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ABSTRACT 

In an effort to build bridges between the fields of neuroscience and education, several research projects using 
neuroimaging focus on the early childhood period. This period of life is indeed crucial for child development, as 
early educational experiences can have a significant influence on subsequent learning. However, conducting 
neuroimaging projects with young children presents several challenges, both for participants and researchers. 
For instance, fMRI technology requires that participants move as little as possible during data acquisition, which 
can be a real challenge for a young child. Building on previous papers that make recommendations to facilitate 
the conduct of fMRI research involving young children, the present article proposes to discuss the rationale 
behind the methodological choices of a particular case: the case of an fMRI intervention study conducted with 
preschool children. An fMRI intervention study with young children is indeed particularly challenging, especially 
when it includes two fMRI sessions, pre- and post-intervention. Since no previous articles have focused on the 
specific challenges encountered in this specific type of study, this article aims to discuss the main questions that 
may arise regarding different key moments of this type of research project: recruitment of participants, 
preparation for fMRI sessions, fMRI data acquisition and data analysis. 
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1. Introduction 
 

In the last fifteen years or so, many researchers have focused 
on the relevance, for the field of education, of a better 
understanding of brain functioning (Ansari & Coch, 2006; 
Goswami, 2006; Sigman, Peña, Goldin, & Ribeiro, 2014). This 
has given rise to an emerging research field often referred to 
as neuroeducation (Ansari, De Smedt, & Grabner, 2012; 
Masson, 2012; The Royal Society, 2011). By studying learners’ 
brain activity, neuroeducation can bring an additional level of 
analysis to some educational issues (Masson & Borst, 2017). 
Indeed, neuroimaging data is distinct and complementary to 
behavioral data such as performance, reaction time or verbal 
responses, which are most commonly used in education 
research (Vogel, Matejko, & Ansari, 2016). The behavioral 
outcomes of students at a task are most often used as clues 
for researchers and educators when evaluating the impact of 
an intervention. However, among other things, brain data 
could allow to observe effects that are not always detectable 
through behavioral data alone (Ansari et al., 2012). For 
instance, two interventions may lead to a similar 
improvement in participants’ performance but show 
fundamental differences in brain activity (Morgan-Short, 
Steinhauer, Sanz, & Ullman, 2012). These differences in neural 
outcomes provide more information about the nature of the 
learning taking place. Examining the brain activity is 
therefore another way to understand how educational 
settings, such as the type of intervention used, impact 
learning. Neuroeducation studies can provide a 
complementary understanding of certain educational 
phenomena in a more fundamental way (Ansari et al., 2012).  

Furthermore, as some specificities of the developing brain 
can only be observed in children, some neuroeducation 
researches focus precisely on the study of children’s brain 
activity and structure (Wilke, Holland, Myseros, & 
Schmithorst, 2003). There is still much to discover on the 
development and maturation of functional brain systems 
(Ansari et al., 2012). However, it is well known that some 
regions of the brain develop over time, such as those related 
to executive functions (Supekar & Menon, 2012). It thus 
appears necessary to conduct studies with participants of 
different age groups, including young children (Wilke et al., 
2003). Investigating the early childhood period is also 
essential in order to develop a better understanding of the 
neural origin of some learning disabilities (Bookheimer, 
2000). For instance, differences in brain activity between 
dyslexic children of different ages have been observed 
(Shaywitz et al., 2002), which highlights the presence of a 
developmental component in such disabilities. Moreover, 
investigating the early childhood period can allow to better 
understand the neural correlates of early learning, such as 
reading and numeracy (Brault Foisy, Riopel, & Mevel, 2017). 
For example, in order to understand the brain mechanisms at 
play when learning to read, it appears necessary to study 
child participants who have not yet learned to read, or who 
are at the very beginning of this learning process. It also 
seems important to study the effects of different educational 
interventions or experiences on brain functioning at this age. 

