
352 Rev Bras Med Esporte – Vol. 28, No 4 – Jul/Aug, 2022

EXERCISE SCIENCE IN HIGH SCHOOL BIOLOGY 
TEXTBOOKS
CIÊNCIA DO EXERCÍCIO EM LIVROS DIDÁTICOS DE BIOLOGIA DO ENSINO MÉDIO

CIENCIA DEL EJERCICIO EN LOS LIBROS DIDÁCTICOS DE BIOLOGÍA DE LA ENSEÑANZA MEDIA

Ricardo Borges Viana1,2 

(Physical Education Professional)

Susigreicy Pires de Morais3 

(Biologist)

Rodrigo Luiz Vancini4 

(Physical Education Professional)

Marília Santos Andrade5 

(Physical therapist)

Gustavo De Conti Teixeira Costa6 

(Physical Education Professional)

Beat Knechtle7 

(Physician)

Pantelis T. Nikolaidis8 

(Physical Education Professional)

Claudio Andre Barbosa de Lira9 
(Biomedic)

1. Universidade Estadual de Goiás, 
Escola Superior de Educação Física 
e Fisioterapia do Estado de Goiás, 
Goiânia, Brazil.
2. Faculdade Estácio de Sá de Goiás, 
Unidade Estação, Goiânia, Brazil.
3. Universidade Federal de Goiás, 
Instituto de Ciências Biológicas, 
Goiânia, Brazil.
4. Universidade Federal do Espírito 
Santo, Physical Education and 
Sports Center, Vitória, Brazil.
5. Universidade Federal de São 
Paulo, Department of Physiology, 
São Paulo, Brazil.
6. Universidade Federal de Goiás, 
Faculdade de Educação Física 
e Dança, Center for Advanced 
Studies and Research in Sports, 
Goiânia, Brazil. 
7. University of Zurich, Institute 
of Primary Care, Switzerland, 
and Medbase St. Gallen Am 
Vadianplatz, St. Gallen, Switzerland.
8. University of West Attica, School 
of Health and Caring Sciences, 
and Hellenic Air Force Academy, 
Laboratory of Exercise Testing, 
Athens, Greece.
9. Universidade Federal de Goiás, 
Faculdade de Educação Física e 
Dança, Human Physiology and 
Exercise Sector, Goiânia, Brazil.

Correspondence:
Claudio Andre Barbosa de Lira
Universidade Federal de Goiás – 
Faculdade de Educação Física e 
Dança. Av. Esperança s/n, Campus 
Samambaia, Goiânia, GO, Brazil. 
74690-900.
andre.claudio@gmail.com

ABSTRACT
The content of high school textbooks related to physical activity and exercise is of utmost importance be-

cause physical activity and exercise are considered important tools in maintaining and improving health. Our 
objective was to analyze the presence and quality of exercise science content in high school biology textbooks 
approved by the National Textbook Plan. A guiding document was developed to enable the analysis of the 
textbooks. The topics investigated were: I) the extent of content related to exercise science; II) misconceptions 
about exercise science; III) health benefits attributed to exercise. The academic qualifications of the textbook 
authors were also analyzed. All analyzed textbooks (n = 9) featured some degree of exercise science content. 
In addition, ~67% of textbooks analyzed had at least one misconception regarding exercise science, the most 
common being related to biochemistry and muscle physiology. Also, 93.8% of the authors had undergraduate 
degrees in biological sciences; 43.8% had doctoral degrees. In conclusion, all high school biology textbooks 
presented content related to exercise science; however, most of them presented at least one misconception 
regarding exercise science. Thus, we suggest that the Brazilian National Textbook Plan should improve the 
criteria for analyzing biology textbooks. Level of Evidence III; Economic and decision analyses - Development 
of an economic or decision model. 

Keywords: Physical Activity; Physical Exercise; Health Promotion; Hypertension; Health Education.

RESUMO
O conteúdo dos livros didáticos de ensino médio relacionados à atividade física e ao exercício é de suma impor-

tância, uma vez que a atividade física regular e o exercício são considerados como uma importante ferramenta na 
manutenção e melhoria da saúde. Nosso objetivo foi analisar a presença e a qualidade de conteúdo científico do 
exercício em livros didáticos de biologia no ensino médio aprovados pelo Plano Nacional de Livros Didáticos. Foi criado 
um documento orientador para permitir a análise dos livros didáticos. Os tópicos investigados foram: I) a extensão 
do conteúdo relacionado à ciência do exercício; II) equívocos sobre a ciência do exercício; e III) benefícios à saúde 
atribuídos ao exercício físico. Também foram analisadas as qualificações acadêmicas dos autores dos livros didáticos. 
Todos os livros didáticos analisados (n=9) apresentaram algum grau de conteúdo científico de exercício. Além disso, 
um total de ~67% dos livros didáticos analisados apresentaram pelo menos um equívoco em relação à ciência do 
exercício, sendo o mais comum relacionado à bioquímica e fisiologia muscular. Além disso, 93,8% dos autores tinham 
graduação em ciências biológicas; 43,8% tinham doutorado. Em conclusão, todos os livros didáticos de biologia do 
ensino médio apresentaram conteúdos sobre ciência do exercício; no entanto, a maioria deles apresentou pelo menos 
um equívoco em relação à ciência do exercício. Assim, sugerimos que o Plano Nacional de Livros Didáticos melhore 
os critérios de análise dos livros didáticos de biologia. Nível de Evidência III; Análises econômicas e de decisão - 
Desenvolvimento de um modelo econômico ou de decisão.

