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ABSTRACT: 

While representations of science and scientists in animated series can 

significantly impact the formation, consolidation, and reproduction of 

students’ ideas and views about the nature of science (NOS), the literature 

lacks a consolidated theoretical and methodological framework that 

systematically accounts for the unique characteristics of these audiovisual 

materials in analysis from a NOS-oriented perspective. This article responds 

to this gap with a theoretical-methodological framework grounded in Nieto’s 

(2014) methodology and informed by current and comprehensive NOS 

approaches. Our aim is to contribute to the development of a detailed, 

specific, well-grounded, and analytically robust framework for examining 

images of science and scientists portrayed in cartoons and anime, integrating 

insights from communication studies (which are essential for analysis of 

audiovisual materials and characters) with the perspective of science 

education. 
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Ciencias y científicos en series animadas: una propuesta de marco teórico-

metodológico fundamentado en la Naturaleza de la Ciencia para el análisis de sus 

representaciones. 

RESUMEN: 

Las representaciones de las ciencias y de los científicos en series animadas 

pueden tener un impacto significativo en la formación, consolidación y 

reproducción de las ideas previas de los estudiantes sobre la Naturaleza de 

las Ciencias (NdC). No obstante, la literatura aún carece de un marco teórico 

y metodológico consolidado para el análisis de estas representaciones 

alineado con la perspectiva de la NdC y atento a las especificidades del 

material audiovisual seriado. En este contexto, el presente artículo propone 

un marco teórico-metodológico construido a partir de la metodología de 

Nieto (2014) y de referentes teóricos actuales y amplios sobre la NdC. Se 

busca así contribuir al desarrollo de un marco teórico-metodológico 

detallado, específico, sólidamente fundamentado y robusto para el análisis de 

las imágenes de las ciencias y de los científicos en series de dibujos animados 
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y animes, articulando aportes provenientes de los estudios en Comunicación 

— esenciales para el examen de materiales y personajes audiovisuales — con 

la perspectiva de la Enseñanza de la Ciencia. 

Ciências e cientistas em séries animadas: uma proposta de referencial teórico-

metodológico fundamentado na Natureza das Ciências para análise de suas 

representações. 

RESUMO: 

As representações de ciências e de cientistas veiculas em séries animadas 

podem exercer um forte impacto na formação, consolidação e reprodução das 

ideias prévias dos estudantes a respeito da Natureza das Ciências (NdC). 

Apesar disso, ainda não há na literatura um referencial teórico e 

metodológico consolidado para análise dessas representações alinhado à 

perspectiva da NdC e que considere as especificidades do material 

audiovisual seriado. Nesse sentido, este artigo propõe um arcabouço teórico-

metodológico construído a partir da metodologia de Nieto (2014) e de 

referenciais teóricos atuais e abrangentes da NdC. Visamos assim contribuir 

para a construção de um referencial teórico-metodológico detalhado, 

específico, fundamentado e robusto para a análise das imagens de ciências e 

cientistas retratadas em séries de desenho animado e animes, articulando 

contribuições dos estudos em Comunicação — essenciais à análise de 

materiais e personagens audiovisuais — à perspectiva do Ensino de Ciências. 

 

Palavras-chave: 
Representação de cientista; 

Imagem de ciência; Natureza da 

Ciência. 

INTRODUCTION 

There is near-universal consensus among science educators regarding the importance of teaching the 

nature of science (NOS) (McComas & Clough, 2020; McComas, 2020); it is considered an essential component 

of the curriculum, particularly when the goal of education is to promote scientific literacy that enables citizens 

to engage critically with socio-scientific issues (Gandolfi, 2024; Praia et al., 2007; Gil-Pérez et al., 2001). 

Moreover, in the current context of post-truth and widespread circulation of (mis)information via digital media, 

teaching the social dimensions of science through NOS has become indispensable for shaping citizens who are 

capable of critically and thoughtfully evaluating the credibility and reliability of everyday scientific claims, and 

distinguishing these statements from others dressed in the garb of legitimate science for the purposes of self-

promotion (Höttecke & Allchin, 2020; Pereira & Figueirôa, 2024). 

Briefly,3 when we refer to NOS we are referring to the essential characteristics of science and scientific 

practice, including how scientific knowledge is produced, communicated, and how scientists carry out their 

work (McComas & Clough, 2020; Moura, 2014). In a previous publication (Nakamura & Figueirôa, 2026), we 

argued that because NOS is considered a central component of science education, to teach NOS one must 

understand and address students’ pre-existing ideas on the topic. To properly understand these pre-existing 

ideas, their sources must be investigated. For this reason, representations4 of science and scientists in animated 

series are an important avenue of analysis; of all the mass media audiovisual resources available, they are most 

 
3 For a comprehensive overview of NOS, its relationship with science education, and its connections to the history and 

philosophy of science, we recommend the works of Moura (2014) and Peduzzi and Raicik (2020), as well as those cited 

throughout this article. 
4 In this paper, we adopt the expression representations of science and scientists as synonymous with images of science 

and scientists portrayed in fictional audiovisual products, in line with recognized authors in this research tradition such as 

Flicker (2003, 2008), Weingart et al. (2003, 2008), Pansegrau (2008), and Kirby (2014, 2017). The methodological 

framework by Nieto (2014) adopted in this study also uses this expression. We do not draw on social representations theory 

(SRT), developed primarily by Serge Moscovici (1925–2014) within social psychology, although our approach does not 

run counter to this theory. 
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frequently cited by young people when discussing stereotypical representations of scientists (Carvalho et al., 

2020). We maintain that these representations extend beyond mere entertainment: they convey concepts, ideas, 

and messages and contribute to shaping ways of thinking, ideologies, and habits (Siqueira, 2006). They 

consequently contribute to the formation, consolidation, and reproduction of students’ pre-existing ideas of what 

science is, the scientist’s profession, and scientific work — in other words, their previous ideas about the nature 

of science. 

The question that then emerges to guide this study is: How can representations of science and scientists 

in animated series be analyzed in order to understand how the nature of science is portrayed in these 

contexts? 

By specifically selecting animated series (also known as cartoons or animated television series) as our 

object of study, we focus on a type of audiovisual product with specific characteristics that must be carefully 

considered in the methodological design. In a previous work (Nakamura & Figueirôa, 2026), we conducted a 

systematic survey of the academic literature indexed up to November 2024 in major Brazilian databases 

(searching in Portuguese) as well as studies in international databases (searching in English)5 which analyzed 

images of science and/or scientists in animated series (including both Western cartoons and Asian anime). This 

yielded a total of 29 studies, with over 83% published in academically acclaimed peer review settings, including 

work by Mesquita & Soares (2008), Tomazi et al. (2009), Coelho (2019), Monteiro (2019), Rodrigues (2022), 

Mota & Nobre (2020), Nakamura et al. (2020), Penna (2021), Carvalho (2023), and Soucy-Humphreys et al. 

(2023). 

Nearly all of these 29 publications analyze scientist characters and the plot contexts in which they appear 

to examine the most prominent portrayals of scientist, science, and scientific work. Bardin’s content analysis 

was most frequently utilized (in 38% of the studies), followed by Pêcheutian or Foucauldian discourse analysis 

(in 14%). Both methodologies traditionally focus on textual analysis but allow images to be “read” as forms of 

text. Although versions of content and discourse analysis have been developed specifically to address 

audiovisual materials, the studies we analyzed mostly adopt the classic lines of these approaches, which require 

careful methodological considerations when applied to this type of object. Like films, animated series 

communicate their messages through multiple codes (visual, audio, filmic, and audiovisual) which must be 

considered together (Vanoye & Goliot-Lété, 2002). Yet only a few of the studies we analyzed explicitly 

incorporated these different codes in a systematic manner by including principles of film analysis, semiotics, or 

other specific frameworks from the audiovisual arena. Moreover, 24% of the studies did not explicitly state their 

methodologies for data collection and analysis, while another 24% used a wide variety of methodologies that 

were not recurrent, despite being for the most part technically grounded and methodologically coherent. These 

findings indicate the inherent difficulty in analyzing representations of science and/or scientists in animated 

series due to the unique characteristics of serialized audiovisual material and lack of consensus in the literature 

on the ideal methodology to be used as a framework for this type of analysis. 

