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Recent studies in neuroeducation highlight the benefits of teaching children

about how the brain works. However, very little is known about children’s

naive conceptions about the brain. The current study examined these

representations, by asking 6–10 year-old children (N= 257) and adults (N = 38)

to draw a brain and the inside of a belly as a control drawing. The drawings

were scored using a content analysis and a list of graphic indicators was

derived. First, all the graphic indicators used in the brain drawingswere di�erent

from those used in the belly drawings, suggesting that children are able to

distinguish these two organs. Second, with age, children depict (i) an increasing

number of indicators, (ii) more complex indicators, (iii) indicators that are more

anatomically correct, to depict the brain. There is an important evolution

between 6 and 8 years-old but also between 10 years-old and adults. These

results are discussed in relation to children’s metacognitive knowledge and to

their implications for neuroeducation.
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Introduction

What knowledge do children have about the brain as a “black box”? This question is

of major interest, particularly with regard to the significance of metacognitive knowledge

in school learning. Metacognitive knowledge corresponds to knowledge that a person

has of their own cognitive processes and the factors that influence them (Flavell, 1979).

Accordingly, having an accurate conception of the brain involves general knowledge

about the mental functioning and could promote learning. Like Jolles and Jolles (2021)

we defend the idea that it is essential to have knowledge about the brain (structure,

function, development) in the same way that it is essential to have knowledge about

other organs of the body. The contribution of knowledge we have today on the brain for

the improvement of academic learning is no longer to be demonstrated. The American
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Psychological Association has edited 20 principles from

psychological science about effective teaching and learning in

preK-12 classrooms, which are for a part of them based on

neuroscience literature (American Psychological Association,

2015). This was also supported by the Society for Neuroscience

formulating eight essential principles of neuroscience that

one should know about the brain and nervous system with

educational application from kindergarten to 12th grade

(Society for Neuroscience, 2008). The first of these principles is

to know the structure and the shape of the brain. The purpose of

this study is to interrogate this knowledge through the drawing

of the brain. The results obtained could lead to promoting

the use of this drawing in class to access the knowledge that

students have on the “black box” and thus promote teaching

on the role of the brain in school learning. This is in the

vein of neuroeducation, an interdisciplinary field of research

whose objective is to apply knowledge of brain functioning

to classroom practices (Thomas et al., 2019). It has been in

full swing for over a decade (Gola et al., 2022), nevertheless,

it is surprising how few studies have been conducted on

children’s developing knowledge about the brain. It seems clear

that there is a need to consider children’s naive conceptions

of the brain particularly in the construction of brain-based

educational programs.

The notion of “naive conceptions” corresponds to a way

of seeing the world naively or instinctively. As opposed to a

scientific conception, it results from intuitive knowledge leading

to an understanding of natural phenomena (Vosniadou and

Brewer, 1992). Johnson and Wellman (1982) conducted the

first study that explored naive conceptions on the relation

between mind and brain. Children between the age of 6 and

15 were asked whether various cognitive functions could be

possible first without mind and then without brain, or vice versa.

With age, children increasingly involve the brain in sensory-

motor functions in addition to mental functions. In contrast

the mind was dedicated to mental functions. Concerning the

mind and brain ontology, although the youngest children did

not differentiate between the functions of the mind and the

brain, they thought that they were separate in the head. With

age, children increasingly believed that the mind depended on

the brain. Marshall and Comalli (2012) replicated these results

with the same design protocol 30 years later.

Rossi et al. (2015) assessed 8-year-old children’s naive

mind-brain conceptions, using the Mind-Brain Questionnaire.

Children were randomly assigned to one condition: MRI (in

which children first participated in a Magnetic Resonance

Imaging protocol; Houdé et al., 2011) or control (with no

MRI protocol). Children were then presented with a character,

placed in different cognitive activities and they had to indicate

what the character needed to perform each activity using

response cards. This study revealed an educational effect of

participation in a MRI protocol on children’s naive mind-

brain conceptions. Children in the MRI condition seemed to

have a better understanding of the relation between mind and

brain particularly for dreaming and imagining by materializing

the mind into the brain, compared to children in the control

condition. Nevertheless, this relation was less clear for seeing,

talking, reading, and counting, with no differences between the

two conditions. This study emphasizes 8-year-old children’s lack

of knowledge about the brain and stresses the need to further

examine this line of research.

This set of studies could also be linked to what we know

about children’s thinking abilities through the theory of mind

(ToM). The core of this theory, first introduced in 1978 by

Premack and Woodruff, relies on the ability to infer mental

states of self and others, with many empirical studies showing

a progressive shift in children’s ability to attribute to others

a state of knowledge about a given situation different from

their own. As pointed out by Beaudoin et al. (2020), this

well-known theory is of interest for many disciplines (e.g.,

developmental, educational, neuro- and social psychology, social

neuroscience). If ToM development during early childhood

has highly documented consequences on children’s social

understanding and social functioning (e.g., Hughes, 2011), its

development also has strong intrinsic implications to children’s

cognitive growth and school readiness (Astington and Pelletier,

2005; Blair and Razza, 2007). According toWang and Liu (2015),

children’s mental state understanding is critical to the successful

transition to formal schooling, making an integral relation

between children’s ToM development and their teaching and

learning concepts. In line with these studies, it seems relevant

to introduce the idea that the way children represent the brain

is not unrelated to the way they represent what they know,

what they do not know, what others know and what others do

not know (e.g., Battistelli and Farneti, 2015). Therefore, in line

with the works carried out in neuroeducation that sustain the

interest for children to be familiar with the functioning of their

brain in order to better grasp learning situations, children’s brain

conception may be sensitive to ToM development.

Previous studies focus on children’s developing

conceptualization of brain functions and functioning, but

do not address how children portray the brain (i.e., its shape,

structure, content, etc.). This issue seems rather complicated to

address through verbal methods with children. A body of recent

work suggests the use of drawing as an indirect and non-verbal

investigation method for this kind of purpose. Indeed, drawing

can be reliably used to help children disclose their thoughts on

topics that are abstract, not immediately salient in their lives or

difficult to talk about (e.g., Ainsworth et al., 2011; Brechet, 2015;

Mouratidi et al., 2016). For instance, drawing has been reliably

used to examine children’s representations of topics such as

illness and health (Piko and Bak, 2006; Mouratidi et al., 2016;

Bonoti et al., 2019), love (Brechet, 2015), robots (Secim et al.,

2021), science (Samaras et al., 2012), death (Bonoti et al., 2013),

coronavirus (Bonoti et al., 2022), bullying (Andreou and Bonoti,

2010) and loneliness (Misailidi et al., 2012).
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Children’s ability to depict the aforementioned topics has

been associated with their understanding of the depicted themes

but also with their representational drawing skills. When

children begin to draw, they first produce traces that are difficult

for others to interpret, and then they gradually succeed in

producing drawings that are described as “representational” (i.e.,

depicting elements of reality). Studies on the development of

children’s representational drawings show a clear age-related

improvement between about 3 and 11 years of age (Cox, 2005;

Jolley, 2010). Among these representational drawings, the first

to appear in children’s repertoire is the human figure drawing,

which evolves and changes from the age of 3 to about 11.

As they become more differentiated in their drawings of the

human figure, children also develop graphic models for other

themes. Around the age of 5, graphic models for themes such

as a house or a tree appear in children’s spontaneous drawings.

From these early representational drawings, children progress

to increasingly visually realistic representations of figures and

scenes. Although there are several theoretical approaches in this

area, authors generally agree that children’s drawing activity is

driven by the desire to make realistic representations of the

world around them (Luquet, 2001;Willats, 2005). However, after

the age of 11, children gradually lose interest in drawing. They

begin to consider this as a childish activity (Cox, 2005). As a

consequence, many children stop drawing between the age of

10 and 12 and most adults produce drawings similar to those

of 12-year-olds (Jolley, 2010).

