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Introduction
Road traffic injuries are a major public health problem 
worldwide, causing approximately 1.19 million deaths and 
20–50 million non-fatal injuries annually.1 Children and 
adolescents are particularly vulnerable, with traffic injuries 
accounting for about 30% of deaths among individuals 
younger than 19 years and representing the leading cause 
of death among those aged 5–19 years.2 Nearly 90% of 
these deaths occur in low-income and middle-income 
countries, although these countries possess only 60% of 
the world’s vehicles.3 In Iran, road traffic mortality rates 
are estimated at 30.6 and 10.6 per 100,000 among men 
and women, respectively.4 In addition to their human toll, 
traffic injuries impose considerable economic burdens 
through healthcare costs, rehabilitation, lost productivity, 
and long-term disability.5–7

Moreover, children aged 6–10 years are especially at risk 
because of developmental and behavioral characteristics, 
including difficulty judging vehicle speed and distance, 

limited visual fields, and impulsive crossing behaviors.8–13 
As pedestrians, children are among the most vulnerable 
road users.14 Given that most road traffic injuries are 
preventable, improving children’s traffic safety behaviors 
is an important public health priority. Likewise, 
experiences from countries such as Sweden suggest that 
combining education with supportive policies and safer 
road environments can substantially reduce traffic-related 
injuries and deaths.15, 16

Education is considered one of the most effective 
approaches for promoting safe traffic behaviors among 
children.17, 18 However, educational programs are more likely 
to be effective when they are designed using established 
behavioral frameworks.19 In particular, the PRECEDE–
PROCEED (Predisposing, Reinforcing, and Enabling 
Constructs in Educational Diagnosis and Evaluation; 
Policy, Regulatory, and Organizational Constructs in 
Educational and Environmental Development) model is a 
widely used planning model that helps identify behavioral 
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Abstract
Introduction: Road traffic injuries are a leading cause of death and disability worldwide, especially 
among children in low-income and middle-income countries, including Iran. Therefore, this study 
evaluated the effectiveness of a PRECEDE-PROCEED model-based educational intervention on 
safe street-crossing behavior among primary school students in Semirom, Isfahan Province, Iran.
Methods: A field trial was conducted involving 80 students aged 6–12 years, equally allocated 
to the intervention and control groups via multi-stage random sampling in 2023-2024. The 
intervention comprised five structured educational sessions using participatory methods, visual 
aids, and practical demonstrations, designed to enhance knowledge, attitudes, and behaviors 
concerning road safety. Moreover, pre-intervention and post-intervention data were collected 
using validated questionnaires and environmental checklists. Ultimately, data were analyzed by 
SPSS 22 using t-tests, Mann-Whitney U, Chi-square tests, and multiple linear regression.
Results: The intervention group confirmed significant post-intervention improvements in 
knowledge, enabling factors, reinforcing factors, and safe behavior scores. Additionally, attitude 
and peer influence emerged as essential predictors of behavior, while radio and television 
represented a negative association. Notably, boys demonstrated higher gains in safe crossing 
behavior compared to girls. Eventually, environmental audits revealed partial remediation of 
infrastructural deficits.
Conclusion: The PRECEDE-PROCEED-based intervention significantly improved students’ road 
safety behaviors. The findings support integrating structured, gender-sensitive education into 
school curricula, along with media and infrastructure improvements.
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and environmental factors influencing health-related 
behaviors and supports the development of structured 
interventions.16 Despite growing research on child traffic 
safety, relatively few studies have examined theory-based 
educational interventions focused on pedestrian safety 
among primary school children, particularly in low-
income and middle-income countries.20–24

Therefore, in line with Sustainable Development Goal 
3.6, which aims to reduce traffic-related deaths and injuries 
by 50% by 203025, this study seeks to investigate the effect of 
a PRECEDE–PROCEED-based educational intervention 
on safe street-crossing behavior among primary school 
students in Semirom, Isfahan Province, Iran.