Our literature review indicated a pattern in terms of the theoretical framework to support analysis of how 

science and scientists are portrayed in animated series. Studies in the field of communication tend to adopt 

frameworks related to stereotypes of scientists in fictional media, especially in Western literature and films, 

based on author such as Flicker (2003) and Haynes (1994, 2003); they also tend to illustrate contrasts between 

the representations we observed in the animations and the literature on the public perception of science and 

reception studies. Meanwhile, studies in the field of science education tend to adopt frameworks related to NOS 

or the epistemology of science, although they are for the most part limited to texts already considered classics 

in the field. Very few studies are based on recent and updated NOS authors such as Peduzzi & Raicik (2020) or 

McComas (2020), for example, and no studies adopted frameworks related to the nature of science-in-society 

(NOSIS), a more recent approach by authors such as Höttecke & Allchin (2020) that discusses relevant aspects 

of communication and credibility within scientific activity. We see these approaches to communication and 

 
5 The search was conducted in the CAPES Theses and Dissertations Catalog, Brazilian Digital Library of Theses and 

Dissertations (BDTD), CAPES Periodicals Portal, Scientific Electronic Library Online (SciELO Brazil), Scopus, Web of 

Science, and JSTOR databases. Google Scholar was also used on a supplemental basis, but an exhaustive search of this 

platform was not conducted. 
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science education as mutually complementary, and believe that when used together they have the potential to 

provide a more comprehensive reading of images of science and scientists. Ultimately, even though our main 

interest (from a science education perspective) is to understand how such images dialogue with the 

characteristics of science and scientific activity described by NOS, we maintain they must be recognized as part 

of a consolidated tradition of media representations of science and scientists which are strongly informed by 

audience expectations and the narrative conventions of audiovisual fiction.  

In our search of the literature, however, we found no theoretical-methodological framework for analyzing 

representations of science and scientists in animated series that explicitly coordinated and integrated these two 

theoretical approaches. Even when the scope was expanded to include studies on representations of science and 

scientists in animated films, we found analytical models that were based exclusively on only one of these 

research traditions (although they were consistent and potentially adaptable). This was the case in studies by 

Tomazi et al. (2009), Nieto (2014), Reznik et al. (2017, 2019), Monteiro (2019), Rodrigues (2019, 2022), and 

Silva (2022), for example. Other authors constructed their analytical categories a posteriori, predominantly 

deriving them from empirical content observed in the audiovisual objects under analysis, as exemplified by 

Carvalho (2023). Only one analysis, by Santos & Kurokawa (2024), used an analytical model that integrated 

approaches from communication and science education, and only in a preliminary form. However, its 

adaptability to other research contexts is limited by another restriction that also recurs in the literature: when 

NOS-based analytical categories are adopted, the models for analyzing representations of science and scientists 

in animations tend not to provide an explicit and systematic description of how they consider the specific 

characteristics of this audiovisual material in their data collection and analysis processes. Other examples of 

this limitation are the analytical models used by Mesquita & Soares (2008) and Raposo (2020). 

With this in mind, we identified the need for an analytical proposal that integrates theoretical frameworks 

from both research fields while simultaneously clarifying how the unique characteristics of serial audiovisual 

objects are incorporated into the methodological procedures. Our objective in this text is therefore to develop a 

detailed, specific, well-grounded, and robust theoretical-methodological framework for analyzing images of 

science and scientists portrayed in animated series that integrates insights from communication studies (which 

are essential for analysis of audiovisual materials and characters) with a science education perspective. The 

framework we developed is founded upon the methodology by Nieto (2014) and current and comprehensive 

theoretical frameworks of NOS, which also include those related to the nature of science-in-society. 

We opted to build upon Nieto (2014) because we consider this work one of the most consistent and 

comprehensive proposals in the literature for analyzing representations of science and scientists in serial 

audiovisual products, due to its high degree of detail, rigor, underpinnings, and coherence. Based on the film 

analysis of Lothar Mikos (2008) and the “character clock” analytical model by Jens Eder (2008), this 

methodology considers multiple codes present in the audiovisual product, the plot, and the need to carefully 

select segments of material over multiple episodes. This work is Nieto’s doctoral dissertation, defended at the 

University of Bielefeld and supervised by the German sociologist of science Peter Weingart (1941–), an 

important reference in typifying scientist stereotypes in fiction films (Weingart et al., 2003; Hüppauf & 

Weingart, 2008). But despite the solid research, Google Scholar indicates only a single citation of the 

dissertation up to the time of this writing, in a text by Nieto herself and her advisor (Nieto & Weingart, 2021). 

In fact, none of the studies identified in our systematic review (Nakamura & Figueirôa, 2026) cited the 

dissertation. 

We consequently dedicate the first portion of this paper to presenting and discussing the theoretical-

methodological frameworks developed by Nieto (2014) for analyzing representations of science and scientists 

in animated series, since we believe her methodology is the best and most complete option for research on this 

topic and, unfortunately, still relatively unknown. However, the theoretical frameworks Nieto uses only dialogue 

with traditional standards in the field of communication, grounded in studies of public perception of science and 

in works that typify stereotypes of scientists in fictional media, such as Haynes (2003), Pansegrau (2009), and 

Flicker (2003, 2008). For this reason, in the second part of the text, we complement Nieto’s approach by 

mobilizing comprehensive and current theoretical frameworks from science education, more specifically from 

NOS, such as McComas (1996, 2020), Gil-Pérez et al. (2001), Peduzzi & Raicik (2020), Höttecke & Allchin 

(2020), and Gandolfi (2024). And considering the close relation between science, engineering, and technology 
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in animated series (Nakamura & Figueirôa, 2026), we also incorporate some frameworks that discuss the nature 

of these areas, such as Rau & Antink-Meyer (2020), Mangiante & Gabriele-Black (2020), and Waight et al. 

(2022). Finally, in the third part of the text we propose a theoretical-methodological framework that is built on 

Nieto’s methodology but also expands and reconfigures it theoretically by incorporating NOS as a central 

analytical framework. In this way, we offer a science education research framework for exploring how 

representations of science and scientists in animated series dialogue with both consensual notions of NOS and 

students’ pre-existing ideas about NOS, without neglecting foundational theoretical and methodological 

frameworks from audiovisual communication for analyzing fictional and serialized narratives of this type. 

PART 1: THE METHODOLOGY DEVELOPED BY NIETO (2014) 

The mobilized theoretical framework  

In defining the characteristics of scientists and scientific work for analyzing images of science and 

scientists in animated series, Nieto (2014) is primarily founded on two research traditions: a) studies that typify 

stereotypes of scientists in fictional media; and b) studies in the area of public perception of science which use 

the DAST (Draw-A-Scientist Test) methodology to examine how children perceive science and scientists. In 

this text we chose to focus exclusively on the former tradition, since Nieto utilizes it more frequently in her 

analysis and because it is less widespread in the Brazilian academic context. However, we maintain that 

researchers who propose applying Nieto’s methodology should also be familiar with the latter research tradition. 

There are sufficiently solid records of notable similarity between representations of scientists in the media and 

popular images of scientists: Haynes (1994) notes this similarity, as do Ricon (2005), Monteiro (2011), Mendes 

(2020), and Penna (2021) specifically with regard to images of science and scientists conveyed in animated 

series in the national context. As classic authors who address children’s perceptions of science and scientists, 

we recommend Mead & Métraux (1957), Chambers (1983), Newton & Newton (1992), and Steinke et al. (2007). 

In the Brazilian context, several national studies use DAST and can be considered in conjunction with these 

classic international references. As for perceptions among young people, we suggest the results of a survey 

entitled “What do Brazilian youth think about science and technology?” (Instituto Nacional de Ciência e 

Tecnologia em Comunicação Pública da Ciência e Tecnologia [National Institute of Science and Technology in 

Public Communication of Science and Technology, INCT-CPCT], 2021, 2024). 

Stereotypes of scientists in fictional media 

Studies on representations of scientists in fictional media show that while scientists are common 

characters in fictional content, their representations are not as diverse as could be imagined (Nieto, 2014). In 

science fiction films produced throughout the twentieth century, the overwhelming majority of scientist 

characters are white men, generally American and middle-aged (age 35–49). They are often single or indifferent 

to relationships, eccentric, and their behavior can be considered out of touch with reality. The narratives tend to 

emphasize scientific findings, and scientific processes and methods are usually depicted only when associated 

with problematic or even criminal aspects (Weingart et al., 2003). Authors like Haynes (1994, 2003), Pansegrau 

(2008, 2009), and Flicker (2003, 2008) have used empirical research to demonstrate the existence of well-

defined archetypes generally employed for scientist characters in fictional media. In other words, scientists are 

stereotypically depicted in fiction, generally via simplified caricatures that tend to vary according to genre 

(comedy, horror, adventure, etc.), the scientists’ role in the fictional plot (main character, secondary character, 

villain, etc.), and the era in which the work was produced (Kirby, 2014, 2017). 

