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Abstract

Research examining the effectiveness of technology-supported interventions on health-related
knowledge acquisition and behavior modification among school children is scant. This meta-analysis reviewed
the impact on knowledge acquisition, development of favorable attitudes towards healthy lifestyles, and the
adoption of healthy practices among school students exposed to interactive educational technologies as com-
pared to those exposed to technology-free classroom-based health education. Of 236 pertinent articles identified
through systematic literature searches, 25 primary empirical studies met the inclusion criteria; half of these were
published in and after 2015. Meta-analysis showed strong evidence of the beneficial effects of integrating educa-
tional technology into instructional practices, significantly improving the health-related knowledge of school
students (g+ = 0.50, p <.01). Smaller, yet statistically significant effects were found on the development of posi-
tive attitude towards healthy lifestyles and the adoption of healthy behaviors. Despite some limitations, the study
consistently indicates that school-based technology-supported interventions can improve outcomes pertinent to
healthy lifestyles, including knowledge, attitudes, behaviors and practices of learners. Raising awareness and
adopting healthy practices are necessary as early measures of success in preventing childhood among school
students.
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Resumen

Son escasas las investigaciones que examinan la eficacia de las intervenciones apoyadas por la tecnolo-
gia en la adquisicién de conocimientos relacionados con la salud y la modificacion del comportamiento entre los
escolares. Este meta-analisis revisé el impacto en la adquisicién de conocimientos, el desarrollo de actitudes
favorables hacia estilos de vida saludables y la adopcién de précticas saludables entre los estudiantes escolares
expuestos a tecnologias educativas interactivas en comparacion con aquellos expuestos a la educacién en salud
basada en el aula sin tecnologia. De los 236 articulos pertinentes identificados mediante blsquedas bibliogréficas
sistematicas, 25 estudios empiricos primarios cumplieron los criterios de inclusion; la mitad de ellos se publica-
ron en 2015 y después de esa fecha. El metaanalisis mostré pruebas sélidas de los efectos beneficiosos de la
integracion de la tecnologia educativa en las practicas de instruccion, lo que mejord significativamente los cono-
cimientos relacionados con la salud de los alumnos de las escuelas (g+ = 0,50, p < 0,01). Se encontraron efectos
mas pequefios, aunque estadisticamente significativos, en el desarrollo de una actitud positiva hacia los estilos de
vida saludables y la adopcion de comportamientos saludables. A pesar de algunas limitaciones, el estudio indica
consistentemente que las intervenciones apoyadas por la tecnologia en las escuelas pueden mejorar los resultados
pertinentes a los estilos de vida saludables, incluyendo el conocimiento, las actitudes, los comportamientos y las
practicas de los estudiantes. La concientizacién y la adopcion de practicas saludables son necesarias como medi-
das tempranas de éxito en la prevencidn de la infancia entre los estudiantes de la escuela.

Palabras clave: Programas de promocion de la salud, tecnologia educativa, meta-analisis, escuelas, K-12, estilo
de vida saludable.
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‘Use of Educational Technology in Promoting Health Awareness among School Stu-
dents: Results of a Meta-analysis’

Healthy life style habits not only reduce health care costs, but also contribute to in-
creased longevity and enhanced quality of life. As the disease burden in developed countries
shifted from infectious to chronic conditions, major emphasis is now placed on modifiable
risk behaviors, namely lack of physical activity, poor nutrition, tobacco use and alcohol con-
sumption (Mokdad, Marks, Stroup, & Greberding, 2004). This issue is not exceptional to the
economically affluent world. Along with economic development and income growth, the
adoption of lifestyles resembling those of developed societies has yielded the unprecedented
rise in chronic diseases in many developing countries (Muller, Alley, Schoeppe, & Vandela-
notte, 2016). Non-communicable diseases associated with these risk behaviors are not only
the most common, deadly and costly, but are the most preventable. One study reported that all
causes of mortality can be reduced by 55% if people refrain from smoking, engage in regular
physical activity, eat a healthy diet and maintain normal body weight (Van Dam, Li, Spiegel-
man, Franco, & Hu, 2008). Other prospective studies reported consistent associations of both
overweight and obesity with higher all-cause mortality in four continents (Di Angelantonio et
al., 2016). However, modifying risky behaviors is a very challenging task for public health
practitioners.

