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Abstract: This review evaluates the efficacy of two delivering methods for primary school students: computerized
behavioral-skills training and non-computerized behavioral-skills training across fire safety, road safety, cyber
safety, and abduction prevention. Evaluating forty relevant studies through sieve (design, scale, attrition, and
outcome measure quality) this review reveals mixed findings. Despite prevalent limitations in many studies, such as
inadequate comparators and small sample sizes, computerized delivery appears more effective for fire and road safety
programs, while non-computerized methods show higher efficacy in cyber safety and abduction prevention programs.
The results highlight the need for tailored delivery methods in specific safety education programs, this review
underscores the importance for educators, researchers, and policymakers to discern the most suitable approaches for
each program, enhancing the overall quality of safety education initiatives.
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Introduction

Children often lack knowledge of self-protection in
dangerous situations (Beck & Miltenberger, 2009). Safety
education programs, BST (Behavioural Skills Training)
and CBST (Computerised Behavioural Skills Training),
are effective methods for teaching primary school children
safety skills to prevent them from getting hurt (Vanselow
& Hanley, 2014). BST involves direct instruction,
modeling, rehearsal, and feedback (Beck & Miltenberger,
2009), while CBST (Jostad & Miltenberger, 2004) applies
multimedia, such as video recordings, to modify children's
behavior without direct teacher instruction. While both
methods are effective, previous reviews of BST and CBST
mostly focus on the effectiveness of a specific teaching

method within a certain program (e.g.. the effectiveness of

BST for fire safety education) rather than comparing these
two methods within the same program (e.g., Lazarinis et
al., 2020; Raftery & Wundersitz, 2011). This study aims
to evaluate the effectiveness of BST and CBST in teaching
primary school safety education programs worldwide,
including FSE (Fire Safety Education), RSE (Road Safety
Education), CSE (Cyber Safety Education), and AP
(Abduction Prevention).

Hwang et al., (2006) conducted a randomized controlled
trial in which the short-term effectiveness of the BST
method in teaching fire safety knowledge was investigated.
The experimental group (BST) showed improvements
in both behavioral and knowledge tests compared to the
control group (national leaflet), suggesting that BST is more
effective than the national leaflet in adjusting children's
fire misuse behavior in the short term. Lambie and Randell
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(2010) found that even six months after BST training, none
of the children with a history of fire misuse displayed fire-
setting behaviors or intentions. While a serious history of
fire misuse may hinder continuous improvement, BST still
demonstrated significant short-term adjustments to unsafe
behavior.

For RSE, Fraser and Sentsho (2012) observed persistent
unsafe crossing behaviors despite children's knowledge
of traffic rules, but BST intervention led to over 80% of
children adopting safer habits. Previous RSE studies (Ikeda
et al., 2020; Fraser & Sentsho, 2012) indicated BST's
effectiveness in enhancing road safety knowledge and
rectifying unsafe conduct in the short term. However, they
also found that most children were already aware of traffic
rules before training. It could be deduced that these unsafe
behaviors are not caused by a lack of knowledge, and BST
could help children adjust to proper behavior in the short
term. For long-term effects, Alonso et al., (2018) found that
after three months, more than half of the children resumed
unsafe habits, such as crossing on red lights. Despite BST's
evident short-term and knowledge impacts, its long-term
influence on road safety behaviors remains uncertain.

Given that over 8 million children go missing annually
during unsupervised play or separation in public areas
(Safeatlast, 2022), abduction prevention (AP) programs
for children have started to gain attention. Previous studies
(Carveretal., 2000; Tarasenko et al., 2010) evaluated BST's
efficacy in AP lessons for 7-year-olds and found positive
behavioral test results. Subsequent research combined in-
situ training with BST, using real strangers in classrooms,
which enhanced efficacy compared to BST alone and
maintained its impact over time. The study by Kulkofsky
(2021) supported these findings, showing that the BST &
in-situ group sustained correct behavior after six months,
outperforming the control group. In conclusion, combining
BST with in-situ training effectively imparts AP skills,
surpassing BST alone, with both variations demonstrating
significantly prolonged effects compared to other programs.
The CBST method has gained popularity in teaching
RSE programs, showcasing both short-term and long-
term effects. Vankov and Jankovszky's (2021) research
shows that during the post-VR session, 83.5% of children
demonstrated a significant improvement in traffic-related
knowledge and behavior compared to the pre-test. In
addition, Rawi et al.,(2015) show that applying VR in road
safety modules can generate a long-term positive impact
on primary school children. On the other hand, CBST
demonstrates a longer duration of the positive impact
compared to BST. For example, Purcell and Romijn (2017)
observed that VR users sustained correct road-safe behavior
longer than BST participants after six months. This may be
attributed to VR's realistic traffic scenarios compared to fire
safety scenarios, underpinning the lasting impact of VR in
RSE programs.