As a matter of fact, many studies have used drawing to

examine how children conceive the human body, by asking

them to draw what they think is “inside their bodies” or

“inside themselves” (Steward et al., 1982; Eiser and Patterson,

1983; Glaun and Rosenthal, 1987; Reiss and Tunnicliffe, 2001;

Reiss et al., 2002; Bartoszeck et al., 2008, 2011; Stears and

Dempster, 2017; Andersson et al., 2020). In these studies, the

authors examine which body parts and organs are represented

by children aged between 4 and 13. This body of research

provides information on the proportion of children representing

the brain in their drawings (compared to other organs and

body parts) by age. The number of drawings depicting a brain

increases gradually between the ages of 4 and 7, and from the

age of 8, the brain is drawn by at least 80% of children. The

brain is consistently drawn after the heart, bones and blood and

some studies also show that children draw the brain and belly

at about the same age. Although these are valuable data, these

studies only report on whether or not children draw the brain

but do not provide information about how the brain is depicted

when children draw it.

To our knowledge, only two studies have addressed this

issue, using the exact same procedure and coding process

(Bartoszeck and Bartoszeck, 2012; Jeronen et al., 2016).

Precisely, in the most recent study conducted by Jeronen et al.

(2016), one classification is used to reveal the conceptions of

the brain depicted by Finnish and Brazilian children. This

classification comes from the categorization established by

Bartoszeck and Bartoszeck (2012) on Brazilian children. In

both studies, children aged from 4 to 10 were asked to

draw “what they think they have inside their head,” using a

pencil. An outline of the head and a portion of the neck

were drawn on the blackboard of the classroom to serve as

a model. The collected drawings were scored according to

the model they related to and classified into one of the 7

following categories: mental image model (i.e., the brain is

depicted through mental images), hydraulic model (i.e., the

brain is depicted by lines as the flow of a small brook), dog

bone model (i.e., the brain is depicted as dog bones all over

the skull), enteroid/enteric model (i.e., the brain is depicted

by tubes or thick threads similar to the intestine on the top

of the skull), epithelial model (i.e., the brain is depicted as

patches similar to the epithelial tissues), callote/skullcap model

(i.e., the brain is depicted by a callote on the top of the

skull) and neuroanatomical model (i.e., the brain is depicted

by right and left hemispheres). The results based on these

categories indicate that younger children’s drawings mostly

correspond to the mental image model. As they get older,

children start to develop a more morphological representation

of the brain. However, the neuroanatomical model is still rarely

depicted by 10 years-old children. If these two studies sustain

the idea that using a drawing task is a promising method to

explore children’s conception of the brain, their contribution

is mainly qualitative. Indeed, in both studies, the data analysis

is only descriptive, with no statistical analysis. Moreover, some

drawings are provided as examples to illustrate and support the

categorization established, but there is no scoring of the exact

content of the drawings. Namely, the specific graphic indicators

used by children to depict the brain can only be partly inferred

from the description of the models and from the examples of

drawings provided.

In the present study, 6–10 year-old children and adults were

asked to “draw a brain.” Contrary to the two studies previously

mentioned (Bartoszeck and Bartoszeck, 2012; Jeronen et al.,

2016), we chose not to give the outline of the head, so as

to leave the children free to draw the shape of their choice

and to allow us to analyze the shape of the brains drawn

too. We chose to start examining children from the age of

6, in order to make sure that they were old enough to both

understand the instructions relative to the brain drawing and

have the representational graphic skill to depict their ideas

(Jolley, 2010). We also chose to limit our research to 10-year olds

because previous research suggests that they havemore elaborate

representations about the brain (Bartoszeck and Bartoszeck,

2012) and because this is the age limit beyond which children

tend to stop drawing (Jolley, 2010). Within this age range, we

expanded our sample with a group of 8-year-olds, to be able

to grasp any change occurring between 6 and 10 years. Also,

as previous studies indicated that among older children, only a

few of them depicted a brain which was anatomically correct,
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we decided to complete the sample with a group of adults.

Because this was an exploratory study, we could not formulate

hypotheses based on the existing literature. However, this study

was designed to answer specific research questions. First, how

does the depiction of the brain evolve with age? More precisely,

whereas previous studies only rated the drawings according to

the global model they related to, we chose to use a detailed

content analysis to identify what shape and which graphic

cues were used to represent the brain and how its graphic

representation changed with age. Second, whereas previous

studies only asked children to draw a brain, we chose to add a

control drawing: children were also asked to produce a drawing

representing another part of the body (namely, the inside of a

belly), to be compared with the brain drawing. Through this

control drawing, we aimed to answer the following question:

is the content of brain drawings specific to the brain or can

we find similar features in the drawings of another part of the

body? Third, as previous research using drawing to examine

children’s representation of other topics indicated that their

drawings reflected their understanding of the depicted themes

but also their graphic skills, the whole sample was asked to

make two additional drawings, in order to derive an individual

measure of graphic level. This was used to answer the following

question: does the content of the brain (and control) drawings

depend on the participant’s graphic level? And fourth, as a

complement to the drawings, we also asked children for verbal

responses to answer the following question: what do children

(and adults) know about the location and functions of the

brain, depending on their age, and what are the sources of

their knowledge?

Method

Participants

There were 295 participants: 257 children aged 6–10 and

a group of adults. Children were recruited from elementary

schools in the South of France. They were of average

socioeconomic background and in their normal school year.

Parental written consent was obtained and children were tested

in accordance with national and international norms that govern

the use of human research participants. Children were divided

in three age groups: 6-year-olds (N = 76; M = 6 years 2

months; SD = 8 months; 36 girls), 8-year-olds (N = 91; M =

8 years 1 month; SD = 9 months; 44 girls) and 10-year-olds

(N= 90; M = 10 years 3 months; SD = 7 months; 48 girls).

The adult group was composed of 38 participants aged 18–45

(M = 25 years 2 months; SD = 8 years; 21 females). They were

university students in arts, humanities or social sciences. They

were recruited on campus and voluntarily took part in the study.

Materials

The materials used for the drawing tasks were white blank

A4 paper, an HB pencil, a set of six colored pencils (red, pink,

yellow, blue, green, beige), an eraser and a wooden mannequin

of a man.

Procedure

The study was conducted individually in a quiet room in the

school and lasted an average of 35min per participant. First, they

were asked to draw a brain and a belly, in a counterbalanced

order. For the brain drawing participants were first asked “Do

you know where the brain is?” The experimenter noted the

answer. If the participant did not know or if the answer was

incorrect the experimenter explained “it is an organ that we

have in the body, like the heart, but the heart is in here

(the experimenter pointed to the location of the heart on her

chest) whereas the brain is in the head, here (the experimenter

pointed to her head and tapped lightly on her skull).” Then,

each participant was instructed to draw a brain: “Here is a

blank sheet of paper, a gray pencil and some colored pencils. I

would like you to draw a brain.” After the brain drawing, the

experimenter asked the participants two additional questions:

“What is the brain for?” and “How did you know how to draw

it?” The experimenter noted the participants’ responses to these

questions. For the belly drawing, each participant was asked

“Here is a blank sheet of paper, a gray pencil and some colored

pencils. I would like you to draw what is inside a belly.” In

this study, the belly drawing was designed as a control drawing

to be compared with the brain drawing, in order to ensure

that children were indeed depicting organ-specific details and

not just some random body parts. Our main objective was

to assess the representation that the participants have of the

brain, thus of one of the organs that exist inside the skull.

The choice of the control drawing was conditioned in order to

place the participants in a similar condition, i.e., to assess the

representation of what exists inside another part of the body.

From our point of view, the belly is just as easily identifiable by

the participants as the skull, especially for the youngest ones (6

years old). Note that there was no time limit so that the children

were free to elaborate the content of their drawings.

Then, participants were asked to produce two additional

drawings in order to assess their level of graphic development.

They were asked to draw a man running (from a wooden

mannequin model) and a house from memory, in

counterbalanced order. In the running man drawing task,

participants were presented with a model at a distance of about

30 cm and oriented in a profile view with the man running to

the right. The participants were encouraged to look carefully at

the wooden man and to draw exactly what they saw (but not the
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base or the pole) including the direction the man was running.

In the house drawing task participants were asked to draw a

house and to make it look as real and as life-like as they could.

