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Obesity and diabetes are two of the biggest public health problems in
the modern world. One possible way to combat the rising prevalence
of these diseases is through the spread of awareness about its conse-
quences and how to prevent them. Therefore, educational interven-
tions focused on teaching the physiological basis of these conditions
might be valuable tools. However, most scholar curriculums lack
high-quality material devoted to this topic. Thus we developed an
educational booklet, composed of playful elements, targeted toward
high school students and destined for application in classrooms. The
efficacy of the developed material was validated through a pretest-
posttest design, in which the students had to answer a 10-question test.
After booklet completion, students had better outcomes, with an
increase in the percentage of correct answers in 7 out of 10 questions
contained in the test (P � 0.05). Thus we developed an effective
material for usage in the high school classroom to spread the aware-
ness of the risks of metabolic diseases and how to prevent them.
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INTRODUCTION

Obesity is a chronic disease that has drastically increased
worldwide over time, doubling its prevalence in the past 35 yr
(3). In 2014, 11% of the male and 15% of the female popula-
tion around the world were obese (3). If this situation persists,
one-half of the world’s population could be obese in 2030 (22).
In addition, there is also a large economic burden associated
with obesity. Data from 2014 demonstrated that the costs
related to obesity, including healthcare and productivity loss
associated with mortality and disabilities, were estimated to be
around US $2 trillion, which corresponds to almost 3% of the
worldwide gross domestic product (22).

Furthermore, diabetes is also a widespread disease, affecting
more than 451 million people around the world. These num-
bers are expected to reach 693 million in 2045 (7). The
economic burden of diabetes is estimated to be US $1.8 trillion,
or 1.8% of the global gross domestic product (6). Obesity and

diabetes are intrinsically related, with obesity being a risk
factor for type 2 diabetes development (11). Both diseases can
trigger multiple consequences (5, 20). Therefore, obesity and
diabetes are major public health problems of the modern world.

In both cases, prevention is better and cheaper than treat-
ment, and information is crucial to proper prevention (2). This
type of information can be provided through the dissemination
of healthy habits, such as healthy eating, regular physical
exercise, and the establishment of a solid foundation of bio-
logical knowledge to the intended audience. In this context,
previous studies have provided evidence that educational ef-
forts can help individuals who are already overweight or obese
(15) and promote short-term behavioral and nutritional changes
in students (1).

Among the existing educational interventions, the distri-
bution of educational brochures and booklets can be con-
sidered as an alternative. Multiple studies have repeatedly
shown their efficacy in improving awareness and learning in
different audiences, for various diseases and conditions (4,
18, 23), including obesity (19). Moreover, recreational and
playful approaches, like games and activities, have also
shown efficacy in promoting health-related awareness, in-
formation, and action (8), as well as changes in behaviors
associated with obesity (16).

Therefore, our group developed an educational booklet fo-
cused on educating students about obesity and diabetes. The
booklet was developed with theoretical information in acces-
sible language and playful nature elements like games and
questions. This booklet was applied in a group of high school
students, in a pretest-posttest experimental design to evaluate
its efficacy, in an attempt to create a material that can be used
by the teaching community worldwide.

METHODS

Booklet production, games, and activities. This booklet was pro-
duced as part of an outreach initiative from our group, the Obesity and
Comorbidities Research Center, at the Institute of Biology, University
of Campinas. The booklet is filled with illustrations to make it more
engaging to the audience. The bulk of the booklet’s content is
dedicated to games and enigmas, which were designed and arranged
in rising order of difficulty and broadness of subject, in most cases.
Thus the first activities are merely expository or playful, followed by
activities that demand small knowledge on limited topics, and, finally,
activities that demand more knowledge on broader topics. The activ-
ities are as follows: an instructional text about diabetes and obesity, a
labyrinth game, a symbol alphabet game, a word hunt, a “What gland
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am I?” game, an anagram game, a questions game, a “complete the
text” game, a column association game, a crossword puzzle, a “gly-
cemic curve” exercise, and a memory game. The booklet was given to
the participating students, and they had 1 h to complete its activities
as best as they could.

Research participants. For this study, we used a consent form (see
Supplemental Material, available at https://doi.org/10.6084/m9.
figshare.8064116), containing information about our research, as well
as an agreement statement accepting participation in the study anon-
ymously. This form was signed by a parent or a legal guardian, or by
the student if he/she was of legal age. The booklet was given to a
group of 64 high schoolers, which corresponds to all of the students
who were present in the class in the days we performed the pretest and
the posttest, characterizing a random assignment study. Importantly,
the students did not receive any prizes to be part of the study; all of
them participated on their own. The pretest quiz was applied for the
students 1 wk before the booklet application. Participating students
came from all 3 yr of the Brazilian high school educational system and
varying socio-economic backgrounds.

Student testing and data analysis. A 10-item quiz was prepared by
our team to be applied in the classroom (see Supplemental Material;
https://doi.org/10.6084/m9.figshare.8064116), to gauge high school
students’ knowledge about the physiological and biochemical basis of
obesity and diabetes. The quiz was also used to gauge the impact of
the booklet on students’ answers on the chosen subjects. Quizzes were
issued to the participants, and they were given 15 min to complete it.
The questions were applied 1 wk before the students had contact with
the booklet’s content, and then reapplied 1 wk after they had contact
with the booklet. Students were not aware they would be posttested.
Results were analyzed with a Wilcoxon test, and P � 0o05 was
considered significant. After the end of the activities, the member of
our team responsible for the booklet application discussed the activ-
ities and topics with the students and presented the correct responses.