CBST is widely used in CSE (Grissom et al., 2003).
Kritzinger (2015) developed CBST games targeting cyber
safety knowledge and preventing internet addiction. These
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games guide appropriate online behavior, assessing actions
like avoiding suspicious links. Tested in five local primary
schools, the program received positive feedback, with over
half of the parents requesting parental monitoring features.
Addressing concerns, Zinkus et al. (2019) introduced
"Fakesbook," offering parental monitoring of online
activities. Despite controversy over privacy invasion and
risks, Fakesbook significantly reduced children's online
time and unsafe behaviors in beta testing. Both CBST
methods positively influence children's CSE in the short
term, indicating a notable impact on cyber safety behavior
and knowledge. However, the long-term impact of CBST on
CSE remains debatable. The results of Varcoe et al. (2020)
showed consistently positive feedback, but the sample in
this study consisted of adult women rather than children,
and there appears to be a lack of empirical evidence for
CBST's prolonged effectiveness in CSE for primary school
children.

However, few CBST apps focus on educating children
about stranger danger. Most programs are designed for
children with autism spectrum disorder (ASD) and have
shown notable short-term and long-term effectiveness.
For example, the study by Ledbetter-Cho (2021) evaluated
a game-based VR platform for teaching AP skills to
three children with ASD. The results showed that two
of the children continued to exhibit correct responses in
abduction scenarios after 16 weeks, without reporting fear
or difficulty in interacting with unfamiliar individuals,
unlike the potential side effects associated with BST. Both
short-term and long-term effects were evident in these
CBST studies, but there seems to be a lack of validity for
typical children.

In the Vanselow and Hanley's review (2014), two safety
education programs at elementary school were evaluated
using the BST and CBST methods. The results show that
postitive feedback woth a medium to large effect size
was reported for the AP program in nine out of eleven
studies. Additionally, four longitudinal studies showcased
a more substantial long-term effect with the BST method,
indicating its higher effectiveness in teaching AP skills to
primary school children. Their analysis of FSE suggested
that CBST demonstrates higher effectiveness in delivering
fire safety knowledge, supported by previous evidence
indicating a larger long-term impact of CBST on children's
FSE knowledge and behavior.

The review by Giannakakos et al., (2021) evaluated three
safety education programs (FSE, RSE, and AP) delivered
through BST and CBST methods. For FSE, the overall
results suggested that CBST might have a greater long-term
effect compared to BST. Vanselow and Hanley (2014) found
similar results in their evaluation of studies related to RSE,
indicating that CBST, especially with VR for behavioral
modification, showed a larger effect size. However, the
evaluation results of the AP program indicated that BST
might be more effective than CBST in teaching primary
school children (Vanselow & Hanley, 2014).

Previous studies show three limitations. The articles

Research on Preschool and Primary Education



reviewed by Giannakakos et al. (2021) mostly focused
on studies with relatively small sample sizes, making
it challenging to draw comparisons between the
effectiveness of teaching methods. Another limitation is the
constrained research scope; as cyber safety issues, such as
cyberbullying, have gained prominence in today's society,
evaluating the effectiveness of CSE methods has become
increasingly crucial (Zhang-Kennedy & Chiasson, 2020).
Lastly, there seems to be a lack of research standards for
evaluating research quality. These limitations impact the
depth and specificity of the conclusions drawn from the
reviewed studies.

To address these three limitations and generate more
universal suggestions for safety education programs,
this study will conduct a scoping review using published
standards to evaluate research quality. This study will
adapt the Sieve framework (Gorard, 2021) to estimate
the reliability of the chosen studies. Additionally, CSE
programs will be included in this study. Finally, the sample
sizes of the selected studies will be carefully considered
to evaluate whether they are sufficient to demonstrate the
effectiveness of BST or CBST.

Research questions

RQ1: Which method could be more effective in teaching
primary school children different safety education
programs?

RQ2: Why these teaching methods are more suitable?

RQ3: Are teaching outcomes affected by electronic device
use proficiency?