This seems even more important considering that many 
studies have shown that early educational experiences can 
have a strong impact on brain development, as well as on later 
learning, behavior, and health (Shonkoff & Levitt, 2010; Wade, 
Fox, Zeanah, & Nelson, 2019). In this sense, it has been 
demonstrated that significant adversity experienced during 
early childhood can lead to long-term negative consequences 
on such aspects (Shonkoff & Levitt, 2010). Early educational 
interventions can partially offset the effects of poverty and 
inadequate learning environments on child development and 
achievement, as producing meaningful and lasting effects on 
cognitive, social and academic outcomes (Barnett, 2011). 
Studying the effects of different early educational 
interventions is hence not only scientifically relevant, but also 
socially relevant since interventions that effectively support 
brain development could act as a protective factor for 
underprivileged children and promote equal opportunities 
for all children. For example, studies have shown that 
educational interventions using guided play could help 
promote the development of spatial language (Ferrara et al., 
2011) and executive functions (Diamond & Lee, 2011) in early 
childhood. Neuroeducation studies focusing on this period of 
life can therefore help answer some specific questions and 
provide access to information that would not otherwise be 
available.  

Among all the tools for measuring brain activity, functional 
magnetic resonance imaging (fMRI) is one of the most 
commonly used techniques (Larose, Pineau, & Poirel, 2017). 
fMRI allows, in a non-invasive and painless way, to measure 
the brain activity of participants while they perform a 
cognitive task. The main advantage of this technique is its 
high spatial resolution, which means that it allows to 
accurately measure where the activity occurs, even if it is in 
a region that is located in a deep layer of the brain (Gosseries 
et al., 2008). Over the years, a significant number of studies 
using fMRI have been conducted with child participants. 
Some studies have, for example, investigated the brain 
regions involved in the development of early mathematics 
skills (Houdé et al., 2011; Rosenberg-Lee, Barth, & Menon, 
2011) or those involved in emotional self-regulation (Lévesque 
et al., 2004). Some researchers have also pointed out 
advantages for children participating in fMRI data collection, 
such as the opportunity to learn how their brain works and to 
develop a better understanding of the relationship between 
the mind and the brain (Rossi et al., 2015). 

The use of fMRI is however associated with several 
constraints, which are mainly related to the specific 
environment of the fMRI, which is considerably different 
from a natural classroom context (Masson & Borst, 2017). 
Collecting fMRI data with children therefore poses particular 
challenges for both the child and the researcher (Vogel et al., 
2016). For instance, due to the effect of movement on the 
quality of the images collected, limiting movement as much 
as possible is one of the main challenges associated with fMRI 
data collection with young participants (Thomas & 
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Casey, 2000). There are also other challenges related to the 
steps before and after fMRI data collection, namely the need 
to establish a strong collaboration with parents, the selection 
and preparation of the children (e.g., regarding the fear and 
stress generated by the scan), and the pre-processing of data 
prior to statistical analysis. These challenges raise a number 
of questions for the researchers planning the project: How is 
it possible to limit the movement of children inside the scan? 
Is there a way to prepare them or to contextualize the 
scanning session in order to reduce the stress they might 
feel? What should be the total duration of the scan? Etc. Of 
course, researchers might intuitively think of ideas or 
answers to these questions. However, given the necessity of 
conducting studies with young children using fMRI, these 
specific challenges and the importance of the children’s 
wellbeing during the whole process, it appears essential to 
more systematically identify and discuss strategies to 
facilitate the conduct of this type of data collection. 

The present article proposes to present the rationale behind 
the methodological choices of an fMRI intervention study 
conducted with preschool children, in order to discuss the 
main questions that may arise during this type of project. This 
specific case is particularly interesting as it includes an 
educational intervention, aiming at teaching reading, and two 
fMRI data acquisitions, pre- and post-intervention. Although 
some articles already provide recommendations and 
guidelines regarding fMRI projects with young children, none 
specifically focused on the challenges encountered in one 
that includes an educational pre-post intervention. However, 
the implementation of an intervention between two 
neuroimaging data collection times can pose additional 
challenges, as the child’s experience during the first scan has 
a decisive influence on the rest of the project. Previous 
articles also mainly focused on challenges related to the 
moment of data acquisition (e.g., limiting movement) but less 
on others. The aim of this paper is thus twofold: (1) discuss 
some recommendations made in previous papers that 
address the conduct of fMRI studies involving children, and 
(2) discuss the choices that were made during this project, 
along with their justifications, regarding aspects beyond data 
acquisition (e.g., recruitment) and the challenges related to 
the intervention and pre- and post- fMRI sessions. This paper 
therefore provides guidelines in order to facilitate the 
thought process of researchers who would like to conduct a 
similar research project. Naturally, a complete procedure 
that can be systematically applied to any research project 
does not exist, as the choices are necessarily closely linked to 
the specificities of each research project, such as the age of 
the children taking part in the project, the available funds, the 
location and specific procedure of the center where the data 
collection takes place, the research questions, etc. 