RESULTS

Booklet. The booklet is provided as supplemental material
through the publication of this paper for the usage of the
teaching community worldwide (see https://doi.org/10.6084/
m9.figshare.8064116). The booklet is already complete with
design, illustrations, and activities in their proper order, ready
for printing and usage.

Student interest and engagement. The playful nature of the
elements used in the booklet showed positive outcomes regard-
ing the students’ engagement in this study. During the appli-
cation of the booklet, the students demonstrated higher interest
and engagement than what we expected from a traditional
expository class. Students spoke with each other and with the
booklet applicator, establishing a two-way discussion on the
proposed subject. In addition, many students remained engaged
in the proposed activities even after the class was over.

Questions performance. Table 1 show the percentage of
correct answers given for each question, before and after the
booklet application. Students’ performance on questions 2–6
and 8–10 improved after the contact with the educational
booklet. The greatest improvements were observed for ques-
tions 5 (36%), 8 (19%), and 6 (15%). The performance on
question 1 decreased (9%), while no difference in percentage
of correct answers was observed for question 7, both before
and after the booklet. Overall, students’ performance on the
quiz improved after the completion of the booklet, presenting
a significant increase in the percentage of correct answers (Fig.
1, P � 0.0195).

DISCUSSION

Our data show that the application of this educational book-
let successfully increased the student’ awareness of the evalu-
ated subjects (metabolism, obesity, and diabetes). We observed
a significant increase in the percentage of correct answers of
the quiz, after the students had contact with the material,
indicating the effectiveness of the material developed in this
study. Pretest-posttest research designs have been widely used
as a mechanism to evaluate educational or training interven-
tions in many studies, which encompass a multitude of subjects
(9, 10). Thus it is considered as an adequate tool for the
evaluation of the student’s retention of knowledge.

This study started as an outreach initiative from our group,
aiming to spread awareness about the risks of metabolic dis-
eases, as well as a way of returning to the society the support
they give us as obesity researchers. However, as we developed
the material, we realized that there is a clear lack of nutritional
information in basic education. A study by Naeeni and col-
leagues (13) found deficiencies in nutritional education and
imbalanced diets, in children and adolescents. Then we real-
ized that we had an amazing opportunity to develop an inter-

Table 1. Performance on correct answers before and after
booklet application

. Pretest (n � 64) Posttest (n � 64)

Question No n % n % P Value

1 63 98 57* 89 0.0197
2 40 63 47* 73 0.0107
3 24 38 26 41 0.3458
4 52 81 57* 89 0.0369
5 33 52 56* 88 �0.0001
6 17 27 27* 42 0.0019
7 7 11 7 11 1.0000
8 31 48 50* 78 �0.0001
9 40 63 51* 80 0.0011
10 45 70 52* 81 0.0107

Values are n, no. of students, who correctly answered the question for pretest
vs. posttest, with percentages of correct answers. *Significant difference
(Wilcoxon, P � 0.05).

Fig. 1. Performance of the students on the 10 questions of the quiz. Data show
the percentage of correct answers by students in the pretest and the posttest. All
10 questions of the quiz were taken into consideration. Values are
means � SE. *P � 0.05 (Wilcoxon test).
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nationally useable educational material to supply the demand
for information about healthy nutritional habits.

There is controversy on the effectiveness of nutritional
education on prevention of obesity and other metabolic disor-
ders. Many studies found no correlation between nutritional
information and reduction of body mass index or obesity
prevention (14, 24). However, a study from 2013 demonstrated
that the impact of nutritional information on obesity prevention
depends on the expectation of food availability (EFA) (21).
The spread of nutritional information promoted improvement
of dietary quality in situations in which EFA was increased,
such as food price lowering or food coupon programs. The
author also noted that, when analyses were conducted without
considering the impact of EFA, the effects of nutritional
knowledge seemed smaller (21). Thus these data indicate that
nutritional education improves dietary quality and helps to
combat metabolic diseases. The application of our booklet may
be more effective in countries experiencing increase in EFA.

Some challenges worked against the quality of our data during
the application of the booklet. It is notably hard to engage high
school students and stimulate them to fulfill the activities. Espe-
cially considering that the booklet was completed as an optional
activity with no rewards for compliance. Even though we noticed
increased engagement when compared with previous experiences
in expository classes, the students were not fully compromised to
the activities. It is important to note that students’ involvement
could be dependent on each student’s personality and predisposi-
tions for educational engagement. There were also two questions
that indicated unsatisfactory results, and it is unclear why the
students performed poorer on those questions in comparison to the
others. Another factor that worked against our posttest results was
the period of application: students were tested 1 wk after they had
contact with the material, which characterizes long-term retention
of information (12, 17). Naturally, short-term retention is consid-
erably easier than long-term retention, and our design intention-
ally made it harder to detect a significant difference. Despite all of
the limitations, the booklet had successful results by increasing
long-term knowledge regarding physiological and biochemical
subjects associated with metabolism, obesity, and diabetes in a
playful context, for high school students in Brazil.

Therefore, we have developed an effective material to
spread the awareness of diabetes and obesity, as well as
established a basis of physiological knowledge about these
topics and metabolism in general. This material is readily
applicable by the teaching community worldwide and can be
used in the classrooms or in outreach initiatives on high school
level audiences.
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