As it is easier to prevent detrimental health habits than to change them after they have
become deeply rooted in the daily practices of individuals, then attention needs to be focused
on preventing children and adolescents from adopting risk behaviors. This can be achieved by
implementing health promotion programs in schools; these programs provide students with
the basic knowledge needed to prevent illness and promote health. Several behavior change
theories consider knowledge of health risks and benefits of different health practices as a core
pre-requisite of change. The Information-Motivation-Behavioral Skills Model, for example,
considers the constructs of information, motivation and behavioral skills as fundamental de-
terminants of preventive behavior (Fisher, Fisher, & Shuper, 2009). The Social Cognitive
Theory, another model used to explain and modify behavior, relies on informing people about
health issues as this creates the pre-condition for change (Bandura, 2004). If people do not
possess the knowledge about the impact of their lifestyles on their health, then they will be
less motivated to forgo unhealthy habits that they enjoy. Hence, schools are the prime sites for
imparting health-related knowledge to their students. When properly implemented, school
health promotion programs can curtail the risk behavior among children that may jeopardize
their health as adults later on.

School health promotion programs can be more effective in meeting their objectives if
they incorporate the interactive capabilities of electronic technologies in their programs. The
information revolution has created a generation who are accustomed to learning in rich audio-
visual environments (Wyatt & Hauenstein, 2008). In addition, these technologies can deliver
health education material that is fun to read. Studies to improve students’ literacy levels have
shown that not only students enjoy electronic books more than printed ones, but students also
remember the content more clearly and answer comprehension questions more quickly (Korat
and Shamir, 2008). The systematic review by Hieftje, Edelman, Camenga, and Fiellin (2013)
showed that interventions using electronic media could improve health and safety behaviors
in young persons. In a study of students’ perception about a smartphone application designed
to promote physical activity, most participants reported that the multi-component intervention
provided them with new skills, techniques and habits for the future (Lubans, Smith, Skinner
& Morgan, 2014). Another systematic review conducted to investigate the effectiveness of
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electronic and mobile health (e-& mHealth) interventions in promoting physical activity and
healthy diets, suggested that e-& mHealth interventions can be effective in improving physi-
cal activity and diet quality in developing countries (Muller, Alley, Schoeppe & Vandelanotte,
2016). In sum, the scientific evidence of technology-supported interventions in inducing a
change in health behavior is mounting. There is reason to believe that integrating interactive
technologies in school-based health promotion programs can have a long-lasting impact on
children’s acquisition of healthy lifestyle habits. However, to the best of our knowledge, there
exist no meta-analysis studies comparing the effectiveness of school health promotion pro-
grams delivered with the use interactive technologies to those where technology was not inte-
grated. Therefore, the objective of this review is to compare the outcomes of interactive tech-
nologies use in school health promotion programs to those of traditional methods of raising
health awareness. More specifically, the review assesses the impact on knowledge acquisition,
development of attitudes towards healthy style, and adoption of healthy practices among stu-
dents. The findings can inform decision makers about the importance of integrating interac-
tive educational technologies in school health curricula.

Research Questions

This review focuses on summarizing empirical research findings regarding the effects of
technology-supported instructions aimed at the promotion of healthy life-style in compulsory
(K-12) school students on a broad variety of their cognitive, attitudinal, and behavioral out-
comes. It synthesizes research evidence on the instructional practices using computer-based
educational technology to enhance teaching and learning of the content, related to the preven-
tion of obesity and unhealthy behaviors and the promotion of physical activity, healthy behav-
iors and good eating habits.

Specifically, this study, employing the methodology of meta-analysis, addressed the
following research question:

What are the weighted average effect sizes of technology-supported versus technolo-
gy- free instructions on topics related to health promotion as reflected by students’ learn-
ing outcomes?

To clarify, the following set of secondary questions was explored:

Q1: Do school-based, technology-supported interventions affect health-related
knowledge of students?

Q2: Do school-based, technology-supported interventions affect health-related attitude
of students?