Descritores: Atividade Física; Exercício Físico; Promoção de saúde; Hipertensão; Educação em saúde.

RESUMEN
El contenido de los libros didácticos de la enseñanza media relacionados con la actividad física y el ejercicio es 

de suma importancia, ya que la actividad física y el ejercicio regulares se consideran una herramienta importante 
para el mantenimiento y la mejora de la salud. Nuestro objetivo fue analizar la presencia y la calidad del contenido 
de ciencias del ejercicio en los libros didácticos de biología de la enseñanza media aprobados por el Plan Nacional 
de Libros Didácticos de Brasil. Se elaboró un documento guía para permitir el análisis de libros didácticos. Los temas 
investigados fueron: I) la extensión del contenido relacionado con la ciencia del ejercicio; II) conceptos erróneos sobre 
la ciencia del ejercicio; y III) los beneficios para la salud atribuidos al ejercicio físico. También se analizaron las califi-
caciones académicas de los autores de los libros didácticos. Todos los libros didácticos analizados (n = 9) presentan 
algún grado de contenido de ciencias del ejercicio. Además, un total de ~ 67% de los libros didácticos analizados 
presentaban al menos un concepto erróneo con respecto a la ciencia del ejercicio, siendo el más común el relacionado 
con la bioquímica y la fisiología muscular. Además, el 93,8% de los autores tenía una licenciatura en ciencias biológicas 
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y 43,8% tenía un doctorado. En conclusión, todos los libros didácticos de biología de la escuela secundaria presentaban 
contenido relacionado con la ciencia del ejercicio; sin embargo, la mayoría de ellos presentaba al menos un concepto 
erróneo con respecto a la ciencia del ejercicio. Por lo tanto, sugerimos que el Plan Nacional de Libros Didácticos de 
Brasil mejore los criterios para analizar los libros didácticos de biología. Nivel de Evidencia III; Análisis económico 
y de decisión - Desarrollo de modelo económico o de decisión.

Descriptores: Actividad Física; Ejercicio Físico; Promoción de la Salud; Hipertensión; Educación en Salud.
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INTRODUCTION
Textbooks are important resources for teaching subject and, alongside 

a blackboard and chalk, represent the only didactic materials available 
to students and teachers in Brazilian public schools.1 Further, textbooks 
can provide pedagogical orientation in an autonomous way, since they 
may be used as diverse sources to provide teachers with the freedom of 
choice in selecting the adequate tools needed for the teaching process.2

In Brazil, the Ministry of Education has a program that is coordi-
nated by the Basic Education Secretariat, called the Plano Nacional do 
Livro Didático, or National Textbook Plan (PNLD). In short, PNLD aims to 
subsidize the pedagogical work of teachers through the distribution of 
textbooks to students. In addition, PNLD is committed to the quality of 
the content available within the textbooks. In order to achieve this, the 
Ministry of Education has designated technical commissions composed 
by professors and researchers from Brazilian public universities.3,4 Briefly, 
the technical commissions evaluate the following criteria: i) respect for 
legislation, guidelines and general education norms; ii) observance of the 
ethical principles necessary for building citizenship and republican social 
life; iii) the coherence and adequacy of the theoretical-methodological 
approach; iv) the correction and updating of concepts, information and 
procedures; v) the adequacy and relevance of the guidance provided to 
the teachers; vi) observance of the orthographic and grammatical rules 
of the language in which the work has been written; vii) the adequacy 
of the editorial structure and the graphic design; and viii) the quality of 
the text and the thematic adequacy.3,4

Previous studies have shown the presence of misconceptions within 
high school5,6 and university textbooks.7 In regard to biology textbooks, 
content analysis has suggested the presence of misconceptions,8–12 
and that quality of images, text-image relationships, and its function 
for learning is affected.13–15 Therefore, teachers should be prepared to 
deal with any inaccuracies such as misconceptions, decontextualized 
examples, lack of information, and confusing and complex illustrations, 
as the students that are exposed to these misconceptions may regard 
them as being factual.16,17

In this sense, the approach of the content that is related to physical 
activity and exercise in high school textbooks is of paramount impor-
tance, since regular physical activity and exercise is considered as an 
important tool for the maintenance and improvement of health and 
physical fitness.18,19 Additionally, it is known that regular physical activity 
and exercise are important factors for the prevention and treatment of 
several non-communicable diseases such as type 2 diabetes mellitus,20 
arterial hypertension,21 breast cancer,22,23 obesity,24,25 anxiety,26 and 
depression.27,28 Thus, it is important that students are aware of accurate 
information.