This article is divided according to four key moments of the 
project to which great attention should be paid by the 
researcher: (1) recruitment of participants, (2) preparation for 
fMRI sessions, (3) fMRI data acquisition, and (4) data analysis. 
In the light of both the recommendations provided in 
previous articles and the experience of this project, Table 1 

aims to summarize transferable points to consider during 
each of these key moments. The next section presents the 
central objective of the pre-post intervention study 
discussed in this paper. A discussion of the four key moments 
follows. 

2. Central objective of the pre-post intervention study 

The central objective of the study discussed in this paper was 
to verify whether two distinct educational interventions to 
teaching reading would be associated with different patterns 
of brain activity in children that didn’t know yet how to read 
(preschoolers, mean age: 5.9 years old). Participants were 
randomly assigned to two groups, each taking part in a 
different reading intervention. Each intervention directed the 
participant’s attention to a different level of analysis of the 
word (grapheme-phoneme level vs. whole-word level). We 
chose to carry out the interventions individually rather than 
in groups through a one-to-one teaching relationship in 
order to ensure that participants were fully focused and 
active during these sessions. Neuroimaging data was 
collected before and after the intervention (pretest and 
posttest) for each of the two groups of participants. As 
previously mentioned, this study thus presented a double 
challenge as it simultaneously involved a pre-post 
intervention study, for which the loss of participants is often 
greater (Campbell & Stanley, 1963), and an fMRI study, which 
poses a number of specific challenges, particularly with 
young children. It was therefore crucial to ensure that the 
fMRI session was experienced positively by the participants 
in order to keep them involved in the process for the 
subsequent reading interventions and the second fMRI 
session at the very end of the project. Figure 1 presents the 
project’s sequence of steps. Each of the steps are explained in 
detail in the next sections. 

 

 

Figure 1. Project’s sequence of steps. Components of each of the five 
main steps of the project are identified. 
 

3. Participant recruitment and selection 

The first key moment of concern when conducting an 
intervention fMRI study with young children is the 
recruitment and selection of participants. The recruitment 
and selection of children for fMRI sessions can represent a 
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considerable challenge, especially when the children are 
young, as is the case in the study discussed here. Parents and 
children may indeed initially feel anxious or afraid of the idea 
of participating in an fMRI session. In fact, researchers agree 
that one of the main obstacles in developmental 
neuroimaging is the child’s anxiety level (Bookheimer, 2000; 
Davidson, Thomas, & Casey, 2003; Kotsoni, Byrd, & Casey, 
2006; Poldrack, Paré-Blagoev, & Grant, 2002; Raschle et al., 
2009). Another challenge in the recruitment phase is that the 
younger the participants are, the shorter the time of brain 
image acquisition should be. However, the shorter the time 
spent to collect the brain data, the larger the number of 
participants required to ensure the statistical significance of 
the data collected (Mumford & Nichols, 2008). More 
participants are thus needed in this type of study, which 
highlights the importance of an effective recruitment 
process. In addition, as with all neuroimaging studies, the 
researcher must ensure to minimize neural variability 
between participants. For example, according to some 
studies (Mazoyer et al., 2014; Narr et al., 2007; Pujol, Deus, 
Losilla, & Capdevila, 1999), manual preference can be 
associated with differences in the functional localization of 
certain cognitive abilities, such as language. Significant 
differences in brain structure may also exist between 
individuals of different ages, especially during early childhood 
(Durston et al, 2001). Depending on the research questions, 
these constraints can call for stringent selection criteria and 
can complicate the recruitment of young participants. Byars 
et al. (2002) even suggest that, when participants are young 
children, twice the number of participants needed should be 
recruited to compensate not only for the exclusion of some 
participants due to particularities mentioned above, but also 
for the possible loss of participants throughout the project. 

The large number of participants to be recruited is therefore 
an important challenge.  