Q3: Do school-based, technology-supported interventions affect health-related practice
of students?

Q4: Do school-based, technology-supported interventions affect unhealthy food in-
take?

Q5: Do school-based, technology-supported interventions affect students’ Body Mass
Index (BMI)?

Q6: Do school-based, technology-supported interventions affect self-reported physical
activity of students?
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Outcome Measures

The students’ learning outcomes will be evaluated by following the Knowledge Atti-
tude Practice (KAP) model, a widely used framework in health education research. In the
KAP model, knowledge is defined as the acquisition, retention and use of information. It is a
mixture of education and experience. Attitude is defined as “a psychological tendency that is
expressed by evaluating a particular entity with some degree of favor or disfavor” (Eagly &
Chaiken, 1993, p. 1). Practice refers to behaviors or actions that can halt a disease or delay its
onset and /or progression. In particular, a health-related practice is a composite index includ-
ing physical activity, healthy food intake, and healthy habits. According to the KAP model,
healthy behavior occurs due to healthy attitude, which is formed due to knowledge about
healthy lifestyle practices (Wan, Rav-Marathe, & Marathe, 2016). Our set of research ques-
tions, in a way, is intended to test this model on a broad variety of relevant empirical data.

METHOD
Search Strategy and Data Sources

To locate relevant studies for the review, an array of bibliographic databases was
searched, including both discipline-specific and multi-disciplinary resources. The searches
were performed between April and July of 2017. The following databases were used: Aca-
demic Search Complete, Biosis Previews, Communication Abstracts, Communication & Mass
Media Complete, Computers & Applied Sciences Complete, Education Source, ERIC, Med-
line, ProQuest Central, ProQuest Dissertations & Theses Global, PsycINFO, SPORT Discus,
and Web of Science.

Search results were required to contain at least one term from each of three sets of
keywords for the following main concepts: 1) Health/Nutrition Education, 2) Educational
Technology, 3) K-12 Population. For example, the following combinations were used in the
searches:

("Health Education” OR "Health Literacy” OR "Health* Attitude*" OR Nutrition OR
"Health Promotion" OR ...)

AND

("Educational Technolog*" OR "Information Technolog*" OR Computer* OR Simu-
lation OR "Computer Gam*" OR "Video Gam*" OR "Blended Learning" OR ...)

AND

(Elementary OR "Primary Education” OR "Primary School*" OR "Middle School*"
OR "High School*" OR kindergarten OR ...)

All searches were conducted by a library science expert and, wherever possible, the
strategy was tailored to the available features of a database, for instance by using official con-
trolled vocabulary subject headings or grade/age level filters.

The search of bibliographic databases was supplemented by a separate strategy to lo-
cate grey literature (Schopfel & Farace, 2010). The primary tool employed was the Google
search engine, as well as two websites: LearnTechLib (the online library of the Association
for the Advancement of Computing in Education) and OpenGrey.eu (an open access collec-
tion of grey literature produced in Europe). An exhaustive single search statement is not pos-
sible using Google, so a series of searches were run, varying the keywords employed. The
first 5 pages of results were reviewed for relevant material.
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The searches produced 2,484 results, of which 1,969 abstracts were retained for re-
view after duplicates were removed.

Inclusion/Exclusion Criteria

The following criteria for a study inclusion in the meta-analysis were used:

1. Research was conducted in formal educational settings of compulsory education
(grades K through twelve) on topics related to diabetes awareness.

2. Study research design complied with the standards of either randomized control tri-
als (RCT) or high-quality quasi-experiments.

3. Study addressed an independent comparison of learning outcomes between an ex-
perimental (technology-supported) condition and those of a control (technology-free) condi-
tion in one of the categories listed earlier in the Research Question section.

4. Study contained statistical information sufficient for the effect size extraction.

Review Procedure

Two researchers (the second and third authors of the paper) reviewed each study iden-
tified by searches, first at the abstract level. Then those selected through the screening were
reviewed at the level of full-text documents using the inclusion criteria. Finally, the reviewers
discussed disagreements, when necessary inviting the third opinion. The same procedure was
implemented at the stage of effect size extraction and moderator variables coding, at which
the reviewers also ensured that only independent samples of participants were admitted and
that measures of learning outcomes were categorized according to the list outlined in the Re-
search Questions section. Inter-rater agreement rates for each of the review stages, expressed
as Cohen’s kappa coefficients, were calculated and are reported in the Results section.