Methodology

Sieve evaluated a study from four perspectives (design,
scale, missing data, and measurement quality). If this study
was rated 4, this study has a strong design for the research
question (e.g. RCT), large scale number, minimal missing
data, and standardized, independent, reasonably accurate
measurement method (Gorard, 2021). The detail evaluation
criteria of Sieve are in Table 1.

Table 1. A 'Sieve' to assist in the estimation of trustworthiness (Gorard, p.94, 2021)

Design Scale Missing data Measurement quality Rating
Strong design for Large number of cases Minimal missing data, no Standardized, independent, 4
research question (per comparison group) impact on findings reasonably accurate
Good design for Medium number of cases Some missing data, possible ~ Standardized, independent, some 3
research question (per comparison group) impact on findings errors
Weak design for Small number of cases Moderate missing data, dardized .Né)t d . )
research question (per comparison group) likely impact on findings Standardized, Independent, major

possible errors
Very weak design for Very small numbe.r of High level of missing data, .Weak
. cases (per comparison . . measures, high level of error or 1
research question clear impact on findings
group) many outcomes
No A trivial scale of study Huge amount of missing Very weak measures 0

consideration of design

data, or not reported

Inclusion criteria
1. Primary school children from 6 to 12 years old
2. CBST include VR, AR, mobile APP and computer games

3. Children were instructed in school by teachers

Exclusion criteria

1.Non-English or Non-Chinese articles
2.Articles published before 2000

Review steps FSE

1. Searching key words in Google Scholar, Web of Science,
and ECOSB. include "fire safety education, primary school,
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elementary school, children, BST, computer, VR/AR".
2. Selecting experimental studies according to inclusion
and exclusion criteria

RSE

1. Searching key words in Google Scholar, Web of Science,
and ECOSB include "road safety education, primary
school, elementary school, children, BST, computer, VR/
AR".

2. Selecting experimental studies according to inclusion
and exclusion criteria.

CSE

1. Searching key words in Google Scholar, Web of Science,
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and ECOSB
primary school,
computer, VR/AR".
2. Selecting experimental studies according to inclusion
and exclusion criteria.

include "cyber/online safety education,
elementary school, children, BST,

AP

1. Searching key words in Google Scholar, Web of Science,
and ECOSB. include "Abduction prevention, primary
school, elementary school, children, BST, computer, VR/
AR".

2. Selecting experimental studies according to inclusion
and exclusion criteria.

Result

FSE

The initial three BST studies investigated community-
based fire safety presentations using pre- and post-tests,
questionnaires or behavioral tests (e.g., activating fire
alarms). The study by Charez et al. (2013) indicated the
positive effect of the Danger Ranger talk on fire safety
knowledge; however, tests of behavior change related to
fire misuse appear to be lacking. In contrast, Giannakakos et
al. (2018) applied behavioral tests and showed a significant
increase in emergency response after the lectures, but

the sample size appears too small to draw generalizable
conclusions. Two experimental designs highlighted the
positive impact of community-based lectures and their
long-term effects. Lehna and Erika (2014) observed
positive outcomes in both the group with the national guide
and the group with the community-based lecture groups,
with slightly better results in the experimental group.
Kolko (2001) similarly noted long-lasting effects from
community-based lectures, attributing their effectiveness
to adaptability and student engagement.

In contrast, three CBST studies employing pre- and
post-baseline designs show the significant influence of the
intervention. Cakiroglu and Gokoglu (2019) and Houvouras
and Harvey (2014) indicated the significant impact of
VR technology and computer programs on fire safety
education, demonstrating both immediate and sustained
effects. Similar findings were also reported by Oliva et al.,
(2019). Smith and Ericson's (2019) randomized control
study favored VR over community-based teaching for fire
safety, showcasing shorter response times to fire alarms in
the VR group. Bickel (2017) observed significantly higher
knowledge increments in the digital app group compared
to the paper card group, while Morrongielli et al., (2012)
echoed the superiority of VR over community-based
lectures, revealing sustained effectiveness even after six
months and suggesting VR's superior long-term impact.
The details of the study design and results of the "Sieve"
evaluation can be found in Table 2.