In Western literature, the most recurrent stereotype is the mad scientist: insane, malevolent, and dangerous 

(Haynes, 1994, 2003). Classic characters of this type profoundly influenced the evolution of scientist stereotypes 

in Western culture to varying degrees: Dr. Faustus, Dr. Frankenstein, Dr. Moreau, Dr. Jekyll, Dr. Caligari and 

Dr. Strangelove, for example. The same pattern can be seen in twentieth-century science fiction films where 

scientists are predominantly associated with fear (Weingart et al., 2003). Haynes (1994, 2003) explains the deep 

roots of this stereotype, dating back to the figure of the evil alchemist and ancient myths about the possession 
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of forbidden knowledge and subsequent punishment involving Eden, Prometheus, Daedalus, Icarus, and 

Pandora’s box. This author states that while the stereotype appears simple, it represents complex ideas and 

suppressed societal fears. It is no coincidence that the second most frequent image of scientists in Western 

literature is the foolish scientist. Haynes (2016) explains that, alongside the evil scientist, these two figures 

respectively represent caricature and defamation as forms of subversion used by the counterculture to react to 

fears of the power associated with science. Both deconstruct the image of the noble scientist typically present 

in the type of science historiography that only praises the great discoveries of scientific geniuses (a 

historiographical approach that today is heavily critiqued). 

However, in recent decades, amid the popularization of science driven by mass media, more scientist 

characters have been portrayed in fictional media in more complex and less negative ways. An extensive 

literature review by Kirby (2017) indicated that these characters are increasingly shown as mostly benevolent, 

with notable growth of the hero scientist. Although scientists are still often described as eccentric or social 

misfits, even the mad scientist has incorporated greater moral complexity, driven by good intentions. Kirby 

notes that classic stereotypes mainly persist in children’s media, where the simplicity of narratives demands 

quick understanding of a character’s occupation and role, in turn favoring one-dimensional representations. 

Stereotypes indeed serve as convenient simplifications for both writers and the audience, and are widely 

used to facilitate immediate recognition that a given character is a scientist (Haynes, 2003; Kirby, 2017). Nieto 

(2014) considers this aspect in building her methodology; based on the film analysis principles of Mikos (2008), 

Nieto understands all media to be constructed within a historical and cultural context, carrying references to 

other previous media. In this way, scientist stereotypes conveyed in fictional media in general (such as literature, 

cinema, and TV) are also expected to be present in animated series. To support her analysis, Nieto (2014) 

organized a table compiling the main scientist stereotypes in fictional literature and cinema, which also 

incorporated the stereotypes found by Gorp et al. (2014), one of the rare studies that typify scientist stereotypes 

present in media consumed by children and teenagers (including children’s television programs and other 

sources beyond films and fiction literature). Nieto’s systematization is presented in Table 1, along with the 

results of this author’s own research, which to our knowledge is the only work that typifies stereotypes of 

scientists specifically in animated series. 

The analyses by Flicker (2003, 2008) also recognized that stereotypes of fictitious female scientists 

substantially differ from stereotypes associated with male scientists. The classic archetype of the mad, evil 

scientist rarely applies to female characters: they are not portrayed as isolated in secret laboratories, nor do they 

contribute to the construction of a negative image of science. Instead, professional stereotypes overlap with 

gender stereotypes in constructing these characters, imbuing them with qualities not often attributed to male 

scientists which contribute to less rigid and objective representations of science such as intuition, emotional 

elements, romantic involvement, and expressed feelings. Nieto (2014) also presents these stereotypes in a 

specific table, reproduced here in Table 2. 

The descriptions in the tables are only a summary of the most notable characteristics of each profile; for 

a deeper understanding, the original sources should be consulted. Additionally, note that these images are not 

rigid: characters rarely fit perfectly into a single stereotype. Certain profiles tend to predominate, but may 

overlap with traits belonging to other stereotypes. 
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Table 1 – Stereotypes of scientists in fictional media.  

Medium 

(Ref.) 
Stereotypes Main characteristics 

W
es

te
rn

 l
it

er
at

u
re

 

(H
ay

n
es

, 
2

0
0

3
) 

The evil alchemist 
Conducts illegal research in isolation and secrecy. Is arrogant, insane and frightening. 

Attempts to obtain power with their work. 

The noble scientist 
Is benevolent, altruistic and idealistic. Pursues the common good and shares 

knowledge with society. 

The foolish scientist 

Is benevolent, idealistic. Advocates the open sharing of scientific knowledge. 

Conducts their research as member of a team. Uses their knowledge for the benefit of 

society. 

The inhuman researcher 
Is obsessed with a project and sacrifices their personal emotions and relationships to 

conclude it. 

The scientist as adventurer 
Is brave and optimistic. Believes that science will solve all problems. Plays the role 

of a hero. 

The mad, bad, dangerous 

scientist 

Is a disillusioned idealist. Has a megalomaniac personality. Threatens to destroy the 

world. 

The helpless scientist 
Becomes a victim of their own discovery. Is unable to foresee the effects of their 

research. Does not take responsibility for their actions. 

F
il

m
 

(P
an

se
g

ra
u

, 
2

0
0

9
, 

2
0

0
8

) 
*

 The eccentric scientist 
Is foolish and quirky. Appears confused and distracted. Has a good-natured 

personality. 

The scientist as hero or 

adventurer 
Is attractive, athletic, empathetic. Works outdoors. 

The professional scientist 
Is morally impeccable. Generally appears to be a gentleman. Is ambitious and a 

pacifist. Shows some indifference towards others. 

M
ad

 

sc
ie

n
ti

st
s 

The obsessed mad 

scientist  

Is obsessed with an unfinished project. Seeks power, fame or money. Is unscrupulous, 

megalomaniac and even criminal. Works in a secret place. 

The accidental 

mad scientist  

Becomes insane unintentionally. Is a victim of their own research. Has good 

intentions. Is a likeable character. Undergoes some kind of physical transformation. 

The utopian ruler Desires power. Has no moral principles. Is malicious. 

D
u

tc
h

 p
ro

g
ra

m
s 

fo
r 

ch
il

d
re

n
 a

n
d

 

ad
o

le
sc

en
ts

 

(G
o

rp
 e

t 
al

.,
 2

0
1

4
) 

The genius 
Creates extraordinary and revolutionary inventions. Is absent-minded and detached 

from the ordinary world. 

The nerd Is socially inept. Deviates from the norms of social behavior. Has no power or status. 

The puzzler 
Is obsessed with their work. Carries out their work with precision and attention to 

detail. Works in seclusion. 

The adventurer Is a physically active scientist. Works outdoors. Plays the role of a hero. 

The mad scientist Has delusions of grandeur. Has an insane plan against humanity. 

The wizard 
Is a secondary character; remains in the background. The products of their scientific 

work help the protagonists to achieve their goals. 

The misunderstood genius 
Society and/or colleagues do not acknowledge their work, but the individual is 

redeemed at some point in the plot. 

A
n

im
at

ed
 s

er
ie

s 
*

*
 

(N
ie

to
, 

2
0

1
4

) 

M
ad

 

sc
ie

n
ti

st
s The evil mad 

scientist 

Is arrogant, obsessed, ambitious, unethical, and even criminal. Is an outsider or 

excluded from social groups. Seeks power and recognition. Works in secret. If they 

have an assistant, the relationship is hierarchical. Mixes genius with comical flaws. 

The mad scientist 

against their will 

Is ambitioned and well-intentioned. Their “minor” infractions of scientific conduct 

have serious consequences. Risks are understood as inherent to scientific process. 

The scientist as father or 

mentor 

Is empathetic, friendly, benevolent, and respected as scientist. Is rational and devoted 

to work. Has noble purposes and is always willing to help, although their work can 

generate risks if misused. 

The young and 

inexperienced scientist 

Is a genius, but immature. Science is their major interest, but restricts their social life. 

May conduct dangerous experiments or transgress ethical boundaries, sometimes 

causing accidents due to their naivety. 

Note. Adapted from Nieto (2014, p. 82). *We include a reference to the text by Pansegrau (2008), published in English, 

which discusses the same stereotypes as the 2009 text, which is only available in German. **We supplemented the table 

with findings from Nieto’s (2014) own research. 
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Table 2 – Stereotypes of women scientists in fiction films. 

Medium 

(Ref.) 
Stereotype Main characteristics 

F
il

m
 

(F
li

ck
er

, 
2

0
0

3
, 

2
0

0
8

) 

The old maid 

Is entirely devoted to her work. Has an old-fashioned appearance and personality. Acts 

rationally and has no interest in romantic relationships. Embodies an incompatibility between 

competence and femininity. An intelligent, but unfeminine, person in the beginning of the film, 

this character turns into an attractive woman after a male character appears and alters her life. 

During this process, she loses professional competence. 

The male 

woman 

Lives in a male world. Has asexual or even “manly” characteristics. Has an unhealthy lifestyle 

or even bad habits. Is a competent scientist, but plays a subordinate role to male scientists. Her 

role as woman is irrelevant, except for her female intuition. Contributes significantly to the 

resolution of the plot. 

The naïve 

expert 

Is young, intelligent and beautiful. Is benevolent and incorruptible. Has a successful scientific 

career, but is naïve and emotional. Despite her intelligence, her innocence gets her into trouble. 

