an urban bicycle programme for Chilean university students attending courses in
Fundamental Formation of Self-Care and Healthy Lifestyle (SHL), as well as to promote
instances of knowledge and use of the bicycle that favour an increase in its use as a means
of transport, given that in Chilean reality there is a low level of use of bicycles [41].

2. Materials and Methods
2.1. Sample

The sampling used was non-probability intentional. The sample analysed consisted of
university students (n = 164), 88 females (53.7%) and 76 males (46.3%), with an average
age of 21.95 years (SD = 2.53). The sample was distributed in two groups as authorised
by the university authorities: an Intervention Group (G1; n = 122) composed of 69 females
(56.6%) and 53 males (43.4%), and a Control Group (G2; n = 42), composed of 19 females
(45.2%) and 23 males (54.8%). The following inclusion criteria were considered for the
composition of both groups: a) being a regular student of the Pontificia Universidad
Católica de Valparaíso; b) being enrolled in a SHL course; c) having participated in the class
that included the theoretical session and the first practical session of the intervention; and d)
having answered the pre-test and post-test. Table 1 below presents the socio-demographic
characteristics of the total sample and the distribution by groups.

Table 1. Socio-demographic characteristics of the total sample and distribution by groups.

Total Sample
(n = 164) G1 (n = 122) G2 (n = 42)

Age, mean (SD) 21.95 (2.53) 21.93 (2.43) 22 (2.85)

Gender, n (%)
Female 88 (53.7) 69 (56.6) 19 (45.2)
Male 76 (46.3) 53 (43.4) 23 (54.8)

Note: SD = Standard deviation; G1 = Intervention group; G2 = Control group.

2.2. Instrument

To obtain the necessary information about the sample of students, before and after the
intervention, an instrument on knowledge of the basic rules of the road and cycle behaviour
was applied, designed by López [42], and composed of two dimensions: (i) conceptual
dimension: which consists of 13 questions with 3 nominal answer alternatives (a, b or
c) based on the recognition of road signs and police signals. (ii) Attitudinal dimension:
composed of 12 questions based on cyclist behaviour, including images of situations
encountered on the roads, as well as technical aspects, such as the correct use of helmets
and other aspects of road safety through dichotomous alternative answers (True and
False), image recognition, and fill in the answers; each of the 25 items was marked with 1
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point per correct answer. Previous to its application, the test was subjected to a content
validation [43,44] and semantically analysed for application in a variety of contexts with the
intention of reducing inappropriate idiomatic interpretations [45], through the judgement of
eight experts, all researchers and academics, with more than 5 years of research experience
and recent publications indexed in Scopus and WoS in the field of physical activity, quality
of life, and sustainable sport. The items of the instrument were validated by Delphi criteria,
with three rounds of corrections until approval was obtained [46], which concluded with
the development of a pilot test on a small sample of students.

2.3. Procedure

The intervention was evaluated through pre and post-test results with an instrument
related to cycling knowledge and attitudes. The whole intervention lasted 12 weeks, not
including the preparation of the project report. In particular, the intervention sessions with
the participants lasted 45 min each.

In a theoretical session (separately), G1 and G2 subjects explained the characteristics
of the intervention and asked to sign an informed consent form adhering to the Singapore
Declaration [47]. Next, the pre-test of the instrument was then applied to all participants
(G1 and G2). Once the information was obtained, we proceeded with the implementation
of a 30-min theoretical session for G1, where a presentation was given on the use of
bicycles in urban areas. Subsequently, the first practical intervention was carried out, where
participants applied the contents of the theoretical session through a street simulation
circuit, adapted to a soccer field within the university. In the following sessions, the G1
intervention continued with practical activities in a real environment and context and went
through the streets near the university campus. Once the intervention was completed, the
post-test was carried out by repeating the measurement of the data collection instrument
for groups G1 and G2.

Intervention

The first intervention consisted of a theoretical session for the G1 group where topics
such as the obligations and rights of cyclists according to the Traffic Law, [48], the benefits
of using a bicycle, basic mechanical checks, positions on the road, cyclist signalling and
the order of priority of traffic signs, gear changes, advice on clothing, and weather, were
presented. Subsequently, the second practical intervention was applied, which was carried
out in a 15 × 25 m sports field of the university, where a circuit was set up in order to
reproduce the interactions of a situation of bicycle use in a real urban context, with the
use of safety cones and traffic signs held by participants, who were located at intersections
signalling “stop” or “give way”. The purpose of this intervention experience was for the
subjects to broaden their view of the environment, interacting with the signage, making
gear changes and slowing down, respecting vertical signs, and interacting with other
cyclists and cars. In the third intervention, an urban route was carried out, incorporating
the participants of G1 for 35 min to the circulation in a real urban context, using the streets
around the university campus. Finally, a fourth intervention of a theoretical nature was
applied, in which feedback was given on basic aspects of circulation and a general review
of the mechanical aspects of the bicycle and road signs was performed.