Table 2. Evaluation for fire safety education programs

Design Sample size Test method Effectiveness Sieve rating
Chavegz, et.al., Pre- and post- baseline . . o
(2013) (P) design (3) 166 (4,4) Questionnaires (2) 77.1% 2
Giannakakos, et.al.,  Pre- and post- baseline . . o
(2018) (P) design (3) 6(1,1) Behavioural test (observation) (1) 83.3% 1
Le(l;tz)ali; }(Elgka Experimental design (4) 57 (3,3) Behavioural test (observation) (2) 96.6% 2
Kolko (2001) (P)  Experimental design (4) 30(2,2) Behavioural test (observation) (2) 100% 2
Houvouras & Pre- and post- baseline . . o
Harvey (2014) (P) design (2) 3(1,1) Behavioural test (observation) (1) 66.7% 1
Cakiroglu & Pre- and post- baseline . . o
Gokogln (2019) (P) design (3) 10 (1,1) Behavioural test (observation) (1) 100% 1
Oliva, et.al., (2019)  Pre- and post- baseline . o
(P) design (3) 169 (3,3) Behavioural test (RTs) (3) 80.5% 3
Bickel (2017) (P)  Experimental design (4) 20(2,2) Behavioural test (RTs) (2) 100% 2
Smith & Ericson . . o
(2009) (P Experimental design (4) 22(2,2) 22(2,2) 95.5% 2
Mornongiello, = g 0 i ontal design (4) 76 (3,3) 76 (3,3) 94.7% 3
p g

etal., (2012) (P)

Note. Numbers in the brackets represent the ratings of sieve items, and sample size include the ratings of both scale and missing data.
P represent positive effect; Neu represent neutral effect and Neg represent negative effect.
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RSE

Both Morrongiello et al. (2015) and Purcell and Romijin
(2020) applied pre-post designs to assess road safety
education programs. Morrongiello et al.,'s (2015) VR-based
lessons showed a significant improvement (96.8%) in both
knowledge and behavior, whereas Purcell and Romijin's
app-based intervention showed an increase in knowledge
enhancement (83%). However, due to the lack of behavioral
evaluation and a high dropout rate (82 children), the
validity of this study was diminished. In contrast, Cerasi et
al., (2021) and McComas et al., (2002) compared VR and
BST methods, revealing VR's higher effectiveness in both
knowledge and behavior. Unlike the previous studies that
recruited children as participants, Salfarina et al., (2021)
designed an iPad game for road safety but relied on the
ratings of experts, 75.9% of whom found the game useful.

Although it seems useful for teaching children the RSE
program, it would be better to test it with actual children.
In BST studies, Trevino-Siller et al., (2016) and
Nkuruho et al., (2021) found that children exhibited both
positive knowledge and behavior changes after the BST
intervention. Additionally, Alonso et al., (2018) observed
significant knowledge improvement but minor behavior
changes in a larger sample, suggesting ambiguous
efficacy regarding behavior change. Zeedyk et al., (2001)
demonstrated a substantial knowledge increase but limited
behavior change (30%), attributed to a significant dropout
rate (73 children), which impacted the validity of the
results. Bojesen and Rayce (2019) compared textbook and
BST learning, demonstrating BST's superior knowledge
acquisition (large effect size: 0.18) but found no significant
behavioral difference. The details of the study design and
results of the "Sieve" evaluation can be found in Table 3.

Table 3. Evaluation for road safety education programs

Design Sample size Test method Effectiveness Sieve rating
. Pre- and post- uestionnaires &
Morrongiello et al., (2015) (P) baseline desﬁgn @) 95(2,2) B%havioural test (2) 96.8% 2
Salfarina et al., (2021) (P) bagﬁ;g’g‘lgg’(z) 120(2,2)  Expert evaluation (0) 75.9% 0
Purcell & Romijin (2020) (P) bagﬁ;g’g‘lgg’(z) 218 (2,2) Questionnaire (1) 83% 1
. Experimental Behavioural test & o
Cerasi et al., (2021) (P) design (4) 61(2,2) Questionnaire (2) 48.3% 2
Experimental Behavioural test &
McComas et al., (2002) (P) design (4) 95(2.,2) Questionnaire (0) Not reported 0
Trevino — Siller et al., (2016) Pre- and post- Behavioural test & o
(P) baseline design (2) 2192.2) Questionnaire (1) 69.505% !
Nkuruho et al., (2021) (P) Pre- and post- 100 Primary Questionnaire (1) 83% 1
” baseline design (2)  Schools (2,2)
Pre- and post- Behavioural test &  80.5% Knowledge
Alonso etal., (2018) (P) baseline design (2) 1930 2.2) Questionnaire (1) 25% Behaviour !
Experimental 80.4%
Zeedyketal, (2001) (P)  design+pre- and  120(2,0) ~ Dehavioural test & Knowledge 0
Questionnaire (0) 30%
post-test (4) Behaviour
80.4%
. Experimental Behavioural test & Knowledge
Bojensen & Rayce (2019) (P) dgsign ) 3536 (4,4) Questionnaire (4) 30% & 4
Behaviour

Note. Numbers in the brackets represent the ratings of sieve items, and sample size include the ratings of both scale and missing data.
P represent positive effect; Neu represent neutral effect and Neg represent negative effect.