Coding of the drawings

Content analysis was performed to derive the number and

types of graphic indicators used to depict the brain and the belly

drawings. As our study was the first to examine this question

by analyzing the content of the drawings, we did not have

access to an existing rating system. We therefore conducted a

posteriori analysis, based on the drawings collected, following

the basic principles of content analysis (Krippendorf, 1980;

Weber, 1990). This scoring process enables to generate a rating

system that closely reflects the content of the drawings. It has

been extensively used to examine how children depict various

kinds of concepts or ideas (e.g., love, coronavirus, health/illness,

etc.) through their drawings (e.g., Brechet, 2015; Bonoti et al.,

2019, 2022). Based on this method two raters were first asked

to independently identify each and every graphic item relative

to the brain or the belly in the drawings. The two raters then

compared the items they identified and agreed on a final list.

Finally, they discussed the items in the list and generated graphic

indicators from it (Figure 1).

The following graphic indicators were generated: furrows,

brain stem, hemispheres, lobes for the brain and digestive organs,

other organs, bones/blood, water/food for the belly. Figure 1

presents examples of drawings illustrating each indicator.

Subsequently, the raters were asked to independently review

and rate each drawing for the presence of any of the four

indicators, assigning a single point to each type of graphic

indicator included in the drawing. The judges were also given

the possibility to categorize drawings as containing no indicator

at all. The inter-judge agreements were high (96% for brain

drawings and 98% for belly drawings, kappa coefficient = 0.9

for both) and the judges resolved the few cases of disagreement

through discussion. Finally, the number of graphic indicators

was recorded for each drawing.

The brain drawings were also scored regarding the shape

of the depicted brain. To do so, the same two judges were

asked to independently identify the different kinds of shapes

used to depict the brain. The two raters then agreed on a

final list and discussed the exact definition of each shape.

The following four kinds of shapes were identified: round/oval,

calotte, encephalic and other. Figure 2 presents examples of brain

drawings illustrating each kind of shape. Subsequently, the raters

were asked to independently review and rate each brain drawing

regarding the depicted shape. The inter-judge agreement was

high (90%, kappa coefficient = 0.8) and the judges resolved the

few cases of disagreement through discussion.

Following the example of Brechet and Jolley (2014) and

Rose et al. (2012), the house drawings and the running man

drawings were rated using a revised version of the corresponding

scales (respectively, Barrouillet et al., 1994 and Cox et al., 1998).

Accordingly, the house drawings were rated on a 13-point

scale including the following items: outline of house, roof,

roof shape, door, door handle, base of the house, two or

more windows, position of windows, proportion of windows,

curtains, extraneous items and perspective. The running man

drawings were rated on a 23-point scale (with points awarded

for direction, overlap, partial occlusion, proportion, detail,

recognizability of a person, presence of head, torso, arms, hands,

legs and feet, and whether these were depicted as a line or as

a zone). Two independent judges performed this scoring and

reached an inter-rater agreement of 91% for the house drawings

and 93% for the running man drawings (kappa coefficient =

0.8 for both). The cases of disagreement were then discussed

and resolved between the two judges. For each participant, the

scores on the two drawings were computed as a percentage of

the maximum score on each scale. These percentages were then

recalculated as scores out of 20 (a number chosen because it was

in between the maximum scores of the two scales). Finally, we

averaged these two scores to obtain a composite score of graphic

development (0–20) for each participant.

Coding of the verbal responses

As stated above, participants were asked three questions

about the brain: one question before they drew, about the

location of the brain (“Do you know where the brain is?”)

and two questions after they drew, about the function(s) of the

brain (“What is the brain for?”) and about the source(s) of their

knowledge about the brain (“How did you know how to draw

it?”). Their responses to these three questions were coded by

two adult judges, using the same procedure as for the coding

of the drawings. From the participants’ answers, the judges had

to classify them thematically, so as to extract the main themes.

For the location question, three categories were extracted from

the participants’ answers: head, skull and I don’t know. For

the function question, six categories were identified: thoughts,

intelligence, control, sensory-motricity, life, I don’t know. For

the source question, five categories were extracted from the

answers: school, books, television, family, and I don’t know/I just

know it. Note that the answers to the location question were

mutually exclusive: each participant gave only one answer out

of the three listed. In contrast, the answers to the function and

source questions were not mutually exclusive, as the participants

often gave responses relative to more than one category. For

example, the following answer to the function question “the

brain helps to think, to become smart, it is also used to move and

smell, it controls everything that goes on in the body, without

it we cannot live” would correspond to the following categories

thoughts, intelligence, sensory-motricity, control and life. The

judges were then asked to independently review and rate each
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FIGURE 1

Examples of drawings for each type of graphic indicator relative to the brain and to the belly drawings.

answer on the basis of the identified categories. The inter-judge

agreement was very high (99%) and the judges resolved the few

cases of disagreement through discussion.

Analysis plan

The present study was designed to answer four

research questions:

- Q1: How does the depiction of the brain evolve with age?

- Q2: Is the content of brain drawings specific to the brain or

can we find similar features in the drawings of another part

of the body?

- Q3: Does the content of the brain (and control) drawings

depend on the participant’s graphic level?

- Q4: What do children (and adults) know about the location

and functions of the brain, depending on their age, and

what are the sources of their knowledge?

To answer these questions, we examined the number of

graphic indicators (in the brain and belly drawings), then the

types of graphic indicators (in the brain and belly drawings), the

shape of the brain, and finally the responses to verbal questions,

as a function of age. First, we carried out a repeated measure

analysis of variance (RMANOVA) on the number of indicators

(0–4) with Drawing type (Brain, Belly) as a within-participants

factor, with Age (6, 8, 10 years-old, adults) as a between-

participants factor and with the Level of graphic development as

a covariate (Q1, Q2, and Q3). Second, we compared the number

of drawings depicting each indicator between each age group

using Chi-square analyses for the brain and the belly drawings

(Q1 and Q2). For each significant difference we found between

age groups, we then decomposed the analysis by examining

whether this difference was found for both low and high graphic

level subgroups or was specific to one of the subgroups (Q3).

And we then repeated the same analysis for the shape of the

brain (Q1 and Q3). Finally, we used Chi-square analyses to

compare verbal responses relative to the location, the function

of the brain and to the source of knowledge, between age

groups (Q4).

Results

Number of graphic indicators in the brain
and in the belly drawings

Figure 3 presents the mean number of graphic indicators as

a function of drawing type and age. We conducted a repeated
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FIGURE 2

Examples of brain drawings depicting each kind of shape.

measure analysis of variance (RMANOVA) on the number of

indicators (0-4), with Drawing type (Brain, Belly) as a within-

participants factor, with Age (6, 8, 10 years-old, adults) as

a between-participants factor, and with the Level of graphic

development as a covariate. The results revealed a significant

effect of Age [F(3,290) = 6.30, p = 0.001, η
2p = 0.061] and

Level of graphic development [F(1,290) = 7.81, p = 0.006, η2p

= 0.03]. We also found a significant effect of interaction between

the Drawing type and the Age [F(3,290) = 7.42, p= 0.001,

η
2p = 0.07]. Post-hoc comparisons Turkey test revealed a

significant increase in the number of graphic indicators for the

brain between the age of 6 and 8 (Mdiff= −0.35, t = −3.44;

pbonferroni = 0.01) and between the age of 10 and adulthood

(Mdiff= −0.60, t= −4.71; pbonferroni= 0.001). No significant

difference was revealed for the number of graphic indicators for

the belly. Moreover, children produced significantly less graphic

indicators for the brain than for the belly at 6 years old (Mdiff

= −0.61, t = −5.32; pbonferroni = 0.001) and at 8 years old

(Mdiff= −0.47, t = −4.78; pbonferroni= 0.001).

Types of graphic indicators in the brain
and in the belly drawings

To determine whether participants produced different

graphic indicators according to their age we compared the

number of drawings depicting each indicator between each

age group using Chi-square analyses. We used a Bonferroni

correction for multiple comparisons: we divided the standard

alpha level of 0.05 by 4 and thus used an adjusted alpha of 0.0125.

Considering the results of the previous analysis and to account

for the potential effect of graphic skills on these comparisons, the

sample was split on the median scores for graphic development

(Median = 13.98), resulting in two subgroups: low graphic level

(score < 13.98) vs. high graphic level (score ≥ 13.98). For each

FIGURE 3

Mean number of graphic indicators as a function of age and

drawing type.

significant difference we found between age groups, we thus

decomposed the analysis by examining whether this difference

was found for both graphic level subgroups or was specific to

one of the subgroups. We have used this categorical approach so

that we can present the data in detail by age and graphic level for

each indicator. Table 1 presents the number of brain drawings

depicting each type of graphic indicator as a function of age and

graphic level (low vs. high).