Moreover, some study characteristics were coded as potential moderator variables.
Specifically, in the included research reports and document we tried to find the following in-
formation:

Student-related variables:

- Age and/or grade level,

- Socio-economic status;

School-related variables:

- Geographical region;

- School type: public or private;

Intervention-related variables:

- Duration of the instructional intervention;

- Parents' involvement in implementing instructional interventions under investigation;
and

- Control group's use of some kind of educational technology.

Effect Size Extraction and Aggregation

Routinely for intervention-type studies, effect sizes were extracted as Cohen’s d or
standardized mean difference. Whenever descriptive statistics were not available, for effect
size calculation inferential statistics, such as t-tests, F-tests, or exact p-values were used as
described in Glass, McGaw and Smith (1981) and Hedges, Shymansky and Woodworth
(1989). These effects then were converted into Hedges’ g as a correction for small sample
bias (Hedges & Olkin, 1985). This meta-analysis applied both the random effects and the
fixed effect models for aggregating extracted effect sizes (Borenstein et al., 2009). The
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weighted average point estimate, calculated by means of the former model, is more appropri-
ate to represent the true effect of the intervention in the population of this type of educational
research, while the latter analysis produces an estimate of heterogeneity of the distribution of
effect sizes to decide on the need of subsequent moderator variable analyses intended to ex-
plain systematic variations in findings using the mixed effects analytical model (Borenstein et
al., 2010; Higgins, Thompson, Deeks & Altman, 2003).

RESULTS

Out of 1,969 empirical studies, our systematic searches found, 236 were identified as
potentially relevant for the purposes of this meta-analysis. This number was further reduced at
the full-text review stage to results in the overall 25 primary empirical studies that together
produced 48 independent effect sizes in six categories of examined learning outcomes.

We calculated inter-rated agreement rates for each respective stage of the review.
These are reported below:

» Retrieval decisions (at the abstract review level) — Cohen’s kappa = 0.76;

« Inclusion/Exclusion decisions (at the full-text review level — Cohen’s kappa = 0.88);

« Identifying outcome category and extracting effect sizes — Cohen’s kappa = 0.70.

» Study features coding — Cohen’s kappa = 0.82.

EFFECT SIZES BY OUTCOME CATEGORY

Summary tables below report findings of this meta-analysis. These are weighted aver-
age effect sizes and the corresponding heterogeneity statistics in all six categories of learning
outcomes. Results produced by analyses in both random and fixed models are also reported
there. The former is used to most reliably estimate the respective effect of the treatment in the
population, while the latter produces heterogeneity estimates (see assumptions for selecting
the appropriate analytical model in Borenstein et al., 2010).

Table 1 summarizes findings within the Knowledge outcome category. Overall, nine
effect sizes produced the weighted average of g+ = 0.500, statistically significant at p < .01.
They were based on performance of 5,123 (2,712 experimental and 2,411 control) students
and ranged in magnitude from g = —0.071 (Sharma et al., 2014) to g = 1.102 (Hung et al.,
2009). Though eight out of nine effects in this category were positive, they were widely dis-
persed. The heterogeneity measure: QTotal = 90.08 (p < .01). No publication bias that would
require adjustment to the weighted average effect size was detected.

Table 1. Overall average weighted effect size (random effects model) for the final collection based on Knowledge

outcomes and heterogeneity statistics (fixed effect model)

Population Estimates k g+ SE Lower 95t Upper 95
Random Effects Model 9 0.500** 0.119 0.267 0.733
Fixed Effect Model 9 0.612** 0.029 0.555 0.668
**pn<.01

Heterogeneity Analysis Qr=90.08 (df =8), p<.01,12=91.12

The summary of results with respect to attitudinal outcomes are presented in Table 2.
The overall weighted average effect size reflecting formation of positive attitude among the
students was g = 0.296 (p < .01). However, according to the trim and fill analysis, imputation
of potentially missing (due to possible publication bias) effects on the negative side of the
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distribution could lead to the reduction in the point estimate from the observed one to g* =
0.089 and render it statistically non-significant. Significantly heterogeneous distribution of the
effects (Qrotar = 44.43, p < .01) spreading from g =-0.297 (Zhu & Dragon, 2016) to g = 0.638
(Sharma et al., 2014) contained twelve positive and one negative effect size and was based on
data collected from 2,628 individual students (1,450 — in the treatment and 1,178 — in the con-
trol conditions, respectively).