CSE

Studies employing CBST to educate elementary students
about cyber safety showed mixed results. Zahed et al.
(2019) and Zinkus et al., (2019) explored the impact of
computer games on cyber safety knowledge, indicating
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a positive effect on knowledge and a minor effect on
behavior change (e.g., avoiding unsafe links). However,
the observational results showed no substantial change
in unsafe behavior. According to the interview results of
Lazarinis et al., (2020) regarding the effectiveness of a
mobile teaching app, children reported that they tended to
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focus on experience rather than on learning knowledge and
adjusting behavior. For this reason, Mishna et al., (2011)
emphasized the importance of evaluating teaching apps for
their impact on behavior and knowledge rather than user
experience, which is crucial given children's extensive
online time and insufficient cyber safety knowledge
(Macauley et al., 2019). These findings suggest that while
CBST enhances awareness and knowledge, altering unsafe
behaviors remains challenging.

To test the effectiveness of BST, Ford-Gilboe et al., (2020)
conducted a randomized controlled trial (RCT) with 450
children, comparing cyber safety education via computer
games and textbooks. The experimental group exhibited
a larger effect size than the control group, suggesting the

superiority of game-based learning. Similarly, Asain et
al. (2019) noted the effectiveness of computer games in
enhancing cyber safety knowledge but lacked behavioral
assessments. Studies by Zinicola (2021), Gordillo et al.,
(2021), and Nicolaidou and Venizalou (2020) utilizing
BST showcased positive outcomes in both cyber safety
knowledge and behavior change. Nicolaidou and
Venizalou's study particularly highlighted BST's ability to
modify unsafe cyber behaviors compared to CBST, despite
the limited sample sizes in these studies. The details of the
study design and results of the "Sieve" evaluation can be
found in Table 4.

Table 4. Evaluation for cyber safety education programs

Design

Pre- and post &

Asain etal., (2019) (P) Experimental design (3)

Pre- and post- baseline
design (1)

Pre- and post-
qualitative design (0)

Zahed et al., (2019) (P)
Lazarinis et al., (2020) (P)

Ford — Gilboe et al., (2020) (P) Experimental design (3)

Pre- and post- baseline
design (1)

Pre- and post- baseline
design (2)

Zinkus et al., (2019) (P)
Zinicola (2021) (P)

Nicolaidou & Venizelou (2020) (P) Exp:rrii;:lrlltilp ((i)s:i(:n 3)
Pre- and post- baseline

Gordillo et al., (2021) (P) dosion (1)

Sample size Test method Effectiveness Sieve rating
151(2,1)  Questionnaires (1) 93.4% 1
49 (1,1) Behavioural test &  24.5% (B) |

’ Questionnaire (1) 73.5% (Q)
4(0,0) Interview (0) 100% 0
Behavioural test & o
430 3.3) Questionnaire (3) 92.5% 3
55(1,1) Questionnaire (1) 80.0% 1
10 (0,0) Questionnaire (0) 100% 0
Questionnaire &
. 80.7% (Q)
48 (3,2) BehaVl(oll;ral test 73.1% (B) 1
Behavioural test 80.7% (Q)
179(1,0) 0) 73.1% (B) 0

Note. Numbers in the brackets represent the ratings of sieve items, and sample size include the ratings of both scale and missing data. P
represents positive effect; Neu represent neutral effect and Neg represent negative effect. Q and B represent the results of effectiveness

of questionnaire and behavioural test separately.

AP

Muller et al., (2014) applied an experimental control
design to assess online behavioral training's effectiveness
in teaching abduction prevention (AP) skills to elementary
students. Results favored the online game over textbooks,
indicating higher effectiveness in both questionnaire
and behavioral tests. This suggests that CBST positively
impacts AP knowledge and behaviors. Similarly, the study
of Jones and Pozzebon (2010) and Jones et al., (2020)
showed significant effectiveness through CBST, with the
latter combining the game with textbooks, resulting in
higher effectiveness. Different from quantitative research,
Badillo-Urquiola et al., (2019) conducted qualitative
research on a mobile teaching APP for AP skills and
received positive feedback from interviews. However, the
studies above lacked knowledge and behavioral tests and
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involved only a small sample size, which hinders broader
applicability in schools.