Therefore, biology textbooks play an important position as they are 
a fundamental pedagogical tool that is capable of assisting teaching 
practices and provides students with scientific and updated informa-
tion regarding health within the biological field. Given that it is essential 
that textbooks present high-quality content (e.g., updated scientific 
knowledge), this study aims to analyze the presence and quality of 

exercise science content in high school biology textbooks approved by 
the PNLD. We hypothesized that the biology textbooks would present 
misconceptions regarding exercise science.

METHODS
Book selection

We analyzed all biology textbooks (n = 9)29–37 that were approved 
by PNLD and available to Brazilian public high schools in 2015 (Table 1).

Content analysis
A guiding document was created to allow the analysis of each biology 

textbook to be organized into a schematic model. This guide was adapted 
from de Lira et al.7 and the topics addressed in this guiding document were: 
i) Presence of content that is related to exercise science; ii) presence of mis-
conceptions regarding exercise science; and iii) health benefits provided by 
physical exercise. All textbooks were carefully investigated in order to locate 
the text, chapters, or references that addressed the topic of exercise science. 
After the material was located, a deep content analysis was performed by 
two researchers (S.P.M. and C.A.B.L.). One of the researches (S.P.M) is a high 
school teacher, and the other (C.A.B.L.) is an exercise physiology professor 
at the Faculty of Physical Education and Dance at the Federal University of 
Goiás (Brazil). To this end, exercise science contents present in the biology 
textbook were transcribed and researchers (S.P.M. and C.A.B.L.) analyzed 
difference from the contents of state of the art references and highlighted 
the incorrect information identified in the textbooks.

About the authors and colleagues
Additionally, the academic qualifications of the textbooks’ authors 

and colleagues were analyzed. The study investigated the: i) Academic 
education (undergraduate, master’s and doctorate levels), and ii) their 
areas of expertise. This information was extracted from the Lattes platform, 
a Brazilian database for researcher’s Curriculum Vitae, that was created 
and managed by the National Council for Scientific and Technological 
Development Brazil (Conselho Nacional de DesenvolvimentoCientífico 
e Tecnológico, CNPq), and also through the information presented in 
the analyzed textbooks.

Table 1. Biology textbooks selected by the Brazilian National Textbook Plan.

Authors Title Edition Publisher Years
Lopes and Rosso29 Bio 2nd Saraiva 2013

Mendonça30 Biologia 2nd AJS 2013
Silva Junior, Sasson 
and Caldini Junior31 Biologia 11st Saraiva 2013

Amabis and Martho32 Biologia em Contexto 1st Moderna 2013
Linhares and 

Gewandsznajder33 Biologia Hoje 2nd Ática 2013

Favaretto34 Biologia: Unidade 
and Diversidade

1st Saraiva 2013

Bröckelmann35 Conexões com a Biologia 1st Moderna 2013
Bizzo36 Novas Bases da Biologia 2nd Ática 2013

Takeuchi and Osorio37 Ser protagonista - Biologia 2nd SM 2013
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Statistical analysis
A descriptive statistical analysis was performed (mean, standard 

deviation, and absolute and relative frequencies) using Excel software 
(version 2016, USA).

RESULTS
About the authors and colleagues

Of the 32 authors and colleagues present in the analyzed textbooks, 
30 (93.8%) held an undergraduate degree in biological sciences, while one 
held a degree in medicine, and one in pedagogy; 14 authors (43.8%) had 
Ph.D. degrees; four (12.6%) had master’s degrees; two (6.3%) were master’s 
degree candidates; one (3.1%) had only an undergraduate degree; and 
11 of the authors and colleagues (34.4%) did not have any academic 
information available in the textbooks and/or on the Lattes platform. 
Among the authors and colleagues that held graduate degrees (master’s 
or Ph.D. degrees, n=18), six had expertise in zoology; three in genetics; 
three in education science; one in experimental physiopathology; one 
in ecology; one in general physiology; one in biotechnology; one in 
biochemistry; and one whose area of expertise could not be located.

Exercise science content
All analyzed textbooks presented some exercise science content, 

although each collection used different approaches. The most commonly 
found content regarded: I) Doping and the use of anabolic steroids; II) 
exercise biochemistry; III) the benefits of physical exercise to health, 
and IV) exercise at high altitude. A total of ~67% of the analyzed tex-
tbooks presented at least one misconception regarding exercise science 
(Figure 1). Also, a total of 10 exercise science misconceptions were 
found across the analyzed biology textbooks, with the most common 
being related to biochemistry and muscular physiology (Figure 2) 
 Table 2 presents a qualitative analysis of each textbook that was inclu-
ded in the study.

DISCUSSION
This study aimed to analyze the presence and quality of the exercise 

science content in high school biology textbooks as approved by the 
PNLD. Our main finding was that most of high school biology textbooks 
(~67%) analyzed presented at least one misconception regarding exercise 
science. We found that all analyzed textbooks addressed at least one 
topic that was related to exercise science such as doping, the use of 
anabolic androgenic steroids, exercise biochemistry, the health benefits 
of exercise practice, and exercise at high altitudes.