Table 2. Overall average weighted effect size (random effects model) for the final collection based on Attitudinal
outcomes and heterogeneity statistics (fixed effect model)

Population Estimates k g+ SE Lower 95t Upper 95
Random Effects Model 13 0.296** 0.091 0.117 0.474
Fixed Effect Model 13 0.221** 0.040 0.143 0.299
**p < 01

Heterogeneity Analysis Qr=44.43 (df=12),p<.01,12=72.99

Table 3 summarizes data about the effects of technology-supported interventions on
the composite index of adherence to the recommended guidelines for promoting healthy prac-
tices (including physical activity, healthy food intake, and healthy habits that reduce risk of
obesity and diabetes). The overall weighted average effect size of g* = 0.243 was statistically
significant (p = .023), but relatively low in magnitude. Moreover, statistical adjustment (im-
putation of potentially missing negative effects) to compensate for the influence of publica-
tion bias would bring it down to statistically non-significant g* = 0.137. Based on a total sam-
ple of 4,251students (2,218 — experimental and 2,033 — control), the distribution of individual
effects was significantly heterogeneous (Qrotar = 111.75, p < .001) ranging from g = —-1.139
(Zhu & Dragon, 2016) to g = 1.093 (Barbee & Bennett, 2016) and included five negative and
eleven positive effect sizes.

Table 3. Overall average weighted effect size (random effects model) for the final collection based on Com-
bined “Physical Activity’, ‘Healthy Food Intake’, and ‘Healthy Habits’ outcomes and heterogeneity statis-
tics (fixed effect model)

Population Estimates k g+ SE Lower 95t Upper 95t
Random Effects Model 16 0.243* 0.107 0.033 0.453
Fixed Effect Model 16 0.161** 0.031 0.100 0.222
*p<.05 **p<.01

Heterogeneity Analysis Qr =111.75 (df = 15), p < .001, 1> = 86.58

Table 4 summarizes findings in the “Unhealthy Food Intake” outcome category. Cal-
culated on the basis of four individual cases and encompassing 889 students, the overall
weighted average effect size of g* = 0.294, was statistically significant (p < .01) and margin-
ally homogeneous (p = .052). All individual effects were positive and ranged from g = 0.115
(Smith et al., 2015) to g = 0.599 (Sharma et al., 2014).
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Table 4. Overall average weighted effect size (random effects model) for the final collection based on “Unhealthy
Food” Intake outcomes and heterogeneity statistics (fixed effect model)

Population Estimates K g+ SE Lower 95t Upper 95
Random Effects Model 4 0.294** 0.114 0.070 0.518
Fixed Effect Model 4 0.257** 0.068 0.124 0.391
**p<.01

Heterogeneity Analysis Qr=7.72(df=3),p=.052, 1°=61.14

Tables 5 and 6 report the summary of findings for the outcome categories of Self-
Reported Physical Activity and Body Mass Index, respectively. The corresponding weighted
average effect sizes of g* = 0.225 and g* = 0.019 were non-significant. Any interpretation of
these results should be cautious, as both collections counted only three individual effect sizes,
unlikely to be sufficiently representative of the entire population. Moreover, the respective
sample sizes were also rather limited: 661 students in the first and 575 students in the second
outcome category. However, it is worth mentioning that individual effects were positive in
either outcome category. As it would be expected for collections with so few cases, both were
homogeneous.