Five BST studies indicate significant impacts on
AP knowledge and behavior. Weatherley et al., (2012)
demonstrated notable improvements in the experimental
group, similar to the findings in White et al., (2018a), which
emphasized behavioral changes. Johnson et al., (2006) and
Berube et al., (2020) incorporated in situ training, reporting
notable improvements, albeit with small sample sizes. In
contrast, White et al., (2018b) failed to show significant
behavioral changes post-BST, despite enhanced knowledge.
This study lacked a control group and had a medium-small
sample size, limiting its conclusive findings. Building on
these results, White et al., (2018c) improved their approach
with a 6-month BST session involving 611 children. The
study revealed increased AP knowledge in both groups, but
significant behavioral improvements were observed only
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in the experimental group. This suggests that while both
textbooks and BST enhance AP knowledge, long-term BST
programs are necessary to effectively modify AP behaviors.
The details of the study design and results of the "Sieve"
evaluation can be found in Table 5.

Discussion

FSE & RSE

The results regarding more effective delivery methods
for FSE and RSE were consistent with previous reviews
(Vanselow & Hanley, 2014; Giannakakos et al., 2020)

indicating that CBST (computerized skills training) can
be more effective in teaching primary school children.
The consistent results in FSE and RSE programs may be
attributed to modern technology, such as VR, which could
be more engaging for children compared to textbooks or
PowerPoint presentations when learning and practicing
safety skills in a near-real situation in the form of a
game (McComas, Pivik, & Laflamme, 1998). From the
perspective of learning outcomes, Himle and Wright
(2014) suggested that the learning results of FSE and RSE
programs for primary school children could be enhanced

through VR practice.

Table 5. Evaluation for abduction prevention programs

Design Sample size Test method Effectiveness Sieve rating
Badillo-Urquiola et Qualitative design Questionnaires & o
al., (2019) (P) (0) 6(0,0) Behavioural test (0) 96.8% 0
Muller et al., Experimental Expert evaluation o
(2014) (P) design (3) 286(3.3) 3) 75.9% 3
Pre- and post +
Jones & Pozzebon g\ i ental 64 (2,2) Questionnaire (2) 83% 2
(2010) (P) design (3)
g
Jones et al., (2020) Péi;;?ﬁﬂi%i;; 126 (3.3) Behavi'oural_test & 48.3% 5
P) design (4) Questionnaire (2)
Pre- and post + .
Weaztzl:)elr ;e)y(g al., Experimental 261 (3,3) BQ?:SVS(;E;?;ESE 1‘§L Not reported 1
design (3)
. Pre- and post + .
‘gg?gg (*g')’ Experimental 140 (2,2) Bgf:;ig‘;ﬁlﬁzs(tz‘i‘ 69.505% 2
design (3)
. Pre- and post +
\(leglltgbe)t (a}l).), Experimental 118 (2,1) Questionnaire (1) 83% 1
design (2)
White et al., Pé;;?ﬁﬁ% (I)lst;;r 611 (33) Behavioural test &  80.5% Knowledge 3
s . . o .
(2018c¢) (P) design (3) Questionnaire (3) 25% Behaviour
Experimental .
Johnson et al., . Behavioural test &  80.4% Knowledge
(20006) design + pre- and 46(2.2) Questionnaire (1) 30% Behaviour !

post-test (4)

Note. Numbers in the brackets represent the ratings of sieve items, and sample size include the ratings of both scale and missing data.
P represent positive effect; Neu represent neutral effect and Neg represent negative effect.

CSE & AP

The results indicating that BST is more suitable for
teaching children the CSE program contrast with the
findings of Giannakakos et al., (2020). This discrepancy
may be due to differences in the sample sizes of the chosen
articles, as this study includes more studies with medium
or large sample sizes rather than focusing solely on small
sample sizes. Larger sample sizes may provide more valid
conclusions about which delivery method is more suitable
for teaching children CSE. Therefore, we suggest that BST

Research on Preschool and Primary Education

is still more suitable for teaching children CSE knowledge.