She is rescued by a man. Represents trust in science’s contribution to the common good. 

The evil plotter 
Is young and very attractive. Uses her beauty to achieve her goals. Is immoral and unscrupulous. 

Uses her knowledge and intelligence in the service of villains. Represents mistrust in science. 

The daughter 

or assistant 

Her role is associated with the role of another superior male scientist (e.g. renowned researcher). 

Through her social abilities, she compensates for the scientist’s antisocial traits. Serves as a 

translator for society. 

The lonely 

heroine 

Is a highly competent scientist, but lacks recognition. Is young, attractive, emancipated. Her 

major (or only) interest is scientific research. Has insatiable curiosity and moral integrity. A 

male mentor plays a crucial role in her professional life.  

The clever 

digital beauty 

Is a young and extremely attractive woman, who lives and works surrounded by men. Appears 

to be independent and free, but bears an emotional burden. As a scientist, she is highly 

competent, personable and financially independent. Her qualities as a scientist, however, are 

secondary to her characterization. She has a rebellious personality, to some extent adolescent or 

even immature. Combines qualities typically attributed to male action characters (e.g. physical 

strength) and the sexual appeal of the “evil plotter.” 

Note. Adapted from Nieto (2014, p. 84). 

The research methodology developed and used by Nieto 

As mentioned, Nieto (2014) develops her methodology based on the film and television analysis of Lothar 

Mikos (2008) and the “character clock” model by Jens Eder (2008). The approach is qualitative, organized into 

well-defined stages that encompass not only the analytical process but also the phases that precede it. Although 

these stages are systematic, they should not be considered rigid, since they can be revisited whenever necessary 

to review, complement, or refine the work. Below we present the stages proposed by Nieto (2014), followed by 

our comments, suggestions, and discussions. We begin with the selection, description, segmentation, and 

preparation of the material to be analyzed in order to then proceed to design and application of the analysis. 

Selecting the animated series and scientist characters for analysis 

The series selected for analysis may vary in aspects including genre, target audience, animation 

techniques, number of episodes and seasons, and episode duration. As long as the choice is in line with the 

research objectives, the researcher should define the selection criteria and the number of series selected. From 

a science education perspective, we recommend at minimum that the chosen series be popular6 among the 

 
6 Defining which animated series are popular among different student audiences is no trivial task. Official audience and 

audience profile data are rarely released, since this information is strategic in the audiovisual industry; Netflix is currently 

the only streaming platform in Brazil that officially releases the continuous history of its most-watched content. Moreover, 

series that are popular among certain groups of students may not be as well liked among others, even within the same age 

group, due to different sociocultural contexts and the on-demand consumption model. Within this context, researchers 

should identify series that may be popular among the target audience, while only teachers in direct contact with the 
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student audience targeted in the study. For clarity we present the methodology for selection and in-depth analysis 

of a single series, although multiple productions may be selected for analysis in the same study. 

To implement this methodology, it is essential that: a) the researcher have full access to the audiovisual 

material in the series selected for analysis, covering all episodes from all seasons; and b) the animated series 

feature at least one scientist/researcher character in a role relevant to the plot (main, secondary, or recurring 

character). The importance of the first criterion will be discussed later, in the material segmentation stage. The 

second criterion is justified by the fact that scientific content must be present to analyze how science and 

scientists are portrayed. Nieto (2014) considers the existence of scientist characters as the main indicator of this 

presence, while Kirby (2017) notes that scientists are the most prominent and recognizable signs of scientific 

practice in fictional media, since they represent the public face of science. Nieto (2014) consequently organizes 

her analysis around these characters, investigating the portrayal of scientists and the images of science built by 

the surrounding context. For this reason, the characters must be presented in the narrative with a certain degree 

of depth, making it impossible to analyze animated series where scientist characters appear only as recurring 

guests. 

Identifying scientist characters in an animated series may also be challenging. Characters like physicians 

or nerdy high school students are not necessarily scientists, even if they recurrently use scientific knowledge; 

likewise, detectives and explorers may conduct investigations and seek answers without necessarily being 

scientists. At the same time, cartoons feature numerous characters who call themselves scientists but in practice 

are inventors, mechanics, or even children playing at being scientists. For us, regardless of whether they actually 

are scientists, when characters are presented in this way they come to be associated with the profession by the 

viewer and consequently enter our field of interest. Here the criteria defined by Nieto (2014) for a character to 

be considered a scientist are relevant; the character must: 

a) Self-identify as a scientist or researcher (in general or in a specific field) 

b) Be identified by other characters as a scientist or researcher (in general or in a specific field) 

c) Be depicted conducting research in natural or social science 

or 

d) Hold an academic title such as professor or doctor (not including physicians, lawyers, or primary and 

secondary school teachers, for example). 

According to these rules, physicians are not considered scientists but characters that conduct medical 

research are, while characters who do not call themselves scientists but are seen conducting scientific work (in 

general or in a specific field) are considered scientists, such as botanists, oceanographers, or anthropologists, 

for example. These criteria also make it possible to recognize scientists in the social sciences, helping to 

demystify positivist notions that science is restricted to the natural sciences. 

Pre-analysis: initial exploration, segmentation, and description of the analyzed corpus 

Once the animated series has been defined and its scientist characters initially identified (others may be 

identified during the material exploration stage), the next step is to compile a profile containing general 

information about the series in order to understand its production context and basic structure. Using sources that 

included encyclopedias, TV channel websites, and online catalogs, we identified authors, producers, country of 

origin, year of production, number of seasons, number of episodes, and broadcast platforms, for instance. Next 

we explored the material, watching the first episodes. During this process we determined a synopsis of the series, 

main and secondary characters, the presence or absence of other scientist characters, and the general episode 

structure. All this information is added to the profile to comprise an initial description of the material, as shown 

in Table 3. 

 
classroom can assess whether these series are in fact part of the cultural repertoire of a specific group of students and 

whether they are relevant for discussing the images of science and scientists they convey. 
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Table 3 – Sample profile with the general description of the animated series “Dexter’s Laboratory.” 

G
en

er
a

l 
in

fo
rm

a
ti

o
n

 

Created by: Genndy Tartakovsky 

Production companies: Cartoon Network Studios (Seasons 1, 3–4), Hanna-Barbera Studios (Season 2) 

Country of origin: United States 

Original language: English 

Number of episodes: 78 

Number of seasons: 4 

Episode running time: 22 minutes 

Original release platform: Cartoon Network 

Original release: April 28, 1996 – November 20, 2003 

Genre: Comedy, science fiction, adventure 

Available on streaming platforms: HBO Max, Amazon Prime Video, Apple TV 

Dubbed version in Brazilian Portuguese: Available. 

S
y

n
o

p
si

s Dexter is a red-haired boy genius who has a secret laboratory where he conducts scientific experiments and develops 

technologically advanced devices. His work is constantly interrupted and damaged by his sister Dee Dee, who wonders 

around the lab without permission. Dexter has to protect his laboratory and his inventions not only from Dee Dee, but 

also from his scientific archenemy Mandark, while keeping the existence of the laboratory a secret from his parents. 

C
h

a
ra

ct
er

s Main characters: Dexter, Dee Dee. 

Supporting characters: Dexter’s mother and father, Dee Dee’s friends (Lee Lee and Mee Mee), Dexter’s enemy 

(Mandark), and Monkey. 

Minor characters: Interdimensional monster, Dee Dee from the future, school teachers, robotic assistants, Oceanbird 

and Windbear. 

S
tr

u
ct

u
re

 Each episode of the series consists of three segments: 1) “Dexter’s Laboratory,” 2) “Dial M for Monkey” or “The Justice 

Friends,” and 3) a segment about Dexter’s family. The analysis focuses on the first and third segments in each episode 

where the scientist characters predominantly appear. Each episode presents a self-contained story that is fully resolved 

by its end. 

Note. Adapted from Nieto (2014, p. 96). 

Regarding series and episode structure, in some animated series the plot structure repeats from episode 

to episode, always presenting a story with a beginning, middle, and end with no continuous development in 

character portrayals over time. An example is the classic cartoon “Woody Woodpecker” (1940–present): each 

episode presents a different adventure of the character, and one episode does not influence the storyline of the 

next. Other series depict one single adventure that unfolds over a sequence of episodes, sometimes for an entire 

season or even the complete series. In these cases, the passage of time and past experiences influence how the 

characters are presented. Examples include the anime “Dragon Ball” (1986–1997, 2009–present) and “Naruto” 

(2002–2023), whose characters mature over time. Other series blend the two formats, with each episode 

presenting individual and complete adventures but together comprising a larger and more complex story. 

Examples include “Adventure Time” (2010–2018, 2020) and “Rick and Morty” (2013–present), where the 

apparently caricatured representations of scientists develop and reveal multiple facets throughout the episodes. 