Materials and Methods
Study Design and Study Population
This field trial was conducted among primary school 
students in Semirom, Isfahan Province, Iran, in 2023-
2024. The inclusion criteria were age range of 6–12 years, 
enrollment in grades one through six of primary school, 
and full physical health. Nonetheless, the exclusion 
criteria included use of school transportation services, 
lack of parental consent for the child’s participation, 
unwillingness of the student to take part in the study, 
and active membership in the “School Police Assistant” 
program. Written informed consent was obtained from 
the students’ parents prior to the commencement of the 
study procedures. It should be noted that the public was 
not involved in designing, conducting, reporting, or 
disseminating the plans of our research.

Sample Size and Sampling Method
Considering a significance level of 0.05, a statistical power 
of 0.95, a 1:1 ratio between the groups, and the reported 
post-intervention means and standard deviations 
(intervention group: 39.78 ± 4.25; control group: 35.55 
± 5.86), the required sample size was calculated to be 40 
participants per group using G*Power software (version 
3.1.9.4).26

In addition, multi-stage random sampling was employed 
in this study. A complete list of primary schools in Semirom 
was compiled. Then, considering the proportion of boys’ 
and girls’ schools, two girls’ schools and two boys’ schools 
were randomly selected and assigned to the intervention 
(one for girls and one for boys) and control (one for girls 
and one for boys) groups. 

Next, three classes were randomly selected from each 
school in the intervention and control groups. Within these 
classes, a total of 40 students (22 girls and 18 boys) were 
chosen using the proportional simple random sampling 
method to reach the study size in the intervention and 
control groups. 

Data Collection
Following approval from the Department of Education 
and the intended schools, the researcher visited each 
school, explained the study objectives to the students, 
and distributed informed consent forms. Moreover, 

students were instructed to return the completed forms, 
signed by their parents, at the next session. Subsequently, 
pre-intervention questionnaires were distributed and 
completed by the students. Finally, a tailored educational 
intervention was designed and implemented based on the 
analysis of the baseline data.

Description of the Intervention
The educational intervention was developed using 
a data-driven approach informed by the baseline 
assessment. Prior to the intervention, students completed 
questionnaires measuring knowledge, attitudes, reinforcer 
factors, enabler factors, and behavior related to safe street-
crossing. Baseline comparisons between the intervention 
and control groups revealed significant gaps in knowledge 
and attitudes. Furthermore, multiple regression analysis 
identified attitude, reinforcer, and enabler factors as 
significant predictors of safe street-crossing behavior. 
These findings guided the design of the intervention 
curriculum, which was specifically tailored to address the 
identified deficits and strengthen the key determinants of 
safe behavior.

Then, the educational intervention was conducted over 
five consecutive sessions, utilizing visual and auditory 
tools and emphasizing a participatory approach with 
participation of 40 students. The first session aimed to 
enhance students’ awareness of fundamental concepts 
related to safe traffic behaviors. Additionally, the content 
covered the recognition of traffic signs and signals, 
definitions of safe traffic behavior, and the objectives of 
the educational intervention. It is noteworthy that this 
material was delivered through group discussions and 
interactive classroom engagement. Moreover, posters and 
visual aids were employed to reinforce visual learning.

Further, the second session focused on familiarizing 
students with traffic laws and increasing their awareness of 
traffic signs and signals. Key topics included the meaning 
of traffic light colors and signs, the importance of wearing 
reflective clothing at night, and the proper methods for 
crossing streets and pedestrian bridges. These topics were 
taught through lectures that were supported by visual 
presentations.

Likewise, the third session began with a review and 
reinforcement of the previously covered material through 
a question-and-answer format. Subsequently, students’ 
attitudes toward safe street crossing, adherence to traffic 
laws, and attention to traffic regulations were assessed, and 
their personal opinions were collected. Additionally, the 
researcher presented perspectives on safe traffic behavior. 
After the session, the students were asked to express their 
ideas about safe street crossing by creating drawings or 
crafts. These topics were taught through lectures.