Table 5. Overall average weighted effect size (random effects model) for the final collection based on Self-
Reported Physical Activity outcomes and heterogeneity statistics (fixed effect model)

Population Estimates k g+ SE Lower 95t Upper 95
Random Effects Model 3 0.225( 0.123 -0.015 0.466
Fixed Effect Model 3 0.183* 0.078 0.030 0.335
*p=.019

Heterogeneity Analysis Qr=2.88 (df=2),p=.24,12=30.51

Table 6. Overall average weighted effect size (random effects model) for the final collection based on Body Mass
Index (BMI) outcomes and heterogeneity statistics (fixed effect model)

Population Estimates k g+ SE Lower 95"  Upper 95"
Random Effects Model 3 0.019() 0.083 -0.145 0.182
Fixed Effect Model 3 0.019 0.083 -0.145 0.182
Both models — non-significant

Heterogeneity Analysis Qr=0.139 (df =2), p=.93,12=0.00

Several categories of study characteristics were coded as described in the Method sec-
tion to possibly be used in capacity of moderator variables for explaining systematic variabil-
ity in documented effect sizes. Unfortunately, information for some (e.g., socio-economic
status of the students’ families or public vs. private status of the school settings in questions)
was not reported in the majority of the studies admitted to this meta-analysis. Also, as sum-
mary tables above clearly indicate, three out of six investigated outcome categories were rep-
resented by too few cases to enable a proper moderator variable analysis. In other three out-
come categories, the levels of the majority of coded moderator variable were represented by
disproportionate number of cases, also violating conditions for meaningful interpretation of
the corresponding between-level statistical comparisons.
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Nevertheless, some observations could be reported descriptively. For example, there
was a tendency toward higher effects of the interventions that somehow involved students’
parents into their implementation (e.g., Struempler et al., 2016: g = 0.786 in the Knowledge
outcome category; or Gonzalez-Cutre, 2014: g = 0.555 in the Attitudes outcome category).
Neither age of learners, nor geographic area significantly influenced the magnitude of the
intervention effects. However, with respect to duration of the treatment, there was an overall
trend for longer interventions to produce higher outcomes (e.g., Shen, Hu, & Sun, 2015: g =
0.821 & g = 0.591 in the Knowledge and Attitudes outcome categories, respectively)

DISCUSSION

To researchers’ knowledge, this is the first meta—analysis of the effects of technology-
supported interventions on the health-related knowledge acquisition and behavior modifica-
tion among school children. Despite the modest number of studies that met our inclusion cri-
teria, there was a strong evidence (0.500, 95% CI: 0.267 to 0.733) of the beneficial effects of
integrating technology-supported instruction on significantly improving the health-related
knowledge of school students. Our findings also suggest a statistically significant effect of
computer-based interventions on the formation of positive attitude towards healthy lifestyle,
although the effect size was low to moderate (0.296, 95% CI: 0.117 to 0.474). These findings,
as predicted, are consistent with those reported by Papastergiou (2009) who found that the use
of electronic games as educational tools might improve young people’s knowledge, skills,
attitudes and behaviors in relation to health and physical exercise. One article included in this
review investigated the relationship of 'Knowledge in Action’ fitness lessons on the acquisi-
tion of health-related fitness knowledge (Hodges, Kulinna & Mars, 2016). This study showed
that this technology-supported fitness intervention was a predictor of health-related fitness
knowledge. To examine the improvements in children's health-related knowledge, attitudes
and behaviors, Palmer, Graham, and Elliot (2005) evaluated the impact of the e-Learning
module on the middle-school students’ physical activity knowledge, attitudes and behaviors.
The researchers found that the Sth grade students’ health-related fitness knowledge could be
significantly increased through a sound web-based program, which was also seen to positively
affect participants’ attitudes toward physical activity. Similar finding was reported by the me-
ta-analysis by Edwards, Noyes, Lowes, Spencer and Gregory (2014) who determined the ef-
fectiveness of educational interventions on children with Type 1 Diabetes. Their major find-
ing was that educational interventions significantly increased knowledge and confidence of
children. However, this result needs to be interpreted with caution as it is not clear if the in-
terventions were technology-supported.