Nieto (2014) notes that it is important to determine which format is being utilized. In series where the 

characters do not develop during the course of the program, watching a limited selection of episodes may suffice 

for analysis, but in the other two formats it is essential to watch the complete series during this initial exploratory 

stage (hence the need for access to all episodes, as mentioned above). Fundamental to this process is careful 

observation of how the scientist characters develop throughout the narrative, identifying which episodes and 

segments contain the main aspects related to representations of science and scientists. This information should 

be noted in order to later guide segmentation of the material. 

Determining how many and which episodes to select will depend on the number of scientist characters 

and the complexity of their development in the narrative (determined during the exploratory stage). Initially, 

Nieto (2014) recommends selecting at least four complete episodes per character: the episode where the scientist 

is first introduced, plus three more where science and/or scientist characters are prominent and relevant to the 

narrative. The introductory episode is selected to capture the primary characteristics of the character, building a 

preliminary model of how the scientist is portrayed. The other three episodes will make it possible to distinguish 

between constant and temporary characteristics in portrayal of the scientist and also complement the model built 

for the character. Animated series that incorporate the passage of time into the plot (with sequential episodes 
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and character development) require selection of episodes that encompass the introduction, climax, and 

conclusion phases of the narrative related to the character and the series as a whole. If necessary, more than four 

episodes can be chosen per character, but it is important to avoid analyzing fewer episodes in order to reduce 

the risk of limited interpretations resulting from a restricted selection. 

In addition, a number (N) of supplemental episodes should be selected to analyze the context of each 

scientist character, as they will provide insights into how scientific work, scientific communication, and the 

nature of scientific knowledge are portrayed. The number of these episodes is at the researcher’s discretion, and 

varies according to need and relevance for analysis. Sometimes this set may include the entire series; in the case 

of very extensive series with many sequential episodes, we consider it reasonable to select only the most relevant 

scenes and sequences identified during the exploratory process. 

This set of episodes and scenes will constitute the corpus for analysis, which should be organized into a 

table systematizing the relevant topics initially identified for each selected element. Next, for each of these 

episodes and scenes, what Nieto (2014) calls a sequence protocol should be prepared; here we have renamed 

this protocol a sequence description, illustrated in Table 4. This table contains a detailed description of each 

segment comprising the episode or scene in question, including relevant visual, sound, narrative, and film 

elements. This group of sequence descriptions will be analyzed in the process described below. 

Table 4 – Sample sequence description: “Dexter’s Laboratory,” opening scene. 

Sequence 

no.* 

Sequence 

duration (s) 
Description 

1 00:00–00:08 
Dee Dee goes to Dexter’s room. There is a warning not to enter, but she ignores it and goes 

into the room. She falls into a hole in the floor that was covered by a rug. 

2 00:09–00:17 

Dee Dee reaches Dexter’s secret laboratory, where he is working on a remote control. Dexter 

successfully completes his work, but Dee Dee takes away the remote control. Dexter pursues 

Dee Dee to recover the remote. 

3 00:18–00:21 
Dexter boards a ship with a giant pair of pliers and snatches the remote control from Dee Dee’s 

hands. Dexter flies away and gets off the ship. 

4 00:22–00:30 

Dexter impatiently presses the remote control button, but without success. Dee Dee plugs in a 

wire, triggering a sudden shock that knocks Dexter to the floor and lights up a sign reading 

“Dexter’s Laboratory. Created by Genndy Tartakovsky.” 

Note. Adapted from Nieto (2014, p. 98). For analytical identification of each segment, we suggest the following coding 

format: [season number].[episode number].[segment number]. 

Analysis: design and conduct 

Nieto (2014) organizes the analysis into three levels: a) analysis of the plot, in the episodes and the series 

as a whole; b) analysis of the scientist character; and c) analysis of the context surrounding this character. The 

second level investigates representations of scientists in the animated series, while the first and third examine 

representations of science. Below we present and discuss the organization of each of these analysis steps, and 

conclude with guidelines for practical implementation. 

Analyzing the plot of episodes and the animated series 

Based on the sequence descriptions described in the previous step, the aim is to understand the dramatic 

structure of the selected episodes and the animated series as a whole — in this case, also considering the 

supplementary episodes and scenes selected. To do so, Nieto (2014) resorts to Syd Field’s three-act structure 

model, which is recognized in the field of screenwriting. According to this model (as detailed in Figure 1), the 

narrative is organized into three acts: 1) setup, which presents the initial situation, the theme, and introduces the 

characters; 2) confrontation, which develops the situation through conflicts, problems, or obstacles; and 3) 

resolution, where the conflict is resolved and the story comes to an end. Preceding the transition between phases 

are the plot points, events that alter the course of the narrative and influence the development of the story. In 

the middle of the second phase (confrontation) there is the midpoint, which marks the climax of the conflict. 
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Figure 1 - Syd Field’s three-act structure: model of narrative dramatic structure. 
Note. Adapted from Nieto (2014, p. 100). 

Certainly, while not every narrative follows this model it should be understood as a guide, providing 

central concepts that can be used in a flexible manner to identify the structure of the story being told. In practice, 

Nieto (2014) organizes the events of each selected episode into diagrams like the one in Figure 1. The same 

procedure can be adopted on a larger scale for a story arc or even the complete series. These diagrams make it 

possible to identify the role of science in plot development, along with the position of the scientist characters in 

the activities that comprise the story. 

Analyzing the scientist character 

To investigate representations of scientists in the series, Nieto (2014) draws on the “character clock” 

model proposed by Jens Eder (2008), which proposes a comprehensive and exhaustive examination of the 

character based on four dimensions: two descriptive and two interpretive. Nieto adapts this framework to focus 

on specific aspects of the representations of scientists, describing the dimensions as follows: 

Descriptive dimensions 

1. The character as a fictional entity: examine the character’s physical, personal, and social 

characteristics, as well as their personality, considering which characteristics are permanent/stable 

and which are transient. 

2. The character as an audiovisual artifact: examine how the character is constructed through narrative 

resources (naming, narrator, role within the plot, etc.), visual resources (framing, camera perspective 

and movement, lighting, etc.), and acoustic resources (sound effects, theme music, etc.). 

Interpretive dimensions 

3. The character as a symbol: attempt to understand the indirect meanings associated with the character, 

assessing the presence of stereotypical characteristics, relationships to other texts/media, or 

connections to symbols of popular culture (alchemists, Frankenstein, etc.). 

4. The character as a symptom of the society in which he or she emerges: attempt to understand the 

character in relation to the social conditions where he or she was produced and circulates, linking his 

or her image to recurring stereotypes of scientists in fictional works. 

The four dimensions are linked together in a complementary manner, and one single aspect of a character 

can be analyzed from different perspectives. As the analysis progresses, new interpretive hypotheses are 

gradually developed and the researcher revisits previously explored dimensions in order to test these hypotheses, 

in a dynamic and circular process (Figure 2) which progressively refines the understanding of images of 

scientists portrayed in the series through the character. For each dimension, Nieto (2014) proposes a set of 

guiding questions that indicate which aspects of the character to focus on. These questions are formulated 

according to the theoretical frameworks presented earlier, and address the main characteristics attributed to 

scientists according to studies on public perceptions of science and above all the frameworks that typify 

stereotypes of scientists in fictional media (see Tables 1 and 2). These questions constitute the core of Nieto’s 

analytical model and are presented in Figure 2. 
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Figure 2 - Model for analyzing the scientist character, according to Nieto (2014). 
Note. Adapted from Nieto (2014, p. 102). 

Analyzing the scientist character’s context 

To investigate representations of science, Nieto (2014) adapts the previous model to now focus on the 

scientific activity depicted in the series (as presented in Figure 3). Again, a set of guiding questions are proposed 

to guide the aspects to be analyzed across the four dimensions (the character as a fictional entity, as an 

audiovisual artifact, as a symbol, and as a symptom). But at this stage the character is considered to be embedded 

within the broader context, functioning as a point of departure rather than the boundary of the investigation. 

 

 

Figure 3 - Model for analyzing the context surrounding the scientist character, according to Nieto (2014). 
Note. Adapted from Nieto (2014, p. 106). 
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Within this context, references to scientific work and scientific disciplines are sought, for example. At this stage, 

the previous analysis of the plot (at the episode level as well as across the series) supports understanding of the 

role that scientists and scientific products play in the fictional society. However, despite the robust methodology 

here we identify a limitation: the guiding questions that comprise the model in Figure 3 are founded on the same 

theoretical frameworks as the previous model, which discuss the images of scientists in depth but do not address 

the images of science with equal rigor. Later in this paper we propose incorporating NOS frameworks into the 

model to address this limitation. 