For the brain drawings, the analysis revealed a significant

increase in the depiction of furrows between 8 (61/91, 67%) and

10 (75/90, 83%) [χ2(1) = 6.44, p = 0.011]. When decomposing

this comparison for both graphic levels, we found a marginal

difference only for children with a high graphic level [χ2(1)

= 4.24, p = 0.039]. We also found a significant increase

between the age of 6 and 8 in the use of the indicator brain

stem (respectively, 3/76, 4% and 15/91, 16%) [χ2(1) = 6.77, p

= 0.009]. When running this comparison separately for both

graphic levels, we found a marginal difference only for children
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with a low graphic level [χ2(1)= 4.49, p= 0.034]. The depiction

of hemispheres significantly increased between 10-year-olds

(7/90, 8%) and adults (21/38, 55%) [χ2(1) = 35.25, p= 0.001],

with a significant difference for low level [χ2(1) = 14.93, p =

0.001] and high level [χ2(1) = 22.11, p = 0.001] subgroups.

Finally, the number of drawings with no indicator significantly

decreased between 6 (33/76, 43%) and 8 (20/91, 22%) [χ2(1) =

8.79, p= 0.003].When running separate analyses, this difference

was significant for children with a low graphic level only [χ2(1)

= 9.61, p= 0.002]. We found no significant age difference in the

depiction of lobes.

Table 2 presents the number of belly drawings depicting

each type of graphic indicator as a function of age and graphic

level. For the belly drawings, the analysis revealed a significant

increase in the depiction of digestive organs between 6 (41/76,

54%) and 8 (73/91, 80%) [χ2(1) = 13.19, p = 0.001]. When

running this comparison separately for both graphic levels,

we found a significant difference only for children with a

low graphic level [χ2(1) = 14.58, p = 0.001]. There was

no significant difference with age in the depiction of other

organs, bones/blood, water/food and in the number of drawings

depicting no indicator.

To sum up, for the brain drawings, we found a significant

increase with age in the depiction of furrows, brain stem and

hemispheres and a significant diminution of the number of

drawings with no indicator. For the belly drawings, there was

a significant increase in the depiction of digestive organs and

almost no drawing with no indicator. When considering the

participants’ graphic level for these comparisons, it appeared

that the differences we found between 6 and 8 were related to

children with a low graphic level, whereas the differences we

found between 8 and 10 and between 10 and adults mainly

applied to participants with a high graphic level. A closer look

at the indicators depicted at each age suggests that, for the brain

drawing, 6-year-olds are divided between those representing

furrows (43%) and those depicting no indicators at all (50%).

Then, 8- and 10-year-old children can depict furrows and some

of them begin to depict brain stem and/or lobes (but some can

still produce drawings with no indicators). Finally, adults no

longer depict no indicator and can portray furrows, brain stem,

lobes, but also hemispheres. To depict a belly, 6 and 8 years-old

children can use each of the four indicators: digestive organs,

other organs, bones/blood and water/food. At the age of 10,

the indicators are quite similar to those depicted by younger

children except for water/blood. Finally, adults tend to focus

their graphic representation of the belly on digestive organs and

some of them also depict other organs.

Shape of the brain

Table 3 presents the number (and percentage) of drawings

using each shape to depict the brain as a function of age

and graphic level (low vs. high). We compared the number of

drawings depicting each shape between each age group using

Chi-square analyses to determine whether participants depicted

the brain through different shapes according to their age. We

used a Bonferroni correction for multiple comparisons: we

divided the standard alpha level of 0.05 by 4 and thus used

an adjusted alpha of 0.0125. For each significant difference we

found between age groups, we then decomposed the analysis by

examining whether this difference was found for both graphic

level subgroups or was specific to one of the subgroups.

The analysis revealed a significant decrease of round/oval

shaped brains between 10-year-olds (58/90, 64%) and adults

(14/38, 37%) [χ2(1) = 8.27, p = 0.004]. When decomposing

this comparison for both graphic levels, we found a marginal

difference only for participants with a high graphic level [χ2(1)

= 4.55, p = 0.033]. In contrast, we found a significant increase

between the age of 6 and 10 in the depiction of the encephalic

shape (respectively, 1/76, 1% and 10/90, 11%) [χ2(1) = 6.39,

p= 0.011]. However, this difference was no longer significant

when the two graphic levels were considered separately. Adults

also drew a significantly higher number of encephalic shapes

(15/38, 39%) compared to 10-year-olds [χ2(1) = 13.68, p =

0.001], with a significant difference for participants with a low

graphic level [χ2(1) = 14.93, p = 0.001] and a difference that

almost reached significance for participants with a high graphic

level [χ2(1)= 5.89, p= 0.015].

Verbal responses

Regarding the location question, almost all participants were

able to indicate where the brain was located but there was a

difference in the words that were used according to age. We used

Chi-square analyses to compare responses between age groups.

We used a Bonferroni correction for multiple comparisons we

divided the standard alpha level of 0.05 by 2 and thus used

an adjusted alpha of 0.025. The analyses revealed a significant

decline in the use of the word head between 10-year-olds (68/90,

76%) and adults (17/38, 45%) [χ2(1) = 11.38, p = 0.001] and

also amarginal decrease in the response I don’t know between the

age of 6 (6/76, 8%) and 8 (1/91, 1%) [χ2(1)= 4.76, p= 0.029]. In

contrast, there was a significant increase in the use of the word

skull between 6 (6/76, 8%) and 10 (21/90, 23%) [χ2(1) = 7.21,

p = 0.007] and between 10 and adults (21/38, 55%) [χ2(1) =

12.36, p= 0.001].

For the function question, we first recorded the number

of functions cited by each participant. We conducted an

analysis of variance (ANOVA) with Age (6, 8, 10 years-old,

adults) as a between-participants factor on the number of

functions cited. The results revealed a significant effect of

Age, F(3,291) = 11.64, p = 0.001, η
2p = 0.11. A post-hoc

Tukey test showed that 8-year-olds (M = 1.21) cited a higher

number of functions than 6-year-olds (M = 1.64) (p = 0.018).
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TABLE 1 Number (and percentages) of brain drawings depicting each type of graphic indicator as a function of age and graphic level (L1 = low

graphic level and L2 = high graphic level).

Brain indicators

Age group Graphic level N Furrows Brain stem Hemispheres Lobes No indicator

6 yrs-old L1 61 26 (43%) 3 (5%) 2 (3%) 2 (3%) 30 (49%)

L2 15 12 (80%) 0 (0%) 0 (0%) 1 (7%) 3 (20%)

Tot 76 38 (50%) 3 (4%) 2 (3%) 3 (4%) 33 (43%)

8 yrs-old L1 59 38 (64%) 10 (17%) 2 (3%) 9 (15%) 13 (22%)

L2 32 23 (72%) 5 (16%) 3 (9%) 3 (9%) 7 (22%)

Tot 91 61 (67%) 15 (16%) 5 (5%) 12 (13%) 20 (22%)

10 yrs-old L1 28 20 (71%) 2 (7%) 0 (0%) 2 (7%) 5 (18%)

L2 62 55 (89%) 13 (21%) 7 (11%) 3 (5%) 4 (6%)

Tot 90 75 (83%) 15 (17%) 7 (8%) 5 (6%) 9 (10%)

Adults L1 4 4 (100%) 2 (50%) 2 (50%) 0 (0%) 0 (0%)

L2 34 29 (85%) 7 (21%) 19 (56%) 6 (18%) 0 (0%)

Tot 38 33 (87%) 9 (24%) 21 (55%) 6 (16%) 0 (0%)

Total L1 152 88 (58%) 17 (11%) 6 (4%) 13 (9%) 48 (32%)

L2 143 119 (83%) 25 (17%) 29 (20%) 13 (9%) 14 (10%)

Tot 295 207 (70%) 42 (14%) 35 (12%) 26 (9%) 62 (21%)

TABLE 2 Number (and percentage) of belly drawings depicting each type of graphic indicator as a function of age and graphic level (L1 = low

graphic level and L2 = high graphic level).