The results of the AP program evaluation were consistent
with the studies of Giannakakos et al., (2020) and
Vanselow and Hanley (2014), which showed that BST
was more effective in teaching primary school children AP
programs. Additionally, empirical evidence from Baruni
and Miltenberger (2022) supports this result, demonstrating
that children exhibited more long-term positive feedback in
AP knowledge and behavior after BST lessons compared to
CBST. Therefore, it can be concluded that BST has higher
effectiveness in teaching primary school children AP skills.
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BST vs CBST

VR technology is more attractive and engaging compared
to traditional BST for delivering FSE and RSE, especially
for curious children (Freina & Ott, 2015). According
to Schwebel et al., (2014), children can achieve higher
learning efficiency when they learn in a safe, controlled
environment. Therefore, from the perspective of children's
learning experience, using VR for FSE and RSE programs
would be a beneficial option.

However, the study by Smith and Ericson (2009)
compared the learning outcomes of children from BST
and CBST groups in the area of fire safety and found no
significant difference between the learning outcomes
of the two methods. Nevertheless, further self-reported
results indicated that children were more engaged in VR
compared to traditional classroom sessions. The results
of this study suggest that although BST and CBST
methods are similarly effective in teaching children fire
safety knowledge and behavior, VR may provide a more
enjoyable learning experience. Even though this study
indicated similar effectiveness, most comparative studies
nevertheless indicate a significant difference between BST
and CBST, with CBST demonstrating a larger and longer-
lasting impact in teaching children fire safety knowledge
(e.g., Romanova et al., 2020). Therefore, the effectiveness
of BST and CBST remains a topic of debate.

For CSE, on the other hand, CBST's efficacy was not
higher than that of BST in teaching children about cyber
safety, reflecting differences in the intent of instructional
materials (e.g., Zhang-Kennedy & Chiassan, 2020).
Zhang-Kennedy and Chiassan (2020) used computer
games that emphasized entertainment and user experience
(Lazarinis et al., 2020) rather than focusing on cyber safety
learning. Although these apps showed positive results in
user training and cybersecurity awareness, their primary
purpose may require refinement. The outcomes of the AP
(abduction prevention) program were consistent with prior
research (e.g., Vanselow & Hanley, 2014), demonstrating
BST's heightened effectiveness in teaching AP skills
compared to CBST. BST's success may stem from its
focus on realistic scenarios, such as involving parents as
strangers in classrooms or playgrounds (Gunby et al., 2010).
This practical approach fosters a deeper understanding
and connection to real-life situations compared to VR
games. Unlike fire or traffic simulations in FSE and RSE
programs, AP skills can be safely trained with actual
people. Consequently, VR technology or CBST appears
less effective than BST for teaching AP skills due to their
focus on controlled, realistic scenarios (Rossi et al., 2017).

The result that BST was more effective in CSE and
AP suggests that safety knowledge requiring more real-
person involvement is better taught through BST. Poche
et al. (1988) indicated that BST can provide children with
more detailed feedback about safety behaviors, facilitating
effective learning. Baruni and Miltenberger (2022) found
that BST shows greater effectiveness when combined
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with in-situ training. In contrast, the combination of BST
and VR yielded mixed results rather than a consistently
larger effectiveness. Similar findings were demonstrated
by Johnson et al. (2006), which showed that BST plus in-
situ training was significantly more effective than BST plus
VR in AP programs. These results imply that situations that
children can easily relate to or experience in their daily
lives are better taught using the BST method (Miltenberger
etal., 2013).

Moreover, two review articles (Smith & Ericson, 2009;
McComas et al., 2002) mentioned that CBST learning
outcomes may be related to the familiarity with technology,
which could be influenced by children's location. Smith
and Ericson (2009) pointed out that the similar level of
improvement observed in children after the VR intervention
might be due to the fact that this intervention was
conducted in only one school, where the children shared
a similar level of basic knowledge about both traffic rules
and familiarity with VR. Additionally, most interventions
took place within the same school, as is the case with many
studies included in this review. Children in the same school
often come from similar family backgrounds, making it
likely that they possess similar foundational knowledge
about modern technology.

It could be argued that schools from different areas may
show significant differences in learning outcomes from
CBST programs. The results of McComas et al. (2002)
showed that children from rural areas achieved poorer
learning outcomes compared to children from urban areas.
The pre-test results suggested that children from both urban
and rural areas had the same level of basic knowledge about
pedestrian safety (this study did not assess familiarity with
technology). However, after the CBST intervention (VR),
urban children demonstrated significant improvement in
both traffic rules and unsafe behaviors, while rural children
did not. They showed a better understanding of traffic rules
and slight changes in unsafe behavior, but the changes did
not seem to last as long compared to those from urban
schools. This difference may not only stem from varying
levels of familiarity with VR but also from differences in
law enforcement and basic infrastructure between urban
and rural areas, which could influence the duration of
children's learning outcomes (Barrett et al., 2019).