The fourth session also aimed to teach children’ 
appropriate and inappropriate behaviors as pedestrians, 
cyclists, and vehicle passengers. Following the educational 
presentation, students were encouraged to share their 
personal experiences and identify correct and incorrect 
behaviors in these situations.
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The fifth session concentrated on discussion and 
exchange of views regarding reinforcing factors, including 
family and school support in performing safe behaviors, 
as well as enabling factors such as television messages 
and the role of the police. Then, the students provided 
feedback on the educational program. One month after the 
intervention, post-test questionnaires were administered 
to both the intervention and control groups.

After identifying deficiencies through checklists, a safe 
community committee was established in the county with 
the participation of relevant departments, including the 
Education Council and the Parent–Teacher Association. 
Moreover, supportive measures were implemented 
to address identified problems and provide necessary 
equipment. Following these interventions, the evaluation 
checklists were completed again to assess the changes.

Data Collection Instruments
A questionnaire developed by Omidi et al26 was 
utilized to collect data related to behavioral factors (the 
PRECEDE section). This instrument has several sections: 
demographic variables, including predisposing, enabling, 
and reinforcing factors. Predisposing factors consist of 11 
questions on knowledge and 10 questions on attitudes. In 
addition, enabling factors include 8 questions regarding 
the availability of facilities and educational resources. 
Further, reinforcing factors encompass 2 questions about 
parental (as reinforcer 1) and teacher (as reinforcer 2) 
support and 15 questions addressing safe traffic behaviors. 
The questionnaire demonstrated good psychometric 
properties. Furthermore, face and content validity were 
established by an expert panel of 10 health education 
specialists. Moreover, reliability for the knowledge, 
behavior, enabling, and reinforcing factor scales was 
confirmed via test-retest (15 students, 8-day interval). 
The attitude scale also showed good internal consistency 
(Cronbach’s α = 0.85). Additionally, the maximum 
attainable score on this questionnaire was 45, with higher 
scores indicating appropriate traffic behavior.26 

Likewise, environmental data related to the PROCEED 
section were collected using a standardized checklist. 
This checklist comprised 14 items related to laws and 
regulations, 3 items regarding human resources, 3 items 
concerning financial resources, and 10 items about 
equipment. Finally, the checklist was completed by the 
education department’s director and deputies, school 
principals and teachers from the participating schools, 
and traffic police experts.

Data Analysis
Data were analyzed using SPSS software, version 22. 
The normality of data was assessed using the Shapiro-
Wilk test. In addition, independent samples t-tests were 
employed to compare the means of normally distributed 
variables between the two groups. For variables with 
non-normal distributions, the Mann-Whitney U test was 
also used for group comparisons. Furthermore, multiple 
linear regression analysis using the Enter method was 

conducted to examine the effect of multiple independent 
variables on the dependent variable. Eventually, the Chi-
square test was utilized to compare demographic variables 
between the two groups, and a significance level of 0.05 
was considered for all statistical tests.

Results
Descriptive Findings of Demographic Variables
A total of 80 participants (44 girls and 36 boys) were equally 
enrolled in both the intervention and control groups. 
Data normality was assessed to compare demographic 
characteristics. Fathers’ and mothers’ ages were normally 
distributed in both groups (P > 0.05), allowing the use 
of the parametric Student’s t-test. Moreover, the non-
parametric Mann-Whitney U test was applied since 
student ages were non-normally distributed. Additionally, 
median (interquartile range) student age was 10 (8–12) 
years and 10 (9–12) years in the intervention and control 
groups, respectively. No significant differences were found 
between the groups for parental or student age.