Although previous articles highlight the importance of 
recruiting a large number of participants, few discuss how to 
facilitate the process. This section thus provides indications 
by presenting how the recruitment of children was 
conducted in this study. To increase the odds of success, 
recruitment was first done via preschool teachers. In order to 
reach a large number of preschool teachers, a diffusion phase 
was implemented. A video (see Figure 2A) explaining the 
project’s objectives and what students’ participation 
concretely involved was broadcast through official academic 
channels such as school boards as well as social media (with 
the approval of the ethical committee), in order to reach as 
many teachers as possible and to offer the possibility to many 
preschoolers to take part in the study (the complete video is 
available in French at https://youtu.be/RSgslA0_dt8). The 
teachers interested in the project were invited to complete a 
short registration form and were subsequently contacted to 
validate their interest. Over 60 preschool teachers registered 
on the list. A one-hour workshop was then offered to them in 
their class. The aim of this workshop was to discuss in a 
playful way with preschoolers about the brain and its 
functioning using a brain mascot (see Figure 2B). A total of 44 
workshops were given, allowing to reach around 800 
preschool children. This phase of recruitment shows how 
teachers can be stakeholders in the conduct of a research 
project, which is particularly interesting in the case of an 
educational intervention study including two fMRI sessions. 
The implementation of an intervention indeed presupposes 
that the study takes place over a longer period of time and it 
thus appears helpful to involve the school in the process.

 

 

Figure 2. Various images of the project. A. An image captured from the project presentation video that represents the analogy of space travel. 
B. The brain mascot that served as the main visual referent throughout the project. C. A young girl reading the booklet intended for the children 
with a parent. D. The participation certificate that was given to each child at the end of the project. E. The same young girl practicing staying 
still in a tissue tunnel with the help of a researcher. F. A young boy who is about to take part in the fMRI scan. 

https://youtu.be/RSgslA0_dt8
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The second phase of recruitment consisted in sending home 
information documents about the project for all children that 
took part in the workshop. The documents consisted in 1- a 
booklet intended for the child (see Figure 2C), 2- a leaflet for 
the parents, and 3- a reply form, all displaying the brain 
mascot as a familiar visual reference for the child when 
consulting them at home. Parents and children interested in 
participating in the project returned the reply form to the 
child’s teacher, who compiled the information in a secure 
online form. In total, 116 parents showed interest in having 
their child participate. Based on the availability of the MRI 
machine, four cohorts of preschoolers were created, spaced 
at one-week intervals. Initial contact was then made with 
parents by phone to explain how the project would proceed 
and to answer any questions they may have. A screening form 
was also completed with them by phone to ensure that their 
child did not have a medical restriction to participate in a 
neuroimaging session. If the child had no restrictions and met 
the selection criteria (in this case, being a right-handed 
preschool student, not being able to read, and not having 
been diagnosed with a disability or disorder), both 
appointments (pre and post) for the imaging sessions were 
scheduled during that phone conversation. Of the 116 parents 
initially interested in their child’s participation, 48 children 
were selected to participate in the project. Several children 
could not be selected for different reasons: left-handedness, 
disability or disorder (dyspraxia, ADHD, intellectual disability, 
etc.), medical condition preventing participation in an fMRI 
session, too much fear for the child to participate, academic 
delay (e.g., the child entered school 1 or 2 years late), etc. 
Some of the parents also decided that they no longer wanted 
their child to participate in the project. The main reason given 
was the lack of time to accompany their child during the 
neuroimaging sessions (even though some time slots were 
available during the evening). In many cases, it was also not 
possible to reach the parents by phone. The first box in 
Figure 1 presents a summary of the steps associated with the 
recruitment and selection of participants. For each scan 
session, a monetary compensation of $20 was offered for 
participation in the project, as well as a sum of $20 to offset 
the costs associated with travel to the neuroimaging center. 
At the very end of the project, each child also received an 
image of their brain as thanks for their involvement, as well 
as a participation certificate (see Figure 2D) and a t-shirt 
bearing the image of the brain mascot.  

In sum, the recruitment phase appears particularly important 
in the context of a project involving an educational 
intervention, and even more so when it also includes a pre-
post fMRI data collection. The multiplicity of steps over time 
is indeed likely to lead to a greater loss of participants. 
Establishing a strong collaboration with parents and teachers 
from the start, as it was done in this project, seems to be an 
effective and meaningful approach. It also seems important 
to share the main results obtained with the schools, parents 
and children, for example through information sessions or 
conferences, in order to inform them, value their 
participation and perpetuate collaborative work. Table 1 
presents a summary of key points to consider. 