Analytical procedure 

Throughout the pre-analysis and analysis, the episodes and segments selected to compose the corpus are 

watched multiple times: a) during the exploratory phase; b) after the material has been segmented, to prepare 

the sequence descriptions; c) during analysis of the plot in the episodes as well as the series as a whole; d) during 

analysis of the scientist character; e) during analysis of the scientist character’s context. In this process, some 

episodes and scenes concentrate a large amount of information and require special attention, such as the first 

episode where the character is introduced and scenes that depict work settings. For such cases, Nieto (2014) 

makes detailed transcriptions based on expanding the sequence descriptions prepared in the pre-analysis, 

including the (verbal) text and annotations on visual resources, sound resources, and other audiovisual 

characterization resources (framing, camera angle, etc.). However, it is our opinion that whenever possible, this 

detailed transcription should be undertaken for all episodes and scenes that comprise the corpus. 

In analysis of the scientist character, the focus falls on the four (or more) main selected episodes. Based 

on the detailed transcription of these episodes, together with simultaneous playback of the audiovisual material, 

codes are used to identify any and all aspects relevant to the analysis, as guided by the questions in the model 

presented in Figure 2. Specific codes should be created to record particular characteristics of the character in 

relation to each question. For example, a line that exposes the character’s rational personality can be assigned 

the code “A6.rat” in reference to question A6, which addresses their psychological characteristics. Each code 

should be carefully defined by the researcher to ensure accurate, coherent, and systematic coding of all material. 

Note that each segment can be assigned multiple codes, since a single characteristic can be observed from the 

perspectives of multiple dimensions of analysis. For example, a lab coat is a garment (corresponding to question 

A2), but also functions as a symbol and a stereotypical characteristic (corresponding to question C3).  

After coding7 all the material, the different segments assigned the same code are grouped and organized 

to start the process of synthesis and interpretation. This is followed by drafting a narrative text8 that individually 

answers the questions that comprise the model in Figure 2, mobilizing and organizing all the codes 

corresponding to each question. As mentioned earlier, during this process interpretive hypotheses are 

continuously developed, tested, and refined, returning to previously analyzed dimensions whenever necessary, 

in a dynamic and circular movement where insights into one dimension may cast light on others. We also 

maintain that information about the creators, producers, and others responsible for the series (which are 

identified in Table 3) can provide clues to better understand the choices of scientist images used in the work. 

After all, the people who create and develop characters and write scripts inevitably leave signs of their 

worldview during this process. Once all these steps are complete, the resulting narrative text contains the refined 

model of the analyzed scientist character. When more than one scientist character appears in a series, the entire 

procedure is repeated for each, with construction of refined individual models that depict all representations of 

scientists in the series. 

This procedure is repeated again to analyze the context where the scientist character(s) appear. But this 

time, in addition to the four (or more) main episodes, supplementary episodes and scenes are also included: in 

other words, the entire corpus is considered. All material is re-coded, now based on the questions that comprise 

the model presented in Figure 3. When preparing the narrative text that organizes, synthesizes, and interprets 

the coded segments that individually answer each questions, the results for plot analysis of the episodes and the 

 
7 Nieto (2014) uses Atlas.ti software to assist in the processes of organizing, coding, and interpreting the material. 
8 For an example of narrative text elaboration, we recommend consulting Annex E of Nieto (2014). 
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series are also incorporated, providing insights into the role that science plays in the narrative. Again, 

information about the creators, producers, and others responsible for the series can be used to provide 

interpretive clues. Finally, the process yields a refined model of how science is represented in the series, which 

is synthesized along with the model of scientist representations in the final report presenting the research results. 

PART 2: ADAPTING THE METHODOLOGY OF NIETO (2014) TO A 
SCIENCE EDUCATION PERSPECTIVE 

Although the methodology developed and applied by Nieto (2014) may be the most complete, robust, 

and detailed tool in the literature for analyzing representations of science and scientists in animated series, it 

does contain some limitations in how representations of science are approached. As mentioned earlier, this 

author’s work is founded on theoretical frameworks that explore images of scientists in depth but do not address 

the images of science to the same extent. Since her research is conducted in the field of philosophy, which 

dialogues with mass media studies, Nieto aims to understand how images of science portrayed in fiction reflect 

society’s uncertainties, expectations, and desires regarding scientific knowledge, and this is reflected in the 

model she proposes. But from a science education perspective, more is required: since our goal is to understand 

how scientist characters in animated series can contribute to the shaping, consolidation, and reproduction of 

students’ pre-existing ideas about NOS, we must also understand how aspects of the nature, production, and 

communication of scientific knowledge are portrayed. We therefore propose complementing the theoretical 

frameworks mobilized by Nieto with current comprehensive studies on NOS, as well as discussions arising from 

the nature of engineering and the nature of technologies. Some of these frameworks are presented below to 

support the analysis we propose in Part 3. 

The nature of science 

Literature on NOS has a long tradition of examining discussions by experts in fields including the history, 

philosophy, and sociology of science in order to identify and didactically transpose the aspects of science 

considered essential for inclusion in the science curriculum (McComas & Clough, 2020). These aspects provide 

a solid framework to guide our analysis of the characteristics of scientific work portrayed in animated series. 

To this end, we draw on the following authors: a) McComas (1996, 2020), Gil-Pérez et al. (2001), and Peduzzi 

& Raicik (2020), who discuss the main epistemological aspects of science according to the consensus view of 

NOS; b) Höttecke & Allchin (2020), who highlight key aspects related to internal and public communication of 

science; and c) Gandolfi (2024), who introduces important aspects of the role of science in society from a critical 

and decolonial perspective. 

The main aspects of NOS according to these frameworks are summarized in Tables 5 and 6.9 Table 5 

addresses the epistemic dimension of science, which encompasses cognitive or rational aspects related to 

scientific knowledge, its processes, and methods; while Table 6 presents the non-epistemic dimension, 

comprising contextual, social, and psychological aspects related to science and scientists. Drawing on Gandolfi 

(2019) and Aragón-Méndez et al. (2019), and informed by science and technology studies (STS), this distinction 

lacks well-defined boundaries and may be considered debatable, but it is employed here solely for didactic 

purposes in order to highlight social characteristics of science which are essential for understanding scientific 

endeavors as a human practice with social and environmental impacts 

 

 

 
9 Here our goal was to address all characteristics of NOS discussed in the frameworks (albeit sometimes indirectly), and 

we only excluded two which we considered overly specific and unlikely to appear in animated series: the search for global 

coherence (Gil-Pérez et al., 2001) and thought experiments (Peduzzi & Raicik, 2020). 
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Table 5 - Epistemic aspects of the nature of science. 

Aspect Description 

Evidence# 
Scientific knowledge is built upon evidence, which inspires investigations and supports conclusions. 

The scientist cannot choose which evidence is valid based on personal beliefs. 

Question, 

objectives, and 

hypotheses*†#‡ 

Scientific investigation begins with a question that the scientist seeks to answer. It is guided by well-

defined objectives and rationalized in terms of hypotheses (tentative answers), which are subjected to 

the most rigorous testing possible. Hypotheses direct the search for data. 

Theory-

ladenness*†#‡ 

Scientific knowledge is built upon prior knowledge. The scientist background theory guides the 

formulation of hypotheses, as well as collection and interpretation of data. For this reason, there is no 

such thing as “pure data” or “neutral observations,” and different theoretical foundations can lead to 

distinct conclusions when examining the same set of data. 

Subjectivity*#‡|| 

Scientists are neither neutral nor inherently more objective than other professionals: they also have 

biases, beliefs, and values that influence the collection and interpretation of data. Subjectivity is 

inevitable, because science is produced by humans. However, individual biases tend to balance each 

other out, making the scientific knowledge that results from collective construction more objective. 

Methods*†#‡ 

There are multiple methods for doing science which are developed and validated for each type of 

investigation, with room for creativity, trials and errors, doubts, intuitions, and reflections. The 

existence of a single, rigid, and universal method, “the scientific method,” is one of the greatest myths 

about science.  

Activities 

involved*†#‡ 

Scientific investigation involves a variety of activities: observation, recording, analysis, literature 

review, model building, etc. Experimentation is just one, and in some cases it is dispensable. Scientific 

practice can therefore occur in different contexts, and is not restricted to the laboratory or work 

requiring a lab coat (personal protective equipment), as popular images suggest. 

Laws and 

theories*#‡ 

Laws and theories are products of science, both equally reliable and supported by solid scientific 

evidence. Laws describe patterns observed in nature, while theories explain why they occur (such as 

Newton’s law of universal gravitation and the theory of evolution). Contrary to common sense, theory 

is not the same as hypothesis. 

Creativity*# 

Scientific investigation is not linear, mechanical, or formulaic. Creativity and imagination are 

fundamental, from the formulation of questions to interpretation of data and proposal of results. After 

all, laws and theories are creations of the human mind. 