2.4. Statistical Analysis

For the statistical analysis, the data obtained in the pre and post measurements for
both groups were entered into a matrix prepared in Microsoft Excel software, and then
transferred to the STATA statistical software [version 13], with which the descriptive and
inferential statistics were obtained. Subsequently, in order to establish the existence of
significant differences between the two measurements, a comparison of means was carried
out using the Student’s t-test for related samples, considering a significance level of p ≤ 0.05.
The above took into consideration that the distribution of the data in both measures was
normal once the Shapiro–Wilk test was applied (p ≥ 0.05).
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3. Results

In Table 2, we present the results obtained corresponding to the average and standard
deviation (SD) of correct answers for each item of the questionnaire, before and after
the intervention. The results for the intervention and control groups are shown in the
corresponding columns.

Table 2. Total results per item of the instrument.

Items
G1 G2

Pre-Test Post-Test Pre-Test Post-Test

M ± SD M ± SD M ± SD M ± SD

1 0.98 ± 0.13 0.99 ± 0.09 0.98 ± 0.15 0.98 ± 0.15
2 0.01 ± 0.09 0.17 ± 0.38 0 ± 0 0 ± 0
3 1 ± 0 1 ± 0 1 ± 0 1 ± 0
4 0.97 ± 0.18 0.88 ± 0.32 0.95 ± 0.22 0.93 ± 0.26
5 0.28 ± 0.45 0.34 ± 0.47 0.17 ± 0.38 0.29 ± 0.46

Conceptual 6 0.56 ± 0.5 0.62 ± 0.49 0.62 ± 0.49 0.52 ± 0.5
Dimension 7 0.91 ± 0.29 0.92 ± 0.28 0.90 ± 0.3 0.98 ± 0.15

8 1 ± 0 1 ± 0 1 ± 0 0.98 ± 0.15
9 0.73 ± 0.45 0.82 ± 0.38 0.78 ± 0.42 0.78 ± 0.42

10 0.36 ± 0.48 0.38 ± 0.49 0.52 ± 0.5 0.17 ± 0.38
11 0.97 ± 0.15 0.99 ± 0.09 0.93 ± 0.26 0.98 ± 0.15
12 0.33 ± 0.47 0.33 ± 0.47 0.43 ± 0.5 0.43 ± 0.5
13 0.61 ± 0.49 0.85 ± 0.36 0.58 ± 0.5 0.59 ± 0.5

14 0.81 ± 0.39 0.90 ± 0.3 0.90 ± 0.3 0.67 ± 0.5
15 0.81 ± 0.39 0.89 ± 0.31 0.93 ± 0.26 0.79 ± 0.41
16 0.45 ± 0.5 0.80 ± 0.4 0.41 ± 0.5 0.55 ± 0.5
17 0.91 ± 0.29 0.84 ± 0.36 0.85 ± 0.36 0.82 ± 0.39

Attitudinal 18 0.93 ± 0.25 0.97 ± 0.18 0.97 ± 0.16 0.95 ± 0.22
Dimension 19 0.97 ± 0.16 0.98 ± 0.13 0.95 ± 0.21 1 ± 0

20 0.55 ± 0.5 0.59 ± 0.49 0.48 ± 0.5 0.46 ± 0.5
21 0.98 ± 0.13 0.94 ± 0.23 1 ± 0 1 ± 0
22 0.92 ± 0.26 0.94 ± 0.23 1 ± 0 0.95 ± 0.22
23 0.82 ± 0.38 0.88 ± 0.32 0.81 ± 0.4 0.83 ± 0.38
24 0.95 ± 0.21 0.95 ± 0.22 0.95 ± 0.22 0.95 ± 0.22
25 0.81 ± 0.39 0.81 ± 0.39 0.79 ± 0.41 0.90 ± 0.3

Note: SD = Standard deviation; M = Mean; G1 = Intervention Group; G2 = Control Group.

In relation to the conceptual dimension, according to the results, G1 in the pre-test
obtained a mean of 8.68 points (SD = ±1.2) with a minimum of 6 and a maximum of
11 points; while in the post-test, the mean was 9.22 points (SD = ±1.4) with a minimum of
4 and a maximum of 12 points. This indicates an improvement, with respect to the pre-test,
of 6.2%, with a p-value = 0.0009. On the other hand, G2 in the pre-test obtained a mean of
8.79 points (SD = ±1.4) with a minimum of 4 and a maximum of 12 points; while in the
post-test, the mean was 8.57 points (SD = ±1.3) with a minimum of 6 and a maximum of
11 points. This indicates a decrease of 2.5%, with a p-value = 0.49.

The results of the attitudinal dimension (cycling behaviour) showed that G1 in the
pre-test obtained a mean of 9.8 points (SD = ±1.4) with a minimum of 5 and a maximum of
12 points, while, in the post-test measurement, the mean was 10.43 points (SD = ±1.3) with a
minimum of 7 and a maximum of 12 points. This shows a percentage improvement of 6.1%,
with a p-value = 0.0001. As for the results obtained for G2, in the pre-test measurement, a
mean of 9.86 points (SD = ±1.1) was obtained with a minimum of 7 and a maximum of
12 points. In the post-test, the mean was 9.62 points (SD = ±1.4) with a minimum of 5 and
a maximum of 12 points. This evidences a percentage decrease of 3%, with a p-value = 0.42.