Belly indicators

Age group Graphic level N Digestive organs Other organs Bones/blood Water/food No indicator

6 yrs-old L1 61 28 (46%) 19 (31%) 13 (21%) 11 (18%) 9 (15%)

L2 15 13 (87%) 7 (47%) 4 (27%) 1 (7%) 0 (0%)

Tot 76 41 (54%) 26 (34%) 17 (22%) 12 (16%) 9 (12%)

8 yrs-old L1 59 47 (80%) 22 (37%) 14 (24%) 9 (15%) 6 (10%)

L2 32 26 (81%) 10 (31%) 5 (16%) 4 (13%) 2 (6%)

Tot 91 73 (80%) 32 (35%) 19 (21%) 13 (14%) 8 (9%)

10 yrs-old L1 28 23 (82%) 10 (36%) 3 (11%) 3 (11%) 1 (4%)

L2 62 60 (97%) 14 (23%) 9 (15%) 2 (3%) 0 (0%)

Tot 90 83 (92%) 24 (27%) 12 (13%) 5 (6%) 1 (1%)

Adults L1 4 4 (100%) 2 (50%) 1 (25%) 0 (0%) 0 (0%)

L2 34 34 (100%) 12 (35%) 0 (0%) 0 (0%) 0 (0%)

Tot 38 38 (100%) 14 (37%) 1 (3%) 0 (0%) 0 (0%)

Total L1 152 102 (67%) 53 (35%) 31 (20%) 23 (15%) 16 (11%)

L2 143 133 (93%) 43 (30%) 18 (13%) 7 (5%) 2 (1%)

Tot 295 235 (80%) 96 (33%) 49 (17%) 30 (10%) 18 (6%)

There was no significant difference between the age of 8 and

10 (M = 2.00) and between 10-year-olds and adults (M =

2.11). Then, to determine whether participants cited different

functions according to their age we compared the number of

answers corresponding to each function between each age group

using Chi-square analyses. We used a Bonferroni correction

for multiple comparisons: we divided the standard alpha level

of 0.05 by 5 and thus used an adjusted alpha of 0.01. Table 4

presents the number (and percentage) of answers corresponding

to each function according to age. The analyses revealed that

the number of participants responding I don’t know significantly

decreased between the age of 6 (17/76, 22%) and 8 (5/91,

5%) [χ2(1) = 10.31, p = 0.001]. The reference to thoughts

also decreased with age, between 10-year-olds (61/90, 68%)

Frontiers in Psychology 09 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.951784
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Brechet et al. 10.3389/fpsyg.2022.951784

TABLE 3 Number (and percentage) of drawings using each shape to depict the brain, as a function of age and graphic level (L1 = low graphic level

and L2 = high graphic level).

Brain shapes

Age group Graphic level N Round/ oval Calotte Encephalic Other

6 yrs-old L1 61 41 (67%) 6 (10%) 0 (0%) 14 (23%)

L2 15 9 (60%) 0 (0%) 1 (7%) 5 (33%)

Tot 76 50 (66%) 6 (8%) 1 (1%) 19 (25%)

8 yrs-old L1 59 42 (71%) 6 (10%) 2 (3%) 9 (15%)

L2 32 17 (53%) 7 (22%) 2 (6%) 6 (19%)

Tot 91 59 (65%) 13 (14%) 4 (4%) 15 (16%)

10 yrs-old L1 28 22 (79%) 5 (18%) 0 (0%) 1 (4%)

L2 62 36 (58%) 11 (18%) 10 (16%) 5 (8%)

Tot 90 58 (64%) 16 (18%) 10 (11%) 6 (7%)

Adults L1 4 2 (50%) 0 (0%) 2 (50%) 0 (0%)

L2 34 12 (35%) 3 (9%) 13 (38%) 6 (18%)

Tot 38 14 (37%) 3 (8%) 15 (39%) 6 (16%)

Total L1 152 107 (70%) 17 (11%) 4 (3%) 24 (16%)

L2 143 74 (52%) 21 (15%) 26 (18%) 22 (15%)

Tot 295 181 (61%) 38 (13%) 30 (10%) 46 (16%)

TABLE 4 Number (and percentage) of answers corresponding to each function according to age.

Functions of the brain

Age group N Thoughts Intelligence Control Sensory-motricity Life Don’t know

6 yrs-old 76 49 (64%) 28 (37%) 6 (8%) 5 (7%) 8 (11%) 17 (22%)

8 yrs-old 91 68 (75%) 49 (54%) 21 (23%) 19 (21%) 6 (7%) 5 (5%)

10 yrs-old 90 61 (68%) 39 (43%) 41 (46%) 28 (31%) 11 (12%) 2 (2%)

Adults 38 16 (42%) 12 (32%) 24 (63%) 16 (42%) 13 (34%) 3 (8%)

Total 295 194 (66%) 128 (43%) 92 (31%) 68 (23%) 38 (13%) 27 (9%)

and adults (16/38, 42%) [χ2(1) = 7.35, p = 0.007]. All the

other functions increased with age in the participants’ answers.

We found a marginal increase in the reference to intelligence

between 6 (28/76, 37%) and 8 (49/91, 54%) [χ2(1) = 4.82, p =

0.028]. For sensory-motricity, there was also an increase between

6 (5/76, 7%) and 8 (19/91, 21%) [χ2(1) = 6.88, p = 0.009]

and between 8-year-olds and adults (16/38, 42%) [χ2(1) =

6.11, p = 0.013]. Life was more often cited by adults (13/38,

34%) than by 10-year-olds (11/90, 12%) [χ2(1) = 8.48, p =

0.004]. And there was a difference between each age group

in the number of responses relative to control: a significant

increase between 6 (6/76, 8%) and 8 (21/91, 23%) [χ2(1)= 7.04,

p= 0.008] and between 8 and 10 (41/90, 46%) [χ2(1) = 10.15,

p= 0.001].

Regarding the question relative to the sources of participants’

knowledge, we compared the number of answers corresponding

to each source between each age group using Chi-square

analyses. We used a Bonferroni correction for multiple

comparisons: we divided the standard alpha level of 0.05 by

4 and thus used an adjusted alpha of 0.0125. Table 5 presents

the number (and percentage) of answers corresponding to

each source as a function of age. The analyses revealed that

the number of participants answering I don’t know or I just

know it decreased between the age of 6 (23/76, 30%) and 8

(15/91, 16%) [χ2(1) = 4.47, p = 0.034]. The reference to family

significantly decreased with age, between 10-year-olds (16/90,

18%) and adults (0/38, 0%) [χ2(1) = 7.72, p = 0.005]. In

contrast, the reference to books significantly increased between

6 (6/76, 8%) and 8 (23/91, 25%) [χ2(1) = 8.72, p = 0.003].

And for school, we found a significant increase between 8

(10/91, 11%) and 10 (28/90, 31%) [χ2(1) = 11.05, p = 0.001]

and between 10-year-olds and adults (27/38, 71%) [χ2(1) =

17.39, p = 0.001]. Finally, there was no age difference for the

source television.
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TABLE 5 Number (and percentage) of answers corresponding to each

source of knowledge as a function of age.

Sources of knowledge

Age

group

N School Books Television Family Don’t know

6 yrs-old 76 4 (5%) 6 (8%) 25 (33%) 19 (25%) 23 (30%)

8 yrs-old 91 10 (11%) 23 (25%) 31 (34%) 17 (19%) 15 (16%)

10 yrs-old 90 28 (31%) 33 (37%) 27 (30%) 16 (18%) 7 (8%)

Adults 38 27 (71%) 8 (21%) 9 (24%) 0 (0%) 3 (8%)

Total 295 69 (23%) 70 (24%) 92 (31%) 52 (18%) 48 (16%)

Discussion

How does the depiction of the brain
evolve with age?

The main goal of this study was to examine children’s

developing knowledge about the brain, using drawing as an

indirect and non-verbal investigation method. Contrary to

previous studies, which only rated the drawings according to the

model they related to Bartoszeck and Bartoszeck (2012), Jeronen

et al. (2016), we chose to conduct a detailed content analysis of

the brain drawings to identify what shape and which graphic

cues were used to represent the brain and how its graphic

representation changed with age. Our results indicate that, with

age, children depict (i) an increasing number of indicators,

(ii) more complex indicators, (iii) indicators and shapes that

are more anatomically correct, with important shifts between

6 and 8-year-olds but also between 10-year-olds and adults.