Consensus*#‡§ 

Science does not deal with absolute truths, but rather knowledge established as consensus within the 

scientific community. This knowledge is valid, robust, reliable, and durable, yet is always tentative 

and subject to revision in light of new evidence or interpretations. In other words, science is not 

dogmatic. 

Controversies 

and 

reformulations†‡ 

The construction of consensual scientific knowledge is a dynamic, creative, polemical, questioning, 

and argumentative process. Scientific controversies are common and place divergent ideas into 

dispute, sometimes giving rise to major ruptures and transformations in the scientific knowledge 

considered hegemonic at a given time.  

Limitations*# 

Science does not offer absolute proof, since it is impossible to gather all the evidence to demonstrate 

that a claim is definitively true; what science does is accumulate evidence that supports its validity. 

Moreover, questions related to areas such as religion, ethics, or aesthetics cannot be definitively 

answered by scientific methods, although science can provide insights to reflect upon them. 

Note. Prepared by the authors based on * McComas (1996), † Gil-Pérez et al. (2001), # McComas (2020), ‡ Peduzzi & 

Raicik (2020), § Höttecke & Allchin (2020), || Gandolfi (2024). 
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Table 6 - Non-epistemic aspects of the nature of science. 

Aspect Description 

Cooperative 

work†#‡§ 

Scientific endeavors are by nature collective and cooperative constructions. Beyond teamwork, 

scientists operate as a community: they validate each other's research (peer review), publish results, 

attend conferences, exchange information, debate controversies, establish consensus, deepen and 

revise prior knowledge, organize distribution of funding, etc. In science, there are no isolated 

geniuses. 

Scientific 

institutions†§ 

Scientists organize themselves collectively through institutions like scientific societies, universities, 

research centers, academic journals, and funding agencies. These institutions guide the research 

topics considered relevant, offer support and credibility to scientists, represent them as a collective 

to society, and so on. Generally, it is within or through scientific institutions that scientists develop 

and communicate their research. 

Funding†#‡§ 

Scientific practice requires funding. To a large extent, these resources come from governments and 

private foundations, which define priority research areas and topics according to their own agendas. 

Few scientists consequently have complete freedom to pursue their personal research interests, since 

their choices are shaped by social, political, commercial, and other demands. 

Epistemic 

dependence†#§ 

Scientists are experts in specific areas of knowledge, and inevitably depend on experts in other fields 

to access reliable knowledge outside their own area of expertise. The idea of the generalist scientist, 

a universal and superhuman genius, is a myth. Scientists are ordinary people who possess in-depth 

knowledge in a particular field simply as a result of study and dedication. 

Scientist 

credibility*§ 

The credibility that a scientist (or group) inspires depends on their: expertise (whether they are an 

expert on the topic they address); credentials (the reputation of the institutions where they studied 

or worked, as well as their mentors and academic partnerships); honesty (a track record free from 

fraud or scientific misconduct); and responsibility (whether they avoid disseminating false or biased 

information, or claims influenced by conflicts of interest that unjustifiably challenge scientific 

consensus). 

Public 

communication§ 

Scientific communication to the public is not free from bias, whether this is done by scientists, 

science communicators, or laypeople. For this reason it is essential to evaluate the communicator’s 

credibility, the absence of conflicts of interest, and the alignment of the information with scientific 

consensus. Furthermore, algorithms used by online search engines and social media platforms can 

lead the public to believe that fake or distorted information reflects the consensus among experts, 

even when such claims diverge from the majority view within the scientific community. 

Access barriers†‡|| 

Science is not (or should not be) a predominantly white and male domain. However, it is important 

to recognize that socio-historical processes have shaped (and continue to shape) who receives 

support to enter and participate in the scientific community. Contributions from scientists in the 

Global South, women, and racialized groups have long been marginalized, although efforts are 

currently underway to reverse this scenario. 

Social impact†|| 

Scientific knowledge and the processes through which it is developed have impacts on society and 

the environment, both positive and negative. They occasionally play oppressive, unjust, exploitative 

roles, and/or reinforce inequalities. It is therefore essential for scientists to make responsible 

decisions, without placing scientific development above the common good. 

Access|| 
Access to scientific knowledge and products is neither fair nor equitable. Historical structures of 

power, colonization, and inequality influence who benefits from science and who does not.  

Non-superiority|| 

Scientific knowledge is not inherently superior to other forms of knowledge, such as traditional 

knowledge or that produced by marginalized groups, which are forms of knowledge with distinct 

natures that each are valid within their own domains. Science often appropriates and incorporates 

knowledge originally developed by these groups. 

Note. Prepared by the authors based on * McComas (1996), † Gil-Pérez et al. (2001), # McComas (2020), ‡ Peduzzi & 

Raicik (2020), § Höttecke & Allchin (2020), || Gandolfi (2024).  
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On the distinction between science, engineering, and technologies 

We consider it important to complement the theoretical framework with elements from the nature of 

engineering (NOE) and nature of technology (NOT), given the close and often overlapping relationship between 

science, engineering, and technology in animated series (Nakamura & Figueirôa, 2026). Literature on NOE and 

NOT remains scarce, however, and the conceptual distinction between these three domains is neither clear nor 

uniform (Rau & Antink-Meyer, 2020). Here, we draw on the theorizations proposed by Rau & Antink-Meyer 

(2020), Mangiante & Gabriele-Black (2020), and Waight et al. (2022). 

Science and engineering are distinct disciplines, each with its own epistemologies. According to Rau & 

Antink-Meyer (2020), science involves the formulation of questions and construction of explanations, 

employing a systematic approach to develop models, conduct investigations, analyze and interpret data, and 

argue from evidence with the aim of understanding the natural world. Engineering, in turn, focuses on defining 

problems and searching for solutions, using a systematic and often iterative approach to design products, 

processes, and systems that meet human needs and desires. In other words, while science is concerned with 

understanding and explaining phenomena, engineering is centered on design — the act of designing. To this 

end, Mangiante & Gabriele-Black (2020) emphasize that engineers mobilize both scientific knowledge that 

grounds their proposals (“knowing what”) and procedural knowledge about how to achieve solutions (“knowing 

how”). Their practice involves forms of knowledge specific to engineering, such as envisioning multiple 

solutions, considering the properties of materials, and constructing and learning from prototypes. 

As a result, when a fictional character labeled as a scientist acts as an inventor, this work is more in line 

with that of an engineer. But if their work is limited to fixing things, the character more closely resembles 

technical professionals like mechanics or electricians. Mangiante & Gabriele-Black (2020) highlight that 

associating engineering solely with the construction and object repair, rather than designing and refining models, 

is a very common and persistent alternative conception across various social contexts. 

Meanwhile, technology is defined by Rau & Antink-Meyer (2020) as any modifications of the natural 

world made to meet human needs or desires, and encompass products, processes, and systems created by 

humans. In this way, computers, electronic devices, medical practices, atomic bombs and the like are 

technologies, as are language, planting techniques, or even just a hammer. Waight et al. (2022) caution that 

understanding technology as merely applied science constitutes a gross oversimplification, since many 

technologies are not directly informed by scientific knowledge; nevertheless, given the relationship between 

science, engineering, and technology, the latter is commonly understood to consist of products derived from the 

former two. At the same time, the relationship also operates in the opposite direction: technological innovations 

that extend our senses and capabilities (like the microscope) have played a fundamental role in expanding the 

horizons of science and engineering. 

For in-depth insights into aspects of NOT, we recommend Waight et al. (2022) and Waight & Abd-El-

Khalick (2012). In this paper, we have limited ourselves to three aspects we consider particularly relevant to 

our understanding of technologies in terms of how they relate to society and the environment, in line with the 

scope of this study: 

• Non-neutrality: like science, technologies are neither objective nor neutral. They are cultural artifacts 

imbued with values that both impact and are impacted by their developers, users, and the 

environment. Technological changes, whether large or small, often lead to a restructuring of power 

relations, redistribution of wealth and income, and transformations in human relationships. 

• Notion of progress: technological development is not necessarily synonymous with human and/or 

environmental progress. Improvements in one dimension are often accompanied by less desirable 

developments in others. Although technologies solve problems, they also create new problems which 

may be even more difficult to address, such as the intensification of social inequality or climate 

change. 

• Inequality: with technologies it is necessary to consider who benefits and who suffers, which 

opportunities increase and which decrease. Access to technology is unequal in our society, and 

conscious and unconscious biases are found in their conception, design, implementation, and use. 
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PART 3: A NEW PROPOSAL FOR ANALYSIS 

Reformulation of the analytical models 

The theoretical-methodological framework we propose is based on a reformulation of the analytical 

models developed by Nieto (2014), expanding them to include the aspects of NOS presented in Tables 5 and 6, 

in addition to the considerations on engineering and technologies discussed in Part 2. They were also 

theoretically reoriented to incorporate NOS as a central component. The reformulated models are presented in 

Figures 4 and 5. In the model for analysis of the scientist character (Figure 4), we maintained the original 

structure proposed by Nieto but added questions related to the credibility of scientists and who is considered fit 

for this profession in our society. We also emphasized the psychological and subjective characteristics of the 

character, observing whether they vary according to scientist’s activities (in activities related to scientific work 

versus rest and leisure activities, for example). 