Finally, the results of both dimensions showed that G1 in the pre-test obtained a mean
of 18.48 points (SD = ±1.8) with a minimum of 13 and a maximum of 22 points. On the
other hand, the post-test mean was 19.65 points (SD = ±2) with a minimum of 15 and a
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maximum of 24 points. A percentage improvement of 6.5%, with a significance of p = 0.0000
and r = −0.3 was evidenced. In the pre-test, G2 scored a mean of 18.64 points (SD = ±2.1)
with a minimum of 12 and a maximum of 22 points. On the other hand, the post-test
mean was 18.19 points (SD = ±2) with a minimum of 13 and a maximum of 22 points. A
percentage decrease of 2.2%, with a p-value = 0.35 and r = 0.1, was evidenced.

4. Discussion

The results obtained in G1 show statistically significant differences in the instrument
applied before and after the implementation of the intervention, both as a whole and in
each dimension separately. On the other hand, the results of G2 do not show significant im-
provements in any of the dimensions investigated, nor in the instrument as a whole. These
results corroborate what has been found in the literature, which highlights the importance
of educating about active travel and road safety, so that people use the bicycle as a means
of transport with greater confidence, and thus reduce the fear of motor vehicles [49,50]. In
this line, Cruz [51] declares that among the frequent barriers to not using the bicycle as a
means of transport is fear due to lack of information. In Spain, for example, road safety
education is one of the minimum teaching objectives for primary education, highlighting
how important it is to learn both conceptual and practical skills in order to avoid road
traffic accidents [52]. In addition to this, Moreno [53] coincides with the results obtained in
the present study and highlights the importance of incorporating cycling contents in school
education, in order to improve physical condition and health, as well as to increase the
knowledge and skills of schoolchildren and make them feel safer when using this means of
transport.

On the above and in the same vein, López [42] affirms that in order to avoid accidents
involving cyclists, it is necessary that they are educated about the rules of the road, the
responsible use of bicycles, and improve motor skills when using them, these being the
contents addressed during the interventions to the university students who participated
in this research. Also, Schlundt, Warren, and Miller [54] emphasise the need for road
safety education for cyclists, asserting that when cyclists are injured, it is usually their own
responsibility.

In addition to the above, it is worth noting the research carried out by Guell et al. [50],
who found that the more confident they are in their skills and abilities as drivers, the less
they perceive environmental barriers to avoid cycling in the city, and that experiencing a
cycling education workshop in the urban environment gives urban cyclists more confidence.
Chillón et al. [55], highlighted that in the university population, the greater the active
commuting, the lower the perception of barriers.

Finally, Bernate et al. [56] corroborated the importance of teaching basic cycling, as
they mention how important it is for each person to adjust the design of their bicycle to their
own anthropometric measurements, as it is this detail that will determine their comfort,
performance, and will help prevent possible injuries. By complying with the above, it
is more likely that the person will want to maintain their movements in an active way,
contributing to their well-being, since PA through the use of bicycles has the potential to
greatly improve physical health and be a strong contribution to a sustainable lifestyle [57].

5. Conclusions

This study concludes that the intervention was an effective method for the promotion
and increase of knowledge about road rules for cycling in an urban area in the sample of
university students analysed. Together with the above, the significant differences found in
the post-intervention measurement, compared to the pre-intervention measurement, allow
us to support the development of strategies and lines of action in the university context,
such as the implementation of courses with theoretical–practical sessions on road safety
education and cycling. As a main suggestion, the implementation of practical courses of
longer duration is proposed for a more detailed preparation, with the opportunity to add
more trips to the streets, considering frequent journeys of the participants. This will have
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a greater impact on confidence and safety levels through increased knowledge put into
practice.

6. Limitations

One of the main limitations of this study was the instrument used, whose objective was
to measure traffic rules and cyclist behavior. Given the nature of this type of intervention
and research, it is recommended for future experiences to apply practical tests that provide
greater objectivity in relation to the measurement of the variables. On the other hand, the
instrument used has limitations for other cultural contexts, so it would be advisable to
advance it in an international questionnaire, which would allow a comparative analysis of
different realities.

Another limitation of this study is related to the number of participants, so it would be
of great interest and contribution to the scientific community to carry out studies similar to
this one, increasing the number of subjects and homogeneous sizes for all groups (control
and intervention).

Finally, future research related to cycling knowledge and behavior in the university
population should focus on working with larger data sets, in addition to improving the
method of analysis to confirm that the results of this experiment are repeatable and that
the improvement is statistically significant, allowing a generalization of the results. Some
useful suggestions for future research in the area could be the application of linear mixed
models, such as random effects.
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