First, we found a diminution of the number of drawings with

no indicator between 6 (48%) and 8 (22%) years-old. And it is

worth noting that the number of drawings with no indicator

kept decreasing until adulthood. This finding echoes previous

studies asking children to draw the inside of their body and

showing that the number of drawings depicting a brain increases

gradually between the ages of 4 and 7 (Steward et al., 1982;

Eiser and Patterson, 1983; Glaun and Rosenthal, 1987; Reiss and

Tunnicliffe, 2001; Reiss et al., 2002; Bartoszeck et al., 2008, 2011;

Stears and Dempster, 2017; Andersson et al., 2020). In our study,

almost half of the 6-year-olds only drew the outline of the brain,

as an empty shape. Second, we found a significant increase with

age in the depiction of furrows, brain stem and hemispheres,

leading to a more anatomically correct representation of the

brain. These observations are in line with previous studies

showing that the neuroanatomical model of the brain was still

rarely depicted by older children (Bartoszeck and Bartoszeck,

2012; Jeronen et al., 2016). The addition of a group of adults

in our study enabled us to reveal that the representations kept

evolving after the age of 10, in particular with the depiction

of hemispheres characterizing the adults’ drawings. Finally, we

examined the shape of the depicted brains, as a function of age.

The results indicate a decrease in the depiction of round/oval

shaped brains and an increase in the depiction of the encephalic

shape. This evolution matches the one related to the content

of the brain, in the sense that the encephalic shape is more

likely to contain hemispheres and/or brain stem compared to the

round/oval shape.

Is the content of brain drawings specific
to the brain or can we find similar
features in the drawings of another part
of the body?

In this study, children were also asked to draw a belly, as a

control drawing. First, our results indicate that children depicted

specific indicators, with no overlap between brain and belly

drawings. This suggests that children, even younger ones, do

not draw the inside parts of the body all in the same way since

distinct indicators were used depending on the part being drawn.

This observation supports the validity of the brain drawing.

With regard to the belly drawing, there was no overall variation

with age in the number of indicators depicted, contrary to the

brain drawing. Our results also indicate that at the age of 6

and 8, children produced more indicators in their belly drawing

than in their brain drawing. One may conclude that young

children have a better representation of the belly. However, when

comparing the type of indicators produced in the two drawings,

we can notice that the belly drawing is first characterized by

a much more “basic” representation, with indicators such as

food and water for example. When depicting the brain, children

did not use such “basic” indicators. In contrast, either they

draw an empty shape, or a shape containing rather relevant

and advanced indicators. It is possible that children did not

draw basic indicators for the brain simply because there are no

such indicators, contrary to the belly. This would lead to an

all-or-nothing representation of the brain with either advanced

indicators or no indicators at all.

Does the content of the brain (and
control) drawings depend on the
participant’s graphic level?

Interestingly, when considering the participants’ graphic

level for the age comparisons we conducted (relative to the types

of indicators in the brain and in the belly drawings and also

to the shape of the brain), it appeared that the differences we

found between 6 and 8 were mostly related to children with a

low graphic level. In other words, some indicators or shapes,

already represented by young children with a high graphic

level, would require a little more developmental progression for

children with a low graphic level to represent them in their

drawings (e.g., digestive organs in belly drawing). In contrast,
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the differences we found between 8 and 10 and between 10

and adults mainly applied to participants with a high graphic

level. In other words, some indicators or shapes would only

shift in number in older participants with a high graphic level

(e.g., decrease of the round/oval brain shape, increase of the

furrows in the brain drawing). But there were two exceptions

to this pattern: the hemispheres indicator and the encephalic

shape increased between 10 years old and adults, regardless of

the participants’ graphic level.

What do children (and adults) know
about the location and functions of the
brain, depending on their age, and what
are the sources of their knowledge?

Finally, children not only drew a brain but were also asked

questions about the location and function of the brain and

about the sources of their knowledge. The analysis of the verbal

responses provides additional information for interpretation.

Regarding the location, almost all participants were able to

indicate where the brain was located but there was a difference in

the words that were used according to age. There was a decrease

of the use of the word “head” and an increase of the use of

the word “skull.” This result is not surprising if we consider

the age of acquisition of these words reported by Ferrand et al.

(2008): for the word “head” the average age of acquisition is 3.92

years while for the word “skull” it is 7.32 years. The subjective

frequency of exposure to these words also found in Ferrand et al.

(2008) reinforces the relevance to differentiate them, considering

that the word “head” is reported to be encountered at least once

every 2 days while this frequency falls to once a week for the

word “skull.” About the function of the brain, we found an age-

related increase in the number of functions that the children

cited. While the answers “I don’t know” and those referring to

thoughts declined, the responses relative to intelligence, sensory-

motricity, life and control increased with age. This echoes the

developmental pattern we found in children’s use of graphic

indicators to depict the brain, with the use of indicators which

are more complex and anatomically correct with age. This also

relates to the gradual disappearance of brain drawings with

no indicators. With age, children seem to become aware of

the major role that the brain has in driving their behaviors. It

remains to be stressed that the vital function of the brain, as

an indispensable organ for life, was rare in children but present

in adults’ responses. On these two aspects, these results show

the lesser role granted by young children to this organ which

is nevertheless essential to them. Finally, regarding the source

of children’s knowledge, while the answers “I don’t know” or

“I just know it” and those referring to the family declined,

the responses relative to school and books increased with age.

However, it is noteworthy that school does not stand out as

a major source of knowledge according to children (5%, 11%

and 31% at ages 6, 8, and 10, respectively). From our point

of view, there is a need to introduce general knowledge about

the brain into school programs, but also to develop students’

metacognition in order to help them learning how to learn

(Marulis et al., 2020). Lastly, television remained a stable and

frequent source cited by all age groups. Obviously, television

is still an undeniable source of information for children who

can benefit from educational programs, at all ages, with a

significant contribution of this medium in the acquisition of

knowledge (e.g., Wright et al., 2001). However, this medium

can also contribute to the dissemination of neuromyths that

are some misconceptions generated by a misunderstanding or

a misreading of facts scientifically established by brain research.

For instance, the idea that there are critical periods in childhood

after which certain things can no longer be learned is such a

neuromyth (Dekker et al., 2012). From our point of view, the

school should therefore be the major source of information by

having teachers trained in brain sciences (Jolles and Jolles, 2021)

in order to fight against the dissemination of neuromyths among

both students and teachers (Torrijos-Muelas et al., 2021).

Implications on how knowledge about
the brain might be implemented at
school and help students to learn

The functioning of the brain is rarely integrated into

school curricula and taught from kindergarten to secondary

school (Marshall and Comalli, 2012). In France the teaching

of the nervous system begins late, i.e., at the age of 12.

To compensate for this situation, children implicitly acquire

information about the brain through different sources (social

environment, exposure to scientific knowledge, media) which

could lead them to build an incomplete or erroneous mental

representation of the brain, and this seems to reflect our findings.

These elements converge toward the idea that it is necessary to

instruct children about an organ that they “cannot see” (Society

for Neuroscience, 2008; Carew and Magsamen, 2010). Because

the brain is what gives children the ability to learn, it is important

to teach them what the brain is, what purpose it serves and how

they can use it to learn (Lanoë et al., 2015). One way could be to

use brain drawing in the classroom to assess students’ knowledge

(Rossi et al., 2017). This very simple and easy-to-use tool for

teachers could be used as a starting point for teaching the role

of the brain in academic learning.

However, in order to implement knowledge about the brain

in schools it is also necessary to train teachers. As early as

1999, Puckett and collaborators emphasized the promises and

the perils of brain developmental research (Puckett et al., 1999).

In particular, it is now well-documented that teachers follow to

neuromyths (Dekker et al., 2012; Howard-Jones, 2014; Torrijos-

Muelas et al., 2021). Because training teachers in educational
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neuroscience is not enough, exposing them to intuitions and

faulty beliefs could be a useful context to give them the tools to

deconstruct them. Thus, training in the scientific process and

its evaluation would allow them to develop critical thinking

skills (Pasquinelli, 2012) in order to resist the seductive look

of neuroscientific explanations (Weisberg et al., 2008) and the

sirens of popular science journals (Van Atteveldt et al., 2014).