Normality of Data and Baseline Comparison of Variables
The normality of primary data was evaluated using the 
Shapiro-Wilk test, revealing non-normal distributions 
for all key variables in both groups before and after 
the intervention (P < 0.05). Based on the results 
(Table 1), significant baseline differences were observed 
in knowledge and attitude scores, with the control group 
scoring higher on knowledge (P < 0.001) and marginally 
higher on attitude (P = 0.011). Nonetheless, no other 
variables, including baseline behavior, significantly 
differed between the groups.

Results of Multiple Regression Analysis 
In this analysis, safe street-crossing behavior served as 
the dependent variable, with enabling factors, facilitating 
factors, reinforcing factors, attitudes, knowledge, and 
educational resources (police, teachers, family, radio/
television, and peers) as predictors. The assumptions of 
multiple linear regression were met; all variance inflation 
factor values were below 5, indicating no multicollinearity. 
In addition, the Durbin-Watson statistic was 2.09, 
confirming residual independence, and residual normality 
was supported by the standardized residuals plot and 
Shapiro-Wilk test (P > 0.05).

Table 1. Baseline Comparison of Study Variables Between Intervention and 
Control Groups Before the Intervention

Variable
Intervention Group 

(n = 40) Median (IQR)
Control Group 

(n = 40) Median (IQR)
P-Value

Knowledge 7 (6-8) 9 (8-9.75)  < 0.001

Attitude 28 (25.25-29) 29 (28-30) 0.011

Reinforcer 1 3 (2-3) 3 (2.25-3) 0.545

Reinforcer 2 12 (10-12) 12 (11-12) 0.504

Enabler 3 (2-3) 3 (2-3) 0.109

Behavior 52 (48.25-56) 54 (50-57.75) 0.854

Note. IQR: Interquartile range. Data were analyzed using the 
Mann-Whitney U test.
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Moreover, the final model significantly explained 52% 
of the variance in safe street-crossing behavior [R² = 0.52, 
F (11, 78) = 8.37, P < 0.001]. Table 2 presents the results of 
the regression analysis.

Attitude (β = .26, P = .032), reinforcer 2 (β = .32, P = .013), 
and enabler (β = .22, P = .037) were significant predictors 
of safe street-crossing behavior. Among educational 
resources, friends had a significant positive effect (β = .31, 
P = .015), whereas radio/television had a significant 
negative effect (β = -.44, P < .001).

Post-Intervention Findings
Post-intervention comparison revealed no significant 
difference in reinforcer 1 between groups. However, 
reinforcer 2 (P = 0.005), enabler (P = 0.044), and behavior 
(P = 0.002) substantially differed between the intervention 
and control groups (Table 3).

Significant baseline differences in knowledge and 
attitude scores between the intervention and control 
groups precluded valid direct comparisons of post-
intervention scores, and change score analysis was utilized 
accordingly. Given the non-normal distribution of the 
data, between-group comparisons were conducted using 
the non-parametric Mann-Whitney U test. The results 
represented a significant increase in knowledge change 
in the intervention group versus control (P = 0.013), 
with median scores of 21 and 19 points, respectively. The 
intervention group’s median attitude change was higher 
but not statistically significant (Table 4).

Before the intervention, no significant gender difference 

in mean safe street-crossing scores was observed in either 
group. Post-intervention, however, a significant gender 
difference appeared in the intervention group, with boys 
scoring higher than girls. Finally, no gender difference was 
found in the control group (Table 5).

Findings of Non-Behavioral Factors
Data collected using the checklist in the non-behavioral 
domain indicated that out of 30 checklist items, 13 
exhibited deficiencies related to laws and regulations 
(1), human resources (2), financial resources (3), and 
equipment and facilities (7). Following the intervention, 
7 of these deficiencies were resolved, while no changes 
occurred in the remaining 6 items, including human 
resources (2), financial resources (3), and equipment-
related issue (1).