Back in 1993, Goldfine and Nahas reported that if students possess information about
health-related fitness benefits, they will be more likely to make informed decisions about ex-
ercise and fitness, develop more positive attitudes toward physical activity, and choose more
active lifestyles than individuals who were not exposed to such information. Another re-
searcher argues that teaching fitness knowledge in physical education is fundamental in pro-
moting lifelong physical activity (Ennis, 2010). A recent systematic review and meta-analysis
of the overall effects of school-based obesity prevention interventions found that emphasizing
enjoyment in physical activity sessions was critical for single-component (as opposed to mul-
ti-components) physical activity interventions (Liu et al., 2019). Because of their interactive
capabilities, students reported that technology-supported interventions were fun (Papaster-
giou, 2009). In our review, knowledge acquisition had the highest effect size. In order to max-
imize the impact of knowledge acquisition, schools are encouraged to include technology-
supported instructions in their health education/physical activity programs. Adopting such an
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approach can be a useful public health strategy to combat the epidemic of obesity among
school students.

In addition to knowledge acquisition and the development of favorable attitudes, a sta-
tistically significant effect of the technology-based interventions on the adoption of healthy
practices was found, although the size was small (0.243, 95% CI: 0.033 to 0.453). A similar
finding was reported in a systematic review of electronic, media-based health interventions
promoting behavior change in youth (Hieftje et al., 2013). However, Hieftje and colleagues
called for better quality evaluations of electronic-based interventions. By targeting school-
based interventions studied by the RCT and quasi-experimental research, our present meta-
analysis has addressed this gap in the current literature. However, this very fact that our re-
view was only limited to school-based interventions may account for the small effect size of
the technology-supported interventions on the adoption of healthy practices. Though evidence
Is supporting the integration of these technologies in the school health promotion curricula,
these interventions should not be expected to mitigate the obesigenic factors that students en-
counter on a daily basis. Interventions at multiple layers of influence are needed to enable
students to become resilient to the unhealthy trends in the society at large.

An additional significant effect of technology-based interventions was a reduction in
unhealthy food intake (0.294, 95% CI: 0.070 t00.518), another favorable positive practice.
This finding is similar to those reported by Cullen, Watson, Baranowski, Baranowski, and
Zakeri, (2005) who reported an increase in the consumption of fruit, 100% juice and vegeta-
bles by the experimental group who received the technology-based intervention. Vio, Salinas,
Montenegro, Gonzalez, and Lera, (2014) also reported a significant decrease in unhealthy
food consumption practice after the implementation of a school-based, technology-supported
nutrition education programs for children aged 7-9.

According to the KAP model, people may modify their health and lifestyle behaviors
if they have specific knowledge about how their behaviors can increase their disease risk (Xu,
Wang, Xiang, Wang, Ye, & Ware, 2017). This model has been extensively used in several
health behavior-related studies (WHO, 2008; UNICEF, 2017). Our study provided further
evidence to this framework so that better knowledge gained through technology-supported
awareness interventions promoted good attitudes and ultimately led to the desirable positive
change in behaviors. Hence, school-based, technology-supported intervention are effective in
promoting knowledge acquisition, development of favorable attitudes and positive behavioral
changes.

This review did not report a significant effect on self-reported physical activity. Cau-
tion is needed when interpreting this finding as it is based only on three individual effect siz-
es. Nevertheless, this lack of significance can be attributed to the short duration of the inter-
ventions in the RCT studies that were included in our analysis. An intervention of long-term
duration (6 months and longer) was implemented only in one study; in other studies, the in-
terventions lasted from 1 week - 5 months. Hence, short-term interventions might not be
strong enough to instill physical activity habits among school students. In addition, self- re-
ported behavioral data can be biased by social desirability and inaccurate responses. A study
about self- reported physical activity showed substantial differences in the prevalence esti-
mates between subjective measured physical activity and objective criterion measures
(Monyeki, Moss, Kemper, & Twisk, 2018). Thus, for future physical activity research, it is
recommended to use a combination of subjective and objective physical activity assessment
methods.