4. Preparation for fMRI sessions 

The second key moment to consider is the preparation for 
fMRI sessions. In fact, as mentioned in the introduction, the 
challenge of a pre-post intervention study that uses fMRI is 
that the child must not only succeed in completing the first 
scan, but the experience must be pleasant enough to repeat 
a second time after the intervention has taken place. 
Intervention studies already generally suffer from 
experimental mortality (Campbell & Stanley, 1963), but the 
risk is even greater when using fMRI, because if the child 
(and/or parent) perceives the first experience as stressful, 
the child might not be inclined to repeat it. Preparation of 
participants before data collection is therefore crucial (Wilke 
et al., 2003), although it can be time-consuming (Larose et al., 
2017). In order to maximize data collection and to limit 
associated constraints, but above all to ensure that the child 
has a pleasant experience participating in the study, the 
researcher must prepare the child psychologically and 
physically for the fMRI session (Raschle et al., 2009). 
Preparation can require more than one meeting to introduce 
the project to the children, inform them about how the fMRI 
scan works, familiarize them with the environment in which 
the images will be taken, introduce them to the cognitive 
tasks, explain the steps of data collection and allow them to 
practice to stay as still as possible (Bookheimer, 2000; Vogel 
et al., 2016; Wilke et al., 2003). Indeed, in their meta-analysis 
aiming to identify the best ways to prepare a child for an fMRI 
data collection, Leroux, Lubin, Houdé, and Lanoë (2013) 
showed that carrying out a full preparation before the fMRI 
session increases the success rate of data collection in 
addition to reducing data exclusion due to a high movement 
rate. A rigorous preparation was thus carried out during the 
present research project to ensure that the child would enjoy 
the experience. We concretely describe it here by directly 
addressing the two moments of preparation: (1) at school and 
(2) at the neuroimaging center. 

4.1 Preparation conducted at school 

The children participating in this study were prepared for the 
fMRI sessions via the workshop in their classrooms. The 
workshops were thus not only part of the recruitment 
process, but they also played a role in preparing the children 
for the fMRI sessions. The preparation that took place during 
these workshops consisted in different games and activities 
explaining to preschoolers the utility, functions and 
functioning of their brain. Throughout the process, the brain 
mascot was used to present this information in a ludic way. 
Indeed, Raschle et al. (2009) suggest using child-friendly 
themes so that the children have a greater desire to engage 
in the process. The functioning of an fMRI session was also 
explained and imagined like space travel; the scan being the 
spaceship, and the child an astronaut with a mission to 
accomplish (see the different images in Figure 2). Children 
were invited to simulate the travel of an astronaut in space by 
entering in a tissue tunnel representing simultaneously the 
spaceship and the scan (see Figure 2E). Children were also 
invited to try out a homemade fMRI antenna, representing 
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the helmet the astronaut has to wear to go to space and the 
real scan antenna, to get used to the feeling. In the tunnel, 
their mission consisted in answering questions similar to 
those that would be asked in the real scan, using a mock 
response pad while being as still as possible. To explain the 
impact of movement on the quality of the images, the analogy 
of a digital camera was given, explaining that the scan was 
also taking pictures, and thus that movement in the scan 
would produce blurry pictures. This initial training, inspired 
by Houdé et al. (2011), allowed preschoolers to understand 
and become more familiar with the general procedure of a 
neuroimaging session, in a context (their classroom) in which 
they felt comfortable and surrounded by trusted persons. 

4.2 Preparation conducted at the neuroimaging center 

In this project, a second step of preparation was also 
performed directly at the research institute prior to each of 
the fMRI sessions, in order to offer another opportunity for 
the child to practice. As Vogel et al. (2016) suggested, 
familiarization with the scanning environment and associated 
tasks are beneficial for a successful execution of the sessions. 
Therefore, on participants’ arrival, a member of the team 
welcomed the child and his parent, wearing a t-shirt of the 
brain mascot to provide a familiar landmark. After revising the 
screening form with the parent, and obtaining the consent 
form signed by the parent and child (the child could write his 
name if he was able to, or symbolically color a smiley face), a 
little snack was offered to the child while being shown around 
the site. In order for the child to feel comfortable and 
confident, many elements of the environment of the research 
institute were adapted, as suggested by Houdé et al. (2011), 
without having to defray high costs. For instance, playful 
images with the effigy of the brain mascot and recalling space 
travel were displayed on the premises of the research 
institute. These images illustrated the main steps to be taken 
and rooms (1- simulation room, 2- fMRI room). The person in 
charge of the data collection was to take the child on a brief 
tour of the place, showing him the images, and explaining 
what was going to be done, and in what order. He could also 
answer the child’s questions and make him feel secure. 