Discussion
Our findings demonstrated that the intervention based 
on the PRECEDE-PROCEED model significantly 
enhanced knowledge, attitudes, reinforcing and enabling 
factors, and ultimately, safe street-crossing behavior. As 
a comprehensive and structured framework for planning 
educational interventions, the PRECEDE-PROCEED 
model facilitates multilayered analysis of factors that 
influence behavior.27

After the educational intervention, significant increases 
and positive changes were observed in knowledge levels 
and participants’ attitudes toward traffic safety behaviors, 
respectively. Although increased knowledge alone does 
not guarantee safe behavior, it serves as a foundational 
prerequisite for attitude change and practical action.28 
Despite greater attitude changes in the intervention 
group, these changes were not statistically significant. This 
finding is noteworthy and may be attributed to cultural 
factors or the insufficient duration of the intervention to 
produce a measurable shift in attitudes, which aligns with 
the findings of previous studies, emphasizing the positive 
impact of structured educational programs on enhancing 

Table 2. Multiple Regression Analysis Results for Predicting Safe Street-
Crossing Behavior Among Students

Predictor B SE β t P-Value

Constant 10.76 8.65 - 1.24 .218

Knowledge 0.45 0.35 .15 1.29 .202

Attitude 0.67 0.31 .26 2.20 .032*

Reinforcer 1 0.30 1.15 .03 0.26 .796

Reinforcer 2 0.91 0.35 .32 2.55 .013*

Enabler 1.60 0.75 .22 2.14 .037*

Police 2.11 1.15 .20 1.85 .070

Teacher 2.08 1.17 .19 1.78 .080

Family 0.37 1.19 .03 0.31 .756

Radio/television -5.45 1.43 -.44 -3.82  < .001**

Friends 5.47 1.18 .31 2.51 .015*

Note. SE: Standard error of the mean.

Table 3. Scores of Safe Street-Crossing Dimensions in the Intervention and 
Control Groups After the Intervention

Variable
Intervention Group 

Median (IQR)
Control Group 
Median (IQR)

P-Value

Reinforcer 1 3 (2-3) 3 (2-3) 0.156

Reinforcer 2 12 (11-12) 11 (9-12) 0.005*

Enabler 3 (3-3) 3 (2-3) 0.044*

Behavior 56 (53-58) 53 (4-55) 0.002*

Note. IQR: Interquartile range. *Significant at P < 0.05. The Mann-Whitney U 
test was used to analyze the data.

Table 4. Comparison of Changes in Knowledge and Attitude Scores Between 
Intervention and Control Groups

Variable
Intervention Group 

Median (IQR)
Control Group 
Median (IQR)

P-Value

Knowledge changes 21 (19-23) 19 (18-21.75) 0.013*

Attitude changes 1 (0-2.75) 0 (0-2) 0.061

Note. IQR: Interquartile range. *Significant at P < 0.05. Data underwent 
analysis using the Mann-Whitney U test.

Table 5. Comparison of Safe Street-Crossing Behavior Scores Between Girls 
and Boys After the Intervention

Group Gender Median (IQR) P-Value

Intervention
Girls 53 (52–56.75)

0.002*

Boys 58 (56–59)

Control
Girls 51 (47–54)

0.092
Boys 55 (47.25–57.75)

Note. IQR: Interquartile range *Significant at P < 0.05. Data were assessed 
using the Mann-Whitney U test.
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awareness of traffic hazards.29-33

These studies reported that educational interventions, 
whether through multimedia educational packages or face-
to-face classes, remarkably increase knowledge related to 
safe traffic behaviors among children and adolescents. In 
the aforementioned studies, children in the intervention 
groups exhibited a higher tendency to comply with safety 
measures following the training, indicating the direct 
effectiveness of education in internalizing safe behaviors. 
Evidence confirms that theory-based educational 
interventions effectively enhance safety knowledge 
while reducing risk-taking behaviors. These programs 
facilitate behavioral changes through dual mechanisms 
of awareness-raising and attitude modification, 
thereby establishing critical cognitive foundations for 
safer practices.34