Limitations

Although informative, this study has several limitations.

Regarding the choice of the control drawing, it responded to

a number of criteria. First, it was chosen to ensure that the

participants were in conditions as similar as possible to those

for the brain drawing (i.e., drawing what exists inside another

part of the body). Second, we also needed the children to

be able to understand from the age of 6 which part of the

body was targeted. Finally, although the heart could have also

been an interesting choice, we ruled out this option because

of the assumption that, at least for the youngest children,

we would have obtained a majority of symbolic and not

biological drawings. However, it would be interesting for future

studies to compare the brain to other body parts or organs in

children’s drawings to further examine patterns of similarity and

difference. Another issue that would have been interesting to

address is the orientation of the brain in the drawings: did the

participants represent the brain in a frontal, side or top view? As

we did not ask the participants to draw the contours of the head,

the orientation of the brain was not always clearly identifiable,

which therefore did not allow us to present a rigorous analysis

on this subject. Nevertheless, among the drawings for which

the orientation was identifiable, note that no participant drew

a top view of the brain. Instead, the drawings were distributed

between side and frontal views. This is an interesting topic

because while some indicators seemmore representable through

a side view (e.g., brain stem), others are more so with a front

view (e.g., hemispheres). But did the participants choose an

orientation that allowed them to represent the indicators of

their choice or did they adapt the drawn indicators to the

chosen orientation? This question remains open and would

require further investigation. It should be noted, however,

that there was not always a straightforward correspondence

between orientation and indicators. Indeed, in some drawings

the indicators were favored over the realism of the orientation.

For instance, hemispheres have often been depicted in brains

seen from a side view. Finally, to allow the children to develop

the content of their drawings freely there was no time limit

and we did not record the time for each drawing. It is possible

that the older children, who produced more indicators in their

drawings, spent more time drawing. If this was the case, the

causal link would still need to be examined since the amount

of indicators could be either the cause or the consequence of the

amount of time spent drawing.

Conclusion

In conclusion, this study is part of a long series of

research projects that use drawing as a tool for examining

children’s knowledge, attitudes, and perceptions about events

or concepts (e.g., Ainsworth et al., 2011; Brechet, 2015;

Mouratidi et al., 2016). Through detailed content analysis

of the collected drawings and through the use of additional

drawings and questions, we were able to support but also

extend the results of previous studies, in order to reach

a better understanding of how children conceive the brain.

A famous quote from psychologist Ausubel (1968) states

that “the most important single factor influencing learning is

what the learner already knows. Ascertain this and teach him

accordingly” (pp. 36). Our results indicate that drawings provide

valuable insights into children’s current knowledge about the

brain that could contribute to the development of effective

programs of neuroeducation to improve school-aged children’s

understanding of how the brain works (Tan and Amiel, 2019;

Jolles and Jolles, 2021).

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent to

participate in this study was provided by the participants’ legal

guardian/next of kin.

Author contributions

CB is responsible for all aspects of the study including the

design, experiment, analysis, and write-up. SR participated to

the design of the study, the analysis and to the write-up. AM

participated to the analysis and to the write-up. NB participated

to the write-up. All authors contributed to the article and

approved the submitted version.

Funding

This work was funded by Plan d’investissement Avenir

100% Inclusion, un Défi, un Territoire. Projet Autorégulation

Métacognition Inclusion Scolaire.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Frontiers in Psychology 13 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.951784
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Brechet et al. 10.3389/fpsyg.2022.951784

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

Ainsworth, S., Prain, V., and Tytler, R. (2011). Drawing to learn in science.
Science 333, 1096–1097. doi: 10.1126/science.1204153

American Psychological Association, (2015). Top 20 Principles From Psychology
for preK-12 Teaching and Learning. Coalition for Psychology Schools and
Education. Available online at: https://www.apa.org/ed/schools/teaching-learning/
top-twenty-principles.pdf

Andersson, J., Löfgren, R., and Tibell, L. A. (2020). What’s in the
body? Children’s annotated drawings. J. Biol. Educ. 54, 176–190.
doi: 10.1080/00219266.2019.1569082

Andreou, E., and Bonoti, F. (2010). Children’s bullying experiences
expressed through drawings and self-reports. Sch. Psychol. Int. 31, 164–177.
doi: 10.1177/0143034309352421

Astington, J. W., and Pelletier, J. (2005). “Theory of mind, language, and
learning in the early years: Developmental originals of school readiness,” in: The
Development of Social Cognition and Communication, eds B. D. Homer and C.
Tamis-LeMonda (Mahwah, NJ: Lawrence Erlbaum).

Ausubel, D. P. (1968). Educational Psychology: A Cognitive View. New York, NY:
Holt, Rinehart and Winston.

Barrouillet, P., Fayol, M., and Chevrot, C. (1994). Le dessin d’une maison.
Construction d’une échelle de développement. [The drawing of a house:
Construction of a developmental scale]. L’Année Psychologique 94, 81–98.
doi: 10.3406/psy.1994.28738

Bartoszeck, A. B., and Bartoszeck, F. K. (2012). Investigating children’s
conceptions of the brain: First steps. Intl. J. Environ. Sci. Educ. 7, 123–139.

Bartoszeck, A. B., Machado, D. Z., and Amann-Gainotti, M. (2008).
Representations of internal body image: A study of pre-adolescents and adolescent
students in Araucaria, Paraná, Brazil. Ciências Cognição 13, 139–159.

Bartoszeck, A. B., Machado, D. Z., and Amann-Gainotti, M. (2011). Graphic
representation of organs and organ systems: Psychological view and developmental
patterns. Eur. J. Mathe. Sci. Technol. Educ. 7, 41–51. doi: 10.12973/ejmste/75177

Battistelli, P., and Farneti, A. (2015). When the theory of mind would be very
useful. Front. Psychol. 6:1449. doi: 10.3389/fpsyg.2015.01449

Beaudoin, C., Leblanc, C., Gagner, E., and Beauchamp, M. H. (2020). Systematic
review and inventory of theory of mind measures for young children. Front.
Psychol. 10:2905. doi: 10.3389/fpsyg.2019.02905

Blair, C., and Razza, R. P. (2007). Relating effortful control, executive
function, and false belief understanding to emerging math and literacy ability in
kindergarten. Child Dev. 78, 647–663. doi: 10.1111/j.1467-8624.2007.01019.x

Bonoti, F., Christidou, V., and Papadopoulou, P. (2022). Children’s conceptions
of coronavirus. Public Understand. Sci. 31, 35–52. doi: 10.1177/09636625211049643

Bonoti, F., Christidou, V., and Spyrou, G. M. (2019). ‘A smile stands for health
and a bed for illness: Graphic cues in children’s drawings. Health Educ. J. 78,
728–742. doi: 10.1177/0017896919835581

Bonoti, F., Leondari, A., and Mastora, A. (2013). Exploring children’s
understanding of death: Through drawings and the death concept questionnaire.
Death Stud. 37, 47–60. doi: 10.1080/07481187.2011.623216

Brechet, C. (2015). Representation of romantic love in children’s drawings: Age
and gender differences. Soc. Dev. 24, 640–658. doi: 10.1111/sode.12113

Brechet, C., and Jolley, R. P. (2014). The roles of emotional
comprehension and representational drawing skill in children’s
expressive drawing. Infant Child Dev. 23, 457–470. doi: 10.1002/
icd.1842

Carew, T. J., and Magsamen, S. H. (2010). Neuroscience and education:
An ideal partnership for producing evidence-based solutions to guide
21st century learning. Neuron 67, 685–688. doi: 10.1016/j.neuron.2010.
08.028

Cox, M. V. (2005). The Pictorial World of the Child. Cambridge: Cambridge
University Press.

Cox, M. V., Perara, J., and Xu, F. (1998). Children’s drawing ability in the UK
and China. Psychologia 41, 171–182.