As for weight control, our review found that technology-supported interventions did
not lead to statistically significant effects on Body Mass Index (BMI). It is worth mentioning
that this sub-analysis included only three individual effect sizes, unlikely to be sufficiently
representative of the entire population, especially considering that the sample size was 575
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students. In the meta-analysis of 12 randomized interventions of school-based physical activi-
ties, Guerra, Nobre, Silveira, and Taddei (2013) reported a similar finding. However, there is
controversy in the literature about the relationship of school-based interventions and BMI. A
review by Katz (2009) clearly demonstrated that school-based interventions had significant
effects on weight. This resonates with the findings from Waters et al. (2011) who reported
beneficial effects of health-related interventions on the control of childhood obesity based on
BMI measurement. However, our review was limited only to interventions within the school
premise whereas Waters et al. (2011) review also included out of school interventions. The
use of multiple concurrent interventions, duration and intensity of the intervention, and the
inclusion of studies with different study designs may explain the discrepancy in the findings
of several reviews. The Cochrane Review by Summerbell et al. (2005) reported that a multi-
media approach, focusing on physical activity alone, to be effective in preventing childhood
obesity. An RCT study showed that a multi-component physical activity intervention for one
school year had a favorable result on BMI (Kriemle et al., 2010). An updated Cochrane re-
view (Brown et al., 2019) about preventing childhood obesity reported the effect size that
varied as a factor of student age and whether a standalone program or combined interventions
were used. In young children aged 0 to 5 years, interventions that included diet combined with
physical activity interventions reduced the risk of obesity whereas for students in the age
group 6 to 12 years, physical activity interventions reduced obesity risks. Though Brown et al.
(2019) reviewed RCT studies, caution should be used when comparing our results with theirs.
They included interventions outside the school setting and it was not clear if the interventions
were technology-supported.

The studies included in Katz (2009) review incorporated a broad range of interven-
tions to impact the weight status of the student population. Some of these interventions were:
classroom (or after-school) instruction; participatory/hands-on, skill-building student activi-
ties, provision of print materials, teacher training for program implementation, student compe-
titions, physical activity programs in addition to routine physical education, and training in
behavioral techniques or coping skills. Katz (2009) advocated for examining strategies for the
optimal blending of these intervention approaches. Developing technology-supported instruc-
tions, based on established health promotion theories, will help in addressing this recommen-
dation. In addition to supporting experiential learning, technology-supported instructions can
be personalized and can provide immediate feedback to the learner and increase learner en-
gagement (Hieftje et al., 2013). The school will be the ideal setting for the implementation of
these technology-supported interventions to promote healthy behavior as schools can foster
and motivate the adoption of healthy behaviors from an early age.

To reap the maximum benefits of the school-based technology-supported interventions
on BMI, the duration of the intervention should be at least one school year. This one-year
period may be sufficient to inspire school students to adopt long lasting healthy practices.
However, although the school environment should be conducive to the implementation of
interventions aimed at promoting healthy lifestyles and practices that prevent illness, from the
ecologic perspective this is not sufficient. There are other social, political and community
factors that impact the attainment of lifelong healthy habits among students. Assessing the
effect of school-based technology-supported interventions on BMI, in isolation from other
influences, maybe another reason for the lack of statistically significant effect on BMI that our
review found. Hence, to achieve the overall public health objective of reducing childhood
obesity, then there is a need to address these factors in tandem by adopting several public
health strategies at each level of the socio-ecologic model.
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LIMITATIONS

This review was limited to RCT and quasi-experimental studies that examined tech-
nology-supported, behavioral interventions intended to combat the childhood obesity epidem-
ic. It did not include interventions that aimed to modify the physical environment in ways that
are conducive to the adoption of healthy practices. As these environmental interventions are
making significant impacts, future studies that include the combined evaluation of behavioral
programs and environmental interventions are warranted.

Our review did not evaluate the cost-effectiveness of technology-supported, behavioral
interventions programs in a school setting. Though this can be a topic of further research, the
use of economic tools to evaluate public health intervention programs is not always feasible.

RECOMMENDATIONS

The school-based technology-supported interventions resulted in changing unhealthy
behaviors and the adoption of healthy lifestyle patterns. We recommend integrating technolo-
gy-based interventions into the health education curriculum of schools. Having technology-
supported health education program in schools will help students to acquire life-long healthy
behaviors, habits that are in dire needed to be instilled in the youngsters to combat the grow-
ing demand of consumerism.
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