Several researchers (Barnea-Goraly et al., 2014; de Bie et al., 
2010; Leroux et al., 2013; Raschle et al., 2009) also point out 
that a good strategy to reduce the child’s stress and anxiety 
while reducing movement during data collection consists in 
carrying out training with a mock scan (i.e., a reproduction of 
the fMRI scan without electromagnetic field emission) 
directly at the neuroimaging center. Indeed, because of the 
size of the scan, its loud noise and narrow bore, practicing in 
a mock scan allows the child to become familiar with the fMRI 
environment (de Bie et al., 2010). In addition, because the 
children are not able to look at the response pad during the 
scan, training in a mock scan is a strategy to help them 
practice answering with the response pad (Larose et al., 2017).  

In the present study, the child was invited to the simulation 
room to “practice his mission in space” in a mock scan. The 
first step consisted in explaining to the child the instructions 

of the tasks he would have to perform in the real scan using 
the response pad. Before entering the mock scan, a first 
practice was done in front of a computer screen. The child 
was asked to answer about ten questions similar to those 
used in the tasks, with the response pad. A second practice 
then took place inside the mock scan. Feedback was given to 
the child following his practice to let him know if he had 
accomplished his mission well by performing the tasks and by 
remaining as still as possible. This step also allowed to screen 
the children for claustrophobia. The training part inside the 
mock scan seemed particularly important with participants 
of this age, as it allowed them to understand in a very 
concrete way what the real scan session would be like. Also, 
as suggested by de Bie et al. (2010), the sounds emitted by the 
real scan were also presented to the child (comparing them 
to familiar sounds, like a train or a ship) so that he would not 
be surprised and would understand that they were normal. 
For some children who were more fearful, parents’ 
collaboration was facilitating, as they could accompany their 
child during the training in the mock scan room. Finally, we 
also paid attention to the vocabulary used during the entire 
project, taking care to avoid words with negative 
connotations. For example, we would ask a child if he felt 
comfortable instead of if he was scared, in order not to induce 
stress or fear.  

All of these considerations (see Table 1 for a synthesis) seem 
truly important in the preparation of the child for fMRI 
sessions to ensure that he appreciates the experience, 
especially since intervention studies usually imply several 
data collection times. 

5. fMRI data acquisition 

The third key moment is data acquisition itself. One of the 
major concerns in fMRI data acquisition with young children 
is motion control, which is crucial to ensure image quality. 
During the fMRI scan, participants should indeed move as 
little as possible to prevent images from containing motion-
related artifacts (Byars et al., 2002). This implies that the child 
must maintain control over himself for several minutes, 
which can be more difficult than for an adult participant 
(Bookheimer, 2000). Indeed, it is expected with children that 
a large proportion of data will be lost due to excessive motion 
(Poldrack, Mumford, & Nichols, 2011). Even though there 
appears to be a consensus that conducting a mock scan 
practice greatly improves the likelihood of a successful scan 
(Leroux et al., 2013), it still seems necessary to plan the data 
acquisition sequence in such a way as to reduce possible 
movement. Therefore, when planning the neuroimaging 
acquisition sequence per se, several questions may emerge. 
For example, at what point in time should the anatomical 
images be acquired? How to best maintain the child’s 
attention and interest? In which order should the tasks be 
performed (if there are several of them)? What is the most 
appropriate duration of the tasks? Are there acquisition 
parameters that are better suited for young participants 
(especially due to the larger possibility of movement)? 
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In the present study, when neuroimaging acquisition was 
conducted (see Figure 1 for the sequence of steps), we first 
made sure that installation time with the child was sufficient. 
With the help of a technician (also wearing a t-shirt bearing 
the image of the brain mascot) and the person in charge of 
data acquisition, the participant was then positioned on the 
scanning table (see Figure 2F showing a picture of a young 
boy who is about to take part in the fMRI scan). To minimize 
the risk of movement during image acquisition, the 
technician ensured that the participant’s head was well 
positioned, and cushions were placed on each side. In order 
to obtain the cleanest anatomical images and because 
children are likely to move more as the session progresses, 
we chose to collect these images at the beginning of every 
session. Performing the anatomical scan at the beginning also 
made it possible to use the functional data collected, even if 
the participant did not complete the entire session. Since the 
anatomical images are indeed necessary to perform co-
registration during the preprocessing steps