In general, these additional results suggest that children
from different locations showed varying levels of
improvement after the CBST intervention, highlighting
the effectiveness of CBST. However, it is still debatable
whether familiarity with technology is related to the results
of the CBST intervention in delivering safety education
programs, as other factors, such as law enforcement and
facility complexity, could also play a role. This presents
an interesting research question for future studies.
Furthermore, the discussion of differences between rural
and urban areas also implies that in developing countries,
VR or modern technology is not as prevalent as in developed
nations. Consequently, many developing countries rely on
storytelling or traditional BST for teaching, highlighting a
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disparity in educational resources between developed and
developing regions (Figueiredo et al., 2018).

Limitation

However, this study has five limitations. The first
limitation is the restricted range of investigated safety
programs for children. According to Hwang et al., (2015),
children can also be harmed by other sources, such as
poison and bullying. Future reviews of safety education
programs could include these relevant topics to provide a
more comprehensive understanding of this field.

The second limitation is that only fully functional children
aged 6 to 12 years were studied in this review. There is
considerable research on safety education for children with
Autism Spectrum Disorder (ASD) or disabilities, as these
children are often more vulnerable than their typically
developing peers (Klas et al., 2015). Additionally, many
studies have indicated that adolescents and the elderly also
require safety education programs to acquire essential safety
knowledge. For instance, developmental psychologists
(Ellis et al., 2012) point out that it is important to modify
teenagers' risky behaviors by educating them to reduce the
motivation for engaging in dangerous activities (e.g., drug
use). The elderly, on the other hand, need to learn how to
protect themselves effectively due to their lower cognitive
abilities (Duchossois et al., 2009).

The third limitation concerns the potential bias in the
"sieve" evaluation, as the ratings were agreed upon by
only one researcher, which can lead to subjective bias. For
example, if one researcher gave a study a score of 4 while
other reviewers agreed on a grade of 3, this discrepancy
indicates the need for a more collaborative approach.
Involving multiple researchers in the rating process and
employing a double-blind review could help mitigate
potential biases.The fourth limitation is that most selected
studies were conducted in developed countries. Future
research would benefit from including findings from more
developing countries, as children in those regions often
experience riskier living conditions.

Finally, the fifth limitation is publication bias. Studies
reporting low or neutral effects of certain instructional
methods are less likely to be published, leading to potentially
misleading findings that may appear as "false positives."
However, preventing publication bias, especially in the
social sciences, remains a significant challenge (Franco et
al.,2014). The implementation of preventive measures, such
as the inoculation theory proposed by Lewandowsky and
Linden (2021), involves introducing accurate definitions
and application methods for BST and CBST. Lilienfeld
et al. (2012) suggest involving those with misconceptions
in scientific research to help distinguish accurate theories
from false beliefs, although the empirical effectiveness of
these prevention methods remains questionable.
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Future suggestions

For government

The first one is to apply CBST for FSE and RSE programs
and BST for CSE and AP programs. The second is to
balanc educational resources in different areas and try to
develop more effective methods to teach students safety
knowledge. The last one is to test and apply the prevention
methods (Lewandowsky & Linden, 2021; Lilienfeld et al.,
2012) to avoid the misuse of BST and CBST in research
and teaching. In this way, primary school children can learn
more complete safety knowledge with suitable methods by
well-trained teachers.

For researchers

To generate higher quality empirical studies about
this topic, Oberauer and Lewandowsky (2019) stress
the importance of third-party Randomized Controlled
Trials (RCTs) to validate suggestions before real-world
implementation, thereby avoiding publication bias.
Misuse and misunderstanding regarding educational
theories, exemplified by studies like Charez et al. (2013)
and Giannakakos et al. (2013), emphasize the need for
precise testing aligned with theoretical concepts to prevent
confusion about the application of BST and CBST in safety
education.

To address the limitations of this study, the first
recommendation is to include a wider range of safety
education programs in the reviews. The second is to
encompass a broader age range and not focus solely on
a fully functional sample, to discover better methods for
learning safety knowledge. The third is to aim for a larger
sample size and comparison groups when testing the
teaching methods (Vanselow & Hanley, 2014). Lastly, it is
essential to involve more reviewers when applying the sieve
evaluation to obtain fewer subjective results and include
more unpublished results. By doing so, future studies in the
safety education area will yield more objective results and
generate more universal findings and suggestions that can
contribute to safety education.
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