Likewise, the intervention group demonstrated 
significant improvements in reinforcing factors, enabling 
factors, and safe behaviors compared to controls. 
Similar results were found by Fisa et al, representing 
that multifaceted education can impact behavioral 
components.35 This finding highlights the critical role 
of the educational environment and school support 
structures in shaping safety behaviors, particularly among 
children and adolescents. More precisely, these elements 
not only enhance motivation for repeated safe behaviors 
but also contribute to the consolidation and internalization 
of these behaviors within the child’s procedural memory.36

Based on the results of the multiple regression analysis, 
individual attitudes, school-based reinforcing factors, and 
environmental enablers were significant predictors of safe 
street-crossing behavior, whereas knowledge alone had no 
independent effect on behavior. This finding conforms to 
behavioral health theories, which assert that awareness 
and information alone are insufficient for behavior 
change; positive attitudes, self-efficacy, and supportive 
environmental and social factors are essential as well.34 
Similar studies emphasized that effective educational 
programs not only convey knowledge but also address 
environmental and social determinants of behavior.37, 

38 Accordingly, empowering individuals with resources, 
structural support, and behavioral incentives is crucial for 
sustaining safe behaviors.

Notably, peer influence was a significant positive 
predictor of students’ safe street-crossing behavior, while 
radio and television had a negative impact. This issue 
suggests that traditional media may be ineffective or even 
counterproductive in promoting safety, underscoring the 
need for aligning media content with official traffic safety 
education objectives.

The positive impact of peers on safe behavior underlines 
their role as key agents of social learning and behavioral 
modeling. At this developmental stage, peer interactions 
serve as powerful social reinforcers shaping students’ 
adoption or rejection of traffic safety behaviors.

A key finding was the emergence of a gender 
difference in safety behavior post-intervention, with 
boys outperforming girls an effect absents at baseline. 

This indicates the need for gender-sensitive educational 
designs. Recent studies suggest boys frequently respond 
more effectively to interventions emphasizing practical, 
participatory, and experiential learning.39, 40 However, 
these differences must be viewed within a complex 
psychological, social, and cultural context, cautioning 
against broad generalizations.

In the non-behavioral domain, deficiencies in regulations, 
human resources, and equipment revealed that education 
alone is insufficient to improve safety behaviors. Thus, 
strengthening environmental infrastructure is essential, 
underscoring the necessity of intersectoral collaboration 
and structural policy measures, as education alone 
cannot sustain behavioral changes without supportive 
infrastructure.41 This finding is in line with the World 
Health Organization’s call for multidimensional strategies, 
combining education, engineering, and enforcement, to 
advance traffic safety.42

A structured behavioral model, school-based 
intervention, and robust evaluation were the strengths 
of this study. However, cautious interpretation is 
advised due to the short follow-up, baseline imbalances, 
limited generalizability, lack of gender tailoring, partial 
environmental improvements, and reliance on self-
reported data. Moreover, our sampling of public and 
private schools, as well as affluent and less affluent 
regions, was constrained by administrative and logistical 
limitations. As a result, the final sample was not completely 
proportional to the broader school population, which may 
have limited the generalizability of our findings.

Hence, future research should address the limitations 
associated with the study. In addition, future investigations 
are encouraged to incorporate larger, more diverse samples 
across multiple sites. Ultimately, future works should 
employ qualitative analyses of media content to elucidate 
potential mechanisms underlying this relationship.

Conclusion
The findings of this study confirmed the effectiveness 
of structured educational interventions grounded in the 
PRECEDE-PROCEED model in enhancing students’ safe 
street-crossing behaviors. Given the preventable nature of 
many child traffic accidents, it is recommended that such 
interventions be institutionalized as ongoing, nationwide 
school programs. Likewise, complementary actions, 
such as revising mass media content, addressing gender-
specific needs, and investing in safety infrastructure, are 
crucial to support sustained impacts.
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