There is much evidence to suggest that the use of anabolic andro-
genic steroids is unsafe38–40 and can produce several health issues and 
even death.41 We consider the presence of this content in high school 

textbooks is vital in raising awareness and sensitizing adolescents to the 
deleterious effects of anabolic androgenic steroids. In regard to exercise 
biochemistry, some of the analyzed textbooks mentioned that lactate is 
produced only during exercise.30,33 However, this is untrue, since lactate 
is also produced during rest conditions.42

Although the implementation of PNLD has attempted to improve 
the quality of textbooks, it is still possible to identify misconceptions 
and incomplete information within these textbooks. Misconceptions 
within biology textbooks are common and are not only restricted to 
the topics that are related to physiology.6,10,12 Previous studies found 
misconceptions in the content that was related to leishmaniasis,6 the 
dengue virus,12 and venomous snakes accidents.10 Therefore, although 
PNLD carefully evaluates high school textbooks, teachers should also 
be able to analyze and evaluate the contents of the textbooks that 
are used in biology classes in order to link the content to the students’ 
daily lives. However, it is reasonable to assume that teachers with poor 
academic backgrounds may not be able to identify recurring miscon-
ceptions within the textbooks. Therefore, to improve knowledge and 
provide updates on recent scientific advances in the field, continuing 
education programs are need.

A possible explanation for the misconceptions found could be 
due to most of the analyzed textbooks being written by one to three 
authors. As biology is a discipline that has traditionally been organized 
by various life sciences (cytology, genetics, evolution, ecology, zoology, 
botany, and physiology); therefore, it is reasonable to assume that it is 
difficult for a limited number of authors to provide specific informa-
tion on all of these topics. This situation is potentially aggravated once 
major scientific advances have been made within the biological fields 
to include the sub-topic of human and exercise physiology.43,44 These 
advances would generate substantial volumes of new information 
and more complex knowledge which makes it difficult for teachers to 
remain updated with.45,46

 The qualifications of the master’s and/or doctorate students is 
another aspect to be considered. It is well known that a teacher that 
participates in graduate programs may have a better academic back-
ground which would enable them to remain updated.47 In the present 
study, only 18 of the 32 authors and colleagues had a master’s and/or 
Ph.D. degree. Additionally, only 21 of the 32 authors and colleagues had 

Figure 1. Presence of exercise science misconceptions among the high school biology 
textbook analyzed.

Figure 2. Relative frequency of the exercise science misconceptions.
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a Curriculum Vitae registered in the Lattes database, and it is notewor-
thy that some of these were outdated. This result is worrying because 
it denotes that the authors of the textbooks are not updating their 
knowledge. Therefore, this might be another possible explanation for 
the presence of the misconceptions regarding exercise science found 
in the analyzed biology textbooks.

One of the possible consequences of these misconceptions is the 
fact that students may potentially bring these misconceptions into their 
personal and professional lives.17 In regard to their personal lives, students 
may make misleading judgments regarding the biological phenomena 
that they may experience throughout their lives.48,49 Within their profes-
sional lives, misconceptions may be more evident if the student pursues 
a career within the biological sciences.17 In addition, it is reasonable to 
assume that the misconceptions may also disrupt a student’s entry into 
university since they are required to complete several academic exams. 
However, for the students that enter universities (especially undergraduate 
health courses), it is possible to remove such misconceptions.

Unfortunately, even within universities, several previous studies50–53 
have shown that undergraduate health students present misconceptions 
about disciplines such as physiology and biochemistry. It is possible that 
such misconceptions, along with other motives, may stem from textbook 
contents, which consequently may affect these future health professionals. 
Leal et al.17 showed that physical education professionals, physiotherapists, 
and nutritionists presented important misconceptions regarding the 
disciplines that are related to exercise physiology. Further, other studies 
have demonstrated the presence of misconceptions in health professionals 
regarding epilepsy,54,55 poliomyelitis, and post-poliomyelitis syndromes.56 

Recently, de Lira et al.57 showed that most of the undergraduate programs 
in health science analyzed, except for physical education, did not present 
the coursework of exercise physiology (or a similar coursework) in their 
curricular structures. Therefore, this scenario can be the cause of miscon-
ceptions presented by students and health professionals.

Promoting health education among adolescents is an important 
mechanism for the dissemination of valid knowledge to prevent diseases 
and improve hygiene.58 Moreover, adolescents become important health 
agents when divulging to their families what they learned at school.59

According to the 2018 school census conducted by the Brazilian 
Ministry of Education, there are approximately 48.5 million students; of 
which 7.7 million are enrolled in high school.60 Considering that all these 
high school students use textbooks to learn, it is estimated that there are 
approximately 7.7 million potential “education agents” disseminating the 
correct or incorrect contents of these textbooks. Therefore, it is important 
to withdraw the misconceptions from the analyzed biology textbooks 
and use this opportunity to introduce the correct and adequate content 
in regard to exercise science.

Strengths and limitations of the study
Our study is not without limitations. One consideration is that a text-

book that contains little content and superficial explanations including 
misconceptions is inferior when compared to that of a textbook with a 
more in-depth approach. Therefore, the textbooks that contained few 
misconceptions are not necessarily regarded as the best. Ruppenthal 
& Schetinger1 evaluated this aspect by using the percentage of a given 
topic in relation to the total number of pages in the textbook. Although 

Table 2. Qualitative analysis of each textbook included in the study.

Authors Comments

Lopes and Rosso29

• It was reported that the heart starts to pump more blood in trained individuals. However, this statement is dubious. The maximum cardiac output 
of a trained individual is higher when compared to the maximum cardiac output of a sedentary individual. The resting and submaximal cardiac 
output (same absolute intensity of exercise) of sedentary and trained individuals is the same, while the systolic volume changes (decreases) 
and the heart rate (increases). However, in the same text, it was correctly pointed out that the increase of exercise intensity should be gradual 
as is recommended by the principle of progressive overload. Moreover, it was correctly reported that physical exercise should be guided by a 
trained professional, otherwise physical exercise may be harmful rather than beneficial.

Mendonça30

• It was reported that “During intense physical activity, some groups of muscle cells begin to perform lactic fermentation,” implying that it is only 
during intense physical activity that the muscle cells provide lactic fermentation (anaerobic glycolysis). However, this is a misleading concept, 
since lactic fermentation occurs from rest (~1 mMol/L) to maximum exercise. 

• It was reported that “The accumulation of lactic acid in muscle tissue is one of the factors that causes muscle fatigue.” However, the accumulation 
of hydrogen ions is responsible for fatigue, rather than lactic acid in muscle tissue. Furthermore, biochemically, lactic acid does not exist, what 
is produced by muscle fiber is lactate.

• It was reported that in order to maximize the benefits of physical activity, it is crucial to seek guidance from a physical education and physical 
therapy professional. However, in Brazil, the only professional that is legally qualified to prescribe physical exercise for recreational and sports 
purposes is the physical education professional.

• It was reported that “Stretching before and after physical activity is critical to avoiding lesions in the skeletal system.” However, it is important 
to note that there is no scientific consensus to date to confirm the author’s claim.

Silva Junior, Sasson 
and Caldini Junior31 • The textbook only presents a supplementary text to address the use of anabolic steroids.

Amabis and Martho32 • In the text that addresses muscles and physical exercises, the authors confused fast twitch fibers with slow twitch fibers.

Linhares and 
Gewandsznajder33

• It was reported that lactic acid is only produced during exercise. First, lactic acid does not exist, what is produced by muscle fiber is lactate. 
Furthermore, although in low concentration, lactate is also produced at rest.

• The phosphagen system was not reported to be predominantly used during extremely high intensity exercises with very short durations. In 
addition, the transfer of the phosphate group to ADP, catalyzed by the enzyme creatine kinase, was not mentioned.

Favaretto34 • In a text that stated “Physical exercise attenuates symptoms of Parkinson and Alzheimer disease,” the author presented interesting information 
regarding the benefits of regular physical activity in patients with these diseases.

Bröckelmann35 • Regarding physical exercise and doping, the author addressed different substances that favor the athlete, such as erythropoietin, beta blockers, 
diuretics, and others.

Bizzo36
• It was reported that “Prolonged muscle activity in an intense and long exercise may be accompanied by soreness in the following days, especially 

when too much effort is performed without prior preparation,” suggesting that soreness can only occur after intense and long exercise periods. 
However, muscle soreness is known to occur as a result of uncommon intense effort and is not necessarily related to the duration of the activity.

Takeuchi and Osorio37
• It was reported that “The increase in skeletal muscle related to physical exercise is due not to increasing the number of muscle cells, but mainly 

to the formation of new myofibers.” However, there is scientific evidence that states that muscle hypertrophy can occur due to the formation 
of new cells.
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this method was interesting and objective, we do not consider such 
methods to be an adequate strategy since this analysis was influenced 
by the font and page size. Similarly, as with any qualitative analysis, it is 
subjective, and subject to different interpretations. Our study did not aim 
to classify the textbooks but rather to indicate the aspects that required 
the attention of the teacher when using the analyzed textbooks as a 
resource within the classroom. Finally, our results might help the authors 
of the analyzed textbooks to improve the future editions. Future studies 
should assess the depth of the investigated content. Furthermore, it is 
desirable that the books are evaluated by specialists in each subject.

CONCLUSIONS
All the high school biology textbooks analyzed presented content 

regarding exercise science; however, most of them presented at least one 
misconception regarding exercise science. Therefore, we suggest that PNLD 

improves the criteria for analyzing high school biology textbooks. Also, 
it is important that teachers continually develop their skills in analyzing 
didactic collections, since they are plausible of errors even after the analysis 
from educational authorities. Further, future studies on the analysis of other 
physiological content within biology textbooks is desirable.

FUNDING
This study was financed in part by the Coordenação de Aperfei-

çoamento de Pessoal de Nível Superior – Brasil (CAPES) – Finance Code 
001. CABL is a productivity fellowship at the Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq, Brazil, grant number 
305276/2020-4).

All authors declare no potential conflict of interest related to this article

REFERENCES
1. Ruppenthal R, Schetinger MRC. The respiratory system in science textbooks in the early grades: an analysis 

of content, images and activities. Ciência Educ. 2013;19(3):617-32. doi:10.1590/S1516-73132013000300008

2. Carneiro MH da S, Mól WLP dos SG de S. Innovative textbook and teachers: a challenge tension. Ens 
Pesqui em Educ em Ciências. 2005;7(2):101-13. doi:10.1590/1983-21172005070204

3. Höffling E. The trajectory of the National Textbook program of the Ministry of education in Brazil. In: Megid 
Netom J, Fracalanza H, editors. O Livro Didático de Ciências No Brasil. Campinas: Komedi; 2006:19-31.

4. Brasil. Textbook Guide: PNLD 2015. Biology: High School.

5. Langhi R, Nardi R. Astronomy Teaching: Most common conceptual errors present in science textbooks. 
Cad Bras Ensino Física. 2007;24(1):87-111. doi:10.5007/%25x

6. França VH de, Margonari C, Schall VT. An analysis on the content of leishmaniasis in science and 
biology books indicated by the Brazilian Didatic Book National Program (2008/2009). Ciência Educ. 
2011;17(3):625-44. doi:10.1590/S1516-73132011000300007

7. de Lira CAB, Viana RB, Luz NF, de Santana MG, Campos MH, Vancini RL, et al. Analysis of type 2 diabe-
tes mellitus and arterial hypertension content in exercise physiology textbooks. Adv Physiol Educ. 
2019;43(3):253-8. doi:10.1152/advan.00043.2019

8. Mohr A. Análise do conteúdo de “saúde” em livros didáticos. Ciência Educ. 2000;6(2):89-106. doi:10.1590/
S1516-73132000000200002

9. Nascimento TG, Martins I. O texto de genética no livro didático de ciências: uma análise retórica crítica. 
Investig Ensino Ciências. 2005;10(2):255-78.

10. Sandrin M de FN, Puorto G, Nardi R. Serpentes e acidentes ofídicos: um estudo sobre erros conceituais 
em livros didáticos. Investig Ensino Ciências. 2005;10(3):281-98.

11. Xavier MCF, Freire A de S, Moraes MO. New Biology and genetics in High School science textbooks. 
Ciência Educ. 2006;12(3):275-89. doi:10.1590/S1516-73132006000300003

12. Assis SS de, Pimenta DN, Schall VT. Dengue in science and biology text books indicated by the Didactic 
Book National Program. Ciência Educ. 2013;19(3):633-56. doi:10.1590/S1516-73132013000300009

13. Palacios FJP, Jiménez J de D. Las ilustraciones en la enseñanza-aprendizaje de las ciencias. Análisis de 
libros de texto. Enseñanza las Ciencias. 2002;20(3):369-86.

14. Palacios FJP. Uso (y abuso) de la imagen en la enseñanza de las ciencias. Enseñanza las Ciencias. 
2006;24(1):13-30.

15. Gibin GB, Kiill KB, Ferreira LH. Categorização das imagens referentes ao tema equilíbrio químico nos livros 
aprovados pelo PNLEM. Rev Electrónica Enseñanza las Ciencias. 2009;8(2):711-21.

16. Alves MLM, Mesquita BS, Morais WS, Leal JC, Satler CE, dos Santos Mendes FA. Nintendo WiiTM versus 
Xbox KinectTM for assisting people with Parkinson’s disease. Percept Mot Skills. 2018;125(3):546-65. 
doi:10.1177/0031512518769204

17. Leal AGF, Vancini RL, Gentil P, Benedito-Silva AA, da Silva AC, Campos MH, et al. Knowledge about 
sport and exercise science: a cross-sectional survey among health professionals in Brazil. Health Educ. 
2018;118(3):250-61. doi:10.1108/HE-06-2017-0036

18. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in 26 different 
chronic diseases. Scand J Med Sci Sports. 2015;25(Suppl 3):1-72. doi:10.1111/sms.12581

19. Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real polypill. Physiol. 2013;28(5):330-58. 
doi:10.1152/physiol.00019.2013

20. Colberg SR, Sigal RJ, Fernahll B, Regensteiner JG, Blissmer BJ, Rubin RR, et al. Exercise and type 2 
diabetes: American College of Sports Medicine and the American Diabetes Association: joint position 
statement. Exercise and type 2 diabetes. Med Sci Sport Exerc. 2010;42(12):2282-303. doi:10.1249/
MSS.0b013e3181eeb61c

21. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA, et al. American College of Sports Medi-
cine position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004;36(3):533-53. doi:10.1249/01.
mss.0000115224.88514.3a.

22. Kirshbaum MN. A review of the benefits of whole body exercise during and after treatment for breast 
cancer. J Clin Nurs. 2007;16(1):104-21. doi:10.1111/j.1365-2702.2006.01638.x

23. Dos Santos WDN, Gentil P, de Moraes RF, Ferreira Júnior JB, Campos MH, de Lira CAB, et al. 

Chronic effects of resistance training in breast cancer survivors. Biomed Res Int. 2017;2017:8367803. 
doi:10.1155/2017/8367803

24. Maillard F, Rousset S, Pereira B, Traore A, Del Amaze PP, Boirie Y, et al. High-intensity interval training reduces 
abdominal fat mass in postmenopausal women with type 2 diabetes. Diabetes Metab. 2016;42(6):433-41. 
doi:10.1016/j.diabet.2016.07.031

25. Rayes ABR, de Lira CAB, Viana RB, Benedito-Silva AA, Vancini RL, Mascarin N, et al. The effects of Pilates 
vs. aerobic training on cardiorespiratory fitness, isokinetic muscular strength, body composition, and 
functional tasks outcomes for individuals who are overweight/obese: a clinical trial. PeerJ. 2019;7:e6022. 
doi:10.7717/peerj.6022

26. Wipfli BM, Rethorst CD, Landers DM. The anxiolytic effects of exercise: a meta-analysis of randomized 
trials and dose-response analysis. J Sport Exerc Psychol. 2008;30(4):392-410. doi: 10.1123/jsep.30.4.392

27. Kvam S, Kleppe CL, Nordhus IH, Hovland A. Exercise as a treatment for depression: A meta-analysis. J 
Affect Disord. 2016;202:67-86. doi:10.1016/j.jad.2016.03.063

28. Viana RB, Gentil P, Naves JPA, Rebelo ACS, Santos DAT, Braga MAO, et al. Interval training improves 
depressive symptoms but not anxious symptoms in healthy women. Front Psychiatry. 2019;10:661. 
doi:10.3389/fpsyt.2019.00661

29. Lopes SGB, Rosso S. Bio. 2nd ed. São Paulo: Saraiva; 2013.

30. Mendonça VL. Biologia. 2nd ed. São Paulo: AJS; 2013.

31. Silva Junior C da, Sasson S, Caldini Junior N. Biologia. 11th ed. São Paulo: Saraiva; 2013.

32. Amabis JM, Martho GR. Biologia em Contexto. Porto Alegre: Moderna; 2013.

33. Linhares S, Gewandsznajder F. Biologia Hoje. 2nd ed. Porto Alegre: Ática; 2013.

34. Favaretto JA. Biologia: Unidade e Diversidade. São Paulo: Saraiva; 2013.

35. Bröckelmann RH. Conexões com a Biologia. Porto Alegre: Moderna; 2013.

36. Bizzo NM V. Novas Bases da Biologia. Porto Alegre: Ática; 2013.

37. Takeuchi MR, Osório TC. Ser protagonista: Biologia. 2nd ed. São Paulo: SM; 2013.

38. Cafri G, Van den Berg P, Thompson J. Pursuit of muscularity in adolescent boys: relations among 
biopsychosocial variables and clinical outcomes. J Clin Child Adolesc Psychol. 2006;35(2):283-91. 
doi:10.1207/s15374424jccp3502_12

39. Grieve F. A conceptual model of factors contributing to the development of muscle dysmorphia. Eat 
Disord. 2007;15(1):63-80. doi: 10.1080/10640260601044535

40. Hoffman JR, Ratamess NA. Medical issues associated with anabolic steroid use: are they exaggerated? 
J Sports Sci Med. 2006;5(2):182-93.

41. Frati P, Busardo F, Cipolloni L, Dominicis E, Fineschi V. Anabolic androgenic steroid (AAS) related deaths: 
autoptic, histopathological and toxicological findings. Curr Neuropharmacol. 2015;13(1):146-59. doi:1
0.2174/1570159X13666141210225414

42. Hall MM, Rajasekaran S, Thomsen TW, Peterson AR. Lactate: friend or foe. Pm&R. 2016;8(3):S8-S15. 
doi:10.1016/j.pmrj.2015.10.018

43. Sarzynski MA, Loos RJF, Lucia A, Pérusse L, Roth SM, Wolfarth B, et al. Advances in Exercise, Fitness, and Perfor-
mance Genomics in 2015. Med Sci Sports Exerc. 2016;48(10):1906-16. doi:10.1249/MSS.0000000000000982

44. Joanisse S, Lim C, McKendry J, Mcleod JC, Stokes T, Phillips SM. Recent advances in understanding 
resistance exercise training-induced skeletal muscle hypertrophy in humans. F1000Res. 2020;9:F1000. 
doi:10.12688/f1000research.21588.1

45. Alper BS, Hand JA, Elliott SG, Kinkade S, Hauan MJ, Onion DK, et al. How much effort is needed to keep 
up with the literature relevant for primary care? J Med Libr Assoc. 2004;92(4):429-37.

46. Maggio LA, Artino AR. Staying Up to Date and Managing Information Overload. J Grad Med Educ. 
2018;10(5):597-8. doi:10.4300/JGME-D-18-00621.1

47. Zwanikken PA, Dieleman M, Samaranayake D, Akwataghibe N, Scherpbier A. A systematic review 
of outcome and impact of Master’s in health and health care. BMC Med Educ. 2013;13(1):18. 
doi:10.1186/1472-6920-13-18

48. Michael JA, Wenderoth MP, Modell HI, Cliff W, Horwitz B, McHale P, et al. Undergraduates’ understanding 

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of the manuscript. RBV: statistical analysis, writing, review and intellectual concept; SPM: content 
analysis, writing and review. RLV, MSA, GCTC, BK and PTN: review and intellectual concept. CABL: preparation of the entire research project, review and intellectual concept. 



357Rev Bras Med Esporte – Vol. 28, No 4 – Jul/Aug, 2022

of cardiovascular phenomena. Adv Physiol Educ. 2002;26(1-2):72-84. doi:10.1152/advan.00002.2002

49. Michael JA, Richardson D, Rovick A, Modell H, Bruce D, Horwitz B, et al. Undergraduate students’ 
misconceptions about respiratory physiology. Adv Physiol Educ. 1999;277(6):S127. doi:10.1152/
advances.1999.277.6.S127

50. Luz MRMP, Oliveira GA, Poian AT Da. Glucose as the sole metabolic fuel: Overcoming a misconception 
using conceptual change to teach the energy-yielding metabolism to Brazilian high school students. 
Biochem Mol Biol Educ. 2013;41(4):224-31. doi:10.1002/bmb.20702

51. Michael J. Misconceptions—what students think they know. Adv Physiol Educ. 2002;26(1-4):5-6. 
doi:10.1152/advan.00047.2001

52. Michael JA. Students’ misconceptions about perceived physiological responses. Adv Physiol Educ. 
1998;274(6):S90-8. doi:10.1152/advances.1998.274.6.S90

53. Morton JP, Doran DA, MacLaren DPM. Common student misconceptions in exercise physiology and 
biochemistry. Adv Physiol Educ. 2008;32(2):142-6. doi:10.1152/advan.00095.2007

54. Vancini RL, Benedito-Silva AA, Sousa BS, da Silva SG, Souza-Vancini MI, Vancini-Campanharo CR, et al. 
Knowledge about epilepsy among health professionals: a cross-sectional survey in Sao Paulo, Brazil. 
BMJ Open. 2012;2(2):e000919. doi:10.1136/bmjopen-2012-000919

55. Vancini RL, Lira CAB de, Silva SG da, Scorza FA, da Silva AC, Vieira D, et al. Evaluation of physical educators’ 
knowledge about epilepsy. Arq Neuropsiquiatr. 2010;68(3):367-71. doi:10.1590/S0004-282X2010000300007

56. de Lira CAB, Alves TM de A, Peixinho-Pena LF, Sousa BS, Santana MG, Andrade MS, et al. Knowledge 
among physical education professionals about poliomyelitis and post-poliomyelitis syndrome: a 
cross-sectional study in Brazil. Degener Neurol Neuromuscul Dis. 2013;3:41. doi:10.2147/DNND.S45980

57. de Lira CAB, Silva ZA, Gentil P, Vieira CA, Campos MH, Vancini RL, et al. Presence of exercise physiology 
or similar coursework in the curricula of Brazilian health science undergraduate programs. Adv Physiol 
Educ. 2021;45(1):172-7. doi:10.1152/advan.00044.2020

58. Tamiru D, Argaw A, Gerbaba M, Ayana G, Nigussie A, Jisha H, et al. Enhancing Personal Hygiene Behavior 
and Competency of Elementary School Adolescents through Peer-Led Approach and School-Friendly: 
A Quasi-Experimental Study. Ethiop J Health Sci. 2017;27(3):245-54. doi:10.4314/ejhs.v27i3.6

59. Sorbring E, Kuczynski L. Children’s agency in the family, in school and in society: implications for health and 
well-being. Int J Qual Stud Health Well-being. 2018;13(sup1):1634414. doi:10.1080/17482631.2019.1634414

60. Instituto Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira. 2018 Basic Education School 
Census: Technical Summary. 2019.


	_Hlk81552892
	_Hlk82032544
	_Hlk43596298
	_Hlk43643392
	_Hlk43596605
	_Hlk43726192
	_Hlk43643444
	_Hlk43726462
	_Hlk43643507
	_Hlk43643579
	_Hlk43643751
	_Hlk43643846
	_Hlk43649266
	_Hlk43596897
	_Hlk66294011
	_Hlk43643908
	_Hlk55811433
	_Hlk48850656
	_Hlk72937361
	_Hlk21801816
	_Hlk30140302
	_Hlk30141500
	_Hlk42736749
	_Hlk72944414
	_Hlk72942396
	_Hlk21361553
	OLE_LINK81
	OLE_LINK82
	OLE_LINK87
	OLE_LINK88
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_Hlk56681476
	_Hlk56681725
	_GoBack
	_Hlk66960474
	_Hlk66960704
	_Hlk66966344
	_Hlk66295680
	_Hlk87771191
	_Hlk41692874
	_Hlk41836713