 

Figure 4 – Revised model for analyzing the scientist character. 
Note. Prepared by the authors based on Nieto (2014), with our additions highlighted in yellow. 

In the model for analyzing science based on the context surrounding the scientist character (Figure 5), we 

proceed with support from the previous plot analysis for the episodes and the series, while also considering the 

character as a starting point for understanding the images of science portrayed but not as the limit of the 

investigation. But in order to make the model more intuitive and provide greater analytical focus on 

representations of science, we now consider not the character but science itself as a fictional entity, since these 

representations entail a portrayal of science and scientific activity constructed for fiction. In this case, the four 

dimensions of analysis are understood as: 

Descriptive dimensions 

1. Science as a fictional entity: examine the characteristics of science in that fictional universe. 

2. Science as an audiovisual artifact: examine how audiovisual and narrative elements are used to 

construct the fictional science portrayed. 
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Interpretive dimensions 

3. Science as a symbol: attempt to understand what associations the portrayed science evokes beyond 

what is explicit. 

4. Science portrayed as a symptom of the society in which it emerges: attempt to understand fictional 

science in relation to the social and cultural conditions in which it was produced and circulates. 

 

Figure 5 – Revised model for analyzing portrayed science, based on the context surrounding the scientist 

character.  
Note. Prepared by the authors based on Nieto (2014), with our additions highlighted in yellow. 
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We add to the descriptive dimensions questions focused on the institutional and collective organization 

of science, the elements that comprise scientific research, the provisional nature of science, scientific 

communication, and the relation between science and other types of knowledge. In the interpretive dimensions, 

questions are included about the implicit messages conveyed by the series regarding the validity of scientific 

knowledge, credibility of scientists, limits of science, and overlaps with engineering. We also attempt to support 

comparisons between the fictional science represented in the work, images of science present in the popular 

imagination, and those described by NOS.  

The practical analytical procedure based on this new methodology follows the same guidelines presented 

in Part 1 of this text; the only difference is that the material encoding and narrative text development processes 

are based on the issues present in the new analytical models, presented in this section. 

Analytical gains, limitations, and possibility of adaptation 

As mentioned previously, the analytical models originally proposed by Nieto (2014) were not conceived 

in response to demands from the field of science education. Above all, their frameworks prioritize discussion 

of stereotypes of scientists in fictional media, emphasizing images of scientists and their professional practices. 

They consequently dedicate little consideration to the nature of scientific knowledge itself, communication of 

this knowledge, and the social dimensions involved in its production and circulation — aspects which are dear 

to science education and NOS. By complementing Nieto’s frameworks and expanding her analytical models, 

we attempt to incorporate explicit guidelines for investigating how these elements are portrayed, promoting a 

more comprehensive reading of the representations of science and scientists present in animated series. 

Additionally, the interpretive dimensions in the original models directed the analysis toward interrelations 

with only frameworks on representations of science and scientists in mass media. We introduced in the 

reformulated models explicit interrelations with NOS and studies that address student images/perceptions of the 

issues under study, directing analysis toward the dialogue between these different analytical perspectives. 

Questions D4 and H4 were adapted from the original model and theoretically reoriented to permit comparison 

of results with aspects of the nature of science which are systematized in Tables 5 and 6. These modifications 

align the models with a science education perspective that is interested in understanding how representations in 

animated series dialogue with the essential characteristics of science and scientists described by NOS. 

The theoretical-methodological framework proposed here consequently integrates two characteristics that 

have not appeared together in the literature on representations of science and scientists in animated series, as 

mentioned in the introduction to this article and in Nakamura & Figueirôa (2026). First, it considers the specific 

characteristics of serialized audiovisual content, including multiple codes, organization into episodes, and 

narrative development, in turn allowing analysis of complex, dynamic, and sometimes ambiguous characters 

built through audiovisual means. Second, it combines frameworks from NOS, from studies on stereotypes of 

scientists in fictional media, and from public perceptions of science, integrating approaches commonly used in 

the areas of science education and communication for studies of this type. This enables in-depth analyses of 

both images of science and images of scientists, without neglecting the purposes of this research from the 

perspective of science education. 

This analytical framework is also accessible, with didactically described steps and without excessively 

complex concepts but no loss of theoretical foundation or analytical robustness. This configuration encourages 

use by early-career researchers who, according to an empirical survey we conducted (Nakamura & Figueirôa, 

2026), are the group most likely to conduct research on representations of science and scientists in animated 

series within the scope of science education. It simultaneously contributes to the production of results that can 

be understood by lay audiences, fostering dissemination of the knowledge produced and effective appropriation 

in the school context. 

We do recognize a limitation of our analytical models, inherited from the methodological design 

originally proposed by Nieto (2014) as this author notes: a wide-ranging study on the representations of science 

and scientists should not be restricted to just the images conveyed and their possible academic interpretations. 
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Ideally, the way these representations are received and appropriated by the audience should also be considered, 

since viewers may construct their own (occasionally unforeseen) interpretations. Incorporating frameworks 

related to public perceptions of science and scientists into the analytical models partially offsets this limitation, 

but does not eliminate it. Furthermore, although we consider information about authors, producers, and others 

responsible for the animated series in the formulation of interpretive hypotheses, our model does not delve into 

the conditions under which they were produced. A more systematic study of these processes, considering 

sociocultural and historical contexts, could provide additional insights into the representations analyzed, 

broadening the interpretive scope of the findings and providing new possibilities for research. 

Unfortunately, we were not able to include a practical example showing application of our proposed 

methodology in this text. However, an analysis based on the theoretical-methodological framework that 

illustrates its empirical application is in progress and will be published soon. 

Finally, it is important to note the potential for expanding and adapting our theoretical-methodological 

framework. While it was constructed specifically to analyze science and scientist characters in animated series 

consumed by school-aged children and young people, considering methodological processes and theoretical 

frameworks suitable this media format and consumer audience, we believe that only small adjustments are 

necessary for potential adaptations to analyze science and scientists in films (animated or otherwise) or even 

digital games, as long as the content is fictional (since the frameworks involving stereotypes of scientists only 

cover fictional representations). Of course, considering a different consumer audience would also require 

changes to the frameworks that explain how the target audience perceives science and scientists. But with these 

small modifications, the framework we propose can not only obtain robust and well-grounded insights into how 

animated series affect students’ pre-existing ideas about NOS, but also show how fictional media in general 

does the same for broader audiences. 

FINAL CONSIDERATIONS 

We consider it fundamental to understand representations of science and scientists in animated series, 

given the impact of these audiovisual productions on the formation and perpetuation of students’ pre-existing 

ideas related to the nature of science (NOS). Yet the literature shows inherent difficulties in analyzing these 

representations due to the lack of a well-established theoretical framework and methodology that considers the 

specific characteristics of serialized audiovisual material as well as a NOS perspective, as noted elsewhere 

(Nakamura & Figueirôa, 2026). While the dissertation by Nieto (2014) is an important contribution in this 

direction and notable for its rigor, detail, and methodological quality, it is not widely cited in the academic 

literature and its focus is more on typifying scientist stereotypes rather than establishing interrelations with 

NOS. 

For this reason, in response to our research question (How can representations of science and scientists 

in animated series be analyzed in order to understand how the nature of science is portrayed in these 

contexts?) we constructed an analytical proposal that adapted and expanded Nieto’s research methodology, 

theoretically reconfiguring it by incorporating current and comprehensive NOS frameworks into the analysis 

along with considerations about distinctions between science, engineering, and technology, dimensions that 

often overlap in audiovisual representations. With this reformulation, we seek to contribute to the construction 

of a detailed, specific, well-grounded, and robust theoretical-methodological framework for analyzing 

representations of science and scientists in animated series within the scope of science education. 

Finally, it is important to reinforce the purpose this type of analysis. Because fiction is based on 

imagination and fantasy, we neither expect nor demand that animated series contain “realistic” images of science 

or scientists; they will naturally deviate from reality with stylized or exaggerated views of the scientific world 

consistent with the narrative universes where they appear (Nieto, 2014). From a science education perspective, 

the essential point is to explore the extent to which these images deviate from or are consistent with the 

descriptions established by the history, philosophy, and sociology of science so they can be explicitly addressed 

in the classroom teaching and learning processes focused on NOS (since these animated series are already 

known to and consumed by students). In this way, considering the socio-scientific issues involved in everyday 
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life, we hope that students will be able to construct viewpoints and make decisions that are based on the 

characteristics of science as described by NOS, identifying elements in fiction that are consisted with or deviate 

from these descriptions. 
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