Dekker, S., Lee, N., Howard-Jones, P., and Jolles, J. (2012). Neuromyths in
education: Prevalence and predictors of misconceptions among teachers. Front.
Psychol. 3, 429–437. doi: 10.3389/fpsyg.2012.00429

Eiser, C., and Patterson, D. (1983). Slugs and snails and puppy-dog tails’-
children’s ideas about the inside of their bodies. Child Care Health Dev. 9, 233–240.
doi: 10.1111/j.1365-2214.1983.tb00320.x

Ferrand, L., Bonin, P., Méot, A., Augustinova, M., New, B., Pallier, C., et al.
(2008). Age-of-acquisition and subjective frequency estimates for all generally
known monosyllabic French words and their relation with other psycholinguistic
variables. Behav. Res. Methods 40, 1049–1054. doi: 10.3758/BRM.40.4.1049

Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new
area of cognitive-developmental inquiry. Am. Psychol. 34, 906–911.
doi: 10.1037/0003-066X.34.10.906

Glaun, D., and Rosenthal, D. (1987). Development of children’s concepts about
the interior of the body. Psychother. Psychosom. 48, 63–67. doi: 10.1159/000288033

Gola, G., Angioletti, L., Cassioli, F., and Balconi, M. (2022). The teaching brain:
Beyond the science of teaching and educational neuroscience. Front. Psychol. 13,
823–832. doi: 10.3389/fpsyg.2022.823832

Houdé, O., Pineau, A., Leroux, G., Poirel, N., Perchey, G., Lano,ë, C., et al. (2011).
Functional magnetic resonance imaging study of Piaget’s conservation-of-number
task in preschool and school-age children: a neo-Piagetian approach. J. Exp. Child
Psychol. 110, 332–346. doi: 10.1016/j.jecp.2011.04.008

Howard-Jones, P. A. (2014). Neuroscience and education: Myths and messages.
Nat. Rev. Neurosci. 15, 817–824. doi: 10.1038/nrn3817

Hughes, C. (2011). Social Understanding and Social Lives: From Toddlerhood
Through to the Transition to School. East Sussex: Psychology Press.
doi: 10.4324/9780203813225

Jeronen, E., Bartoszeck, A. B., and Kalinen, M. L. (2016). Conceptions of
Finnish and Brazilian children of the content of the human head and brain. Acta
Universitatis Matthiae Belii, Séria environmentálne manaŽérstvo 18, 25–50.

Johnson, C. N., and Wellman, H. M. (1982). Children’s developing conceptions
of the mind and brain. Child Dev. 53, 222–234. doi: 10.2307/1129656

Jolles, J., and Jolles, D. D. (2021). On neuroeducation: Why and how to improve
neuroscientific literacy in educational professionals. Front. Psychol. 12:752151.
doi: 10.3389/fpsyg.2021.752151

Jolley, R. P. (2010). Children and Pictures: Drawing and Understanding.
Oxford: Blackwell.

Krippendorf, K. (1980). Content Analysis: An Introduction to Its Methodology.
Beverly Hills, CA: Sage.

Lanoë, C., Rossi, S., Froment, L., and Lubin, A. (2015). À la découverte de
mon cerveau: Un programme pédagogique neuroéducatif. Quels bénéfices pour les
élèves d’école élémentaire? [Discovering my brain: A neuroeducational program.
What benefits for elementary school students?] Approche Neuropsychologique des
Apprentissages chez l’Enfant 134, 001–008.

Luquet, G. H. (2001). Children’s Drawings. London; New York, NY: Free
Association Books.

Marshall, P. J., and Comalli, C. E. (2012). Young children’s
changing conceptualizations of brain function: implications for teaching
neuroscience in early elementary settings. Early Educ. Dev. 23, 4–23.
doi: 10.1080/10409289.2011.616134

Marulis, L. M., Baker, S. T., and Whitebread, D. (2020). Integrating
metacognition and executive function to enhance young children’s
perception of and agency in their learning. Early Child. Res. Q. 50, 46–54.
doi: 10.1016/j.ecresq.2018.12.017

Misailidi, P., Bonoti, F., and Savva, G. (2012). Representations of loneliness in
children’s drawings. Childhood 19, 523–538. doi: 10.1177/0907568211429626

Frontiers in Psychology 14 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.951784
https://doi.org/10.1126/science.1204153
https://www.apa.org/ed/schools/teaching-learning/top-twenty-principles.pdf
https://www.apa.org/ed/schools/teaching-learning/top-twenty-principles.pdf
https://doi.org/10.1080/00219266.2019.1569082
https://doi.org/10.1177/0143034309352421
https://doi.org/10.3406/psy.1994.28738
https://doi.org/10.12973/ejmste/75177
https://doi.org/10.3389/fpsyg.2015.01449
https://doi.org/10.3389/fpsyg.2019.02905
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1177/09636625211049643
https://doi.org/10.1177/0017896919835581
https://doi.org/10.1080/07481187.2011.623216
https://doi.org/10.1111/sode.12113
https://doi.org/10.1002/icd.1842
https://doi.org/10.1016/j.neuron.2010.08.028
https://doi.org/10.3389/fpsyg.2012.00429
https://doi.org/10.1111/j.1365-2214.1983.tb00320.x
https://doi.org/10.3758/BRM.40.4.1049
https://doi.org/10.1037/0003-066X.34.10.906
https://doi.org/10.1159/000288033
https://doi.org/10.3389/fpsyg.2022.823832
https://doi.org/10.1016/j.jecp.2011.04.008
https://doi.org/10.1038/nrn3817
https://doi.org/10.4324/9780203813225
https://doi.org/10.2307/1129656
https://doi.org/10.3389/fpsyg.2021.752151
https://doi.org/10.1080/10409289.2011.616134
https://doi.org/10.1016/j.ecresq.2018.12.017
https://doi.org/10.1177/0907568211429626
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Brechet et al. 10.3389/fpsyg.2022.951784

Mouratidi, P. S., Bonoti, F., and Leondari, A. (2016). Children’s perceptions
of illness and health: An analysis of drawings. Health Educ. J. 75, 434–447.
doi: 10.1177/0017896915599416

Pasquinelli, E. (2012). Neuromyths: Why do they exist and persist? Mind Brain
Educ. 6, 89–96. doi: 10.1111/j.1751-228X.2012.01141.x

Piko, B. F., and Bak, J. (2006). Children’s perceptions of health and illness:
images and lay concepts in preadolescence. Health Educ. Res. 21, 643–653.
doi: 10.1093/her/cyl034

Premack, D., and Woodruff, G. (1978). Does the chimpanzee have a theory of
mind? Behav. Brain Sci. 1, 515–526. doi: 10.1017/S0140525X00076512

Puckett, M., Marshall, C. S., and Davis, R. (1999). Examining the emergence
of brain development research: The promises and the perils. Childhood Educ. 76,
8–12. doi: 10.1080/00094056.1999.10522062

Reiss, M. J., and Tunnicliffe, S. D. (2001). Students’ understanding
of human organs and organ systems. Res. Sci. Educ. 31, 383–399.
doi: 10.1023/A:1013116228261

Reiss, M. J., Tunnicliffe, S. D., Andersen, A. M., Bartoszeck, A., Carvalho, G. S.,
Chen, S. Y., et al. (2002). An international study of young peoples’ drawings of what
is inside themselves, J. Biol. Educ. 36, 58–64. doi: 10.1080/00219266.2002.9655802

Rose, S. E., Jolley, R. P., and Charman, A. (2012). An investigation of the
expressive and representational drawing development in National Curriculum,
Steiner, and Montessori schools. Psychol. Aesthetics Creat. Arts 6, 83–95.
doi: 10.1037/a0024460

Rossi, S., Lano,ë, C., Poirel, N., Pineau, A., Houd,é, O., and Lubin, A.
(2015). When I met my brain: Participating in a neuroimaging study influences
children’s naive mind-brain conception. Trends Neurosci. Educ. 4, 92–97.
doi: 10.1016/j.tine.2015.07.001

Rossi, S., Lubin, A., and Lanoë, C. (2017). Découvrir le cerveau à l’école. Les
sciences cognitives au service des apprentissages. [Discovering the brain at school.
Cognitive sciences at the service of learning] Paris: Canopé Éditions, Ministère de
l’Education Nationale.

Samaras, G., Bonoti, F., and Christidou, V. (2012). Exploring children’s
perceptions of scientists through drawings and interviews. Proc. Soc. Behav. Sci.
46, 1541–1546. doi: 10.1016/j.sbspro.2012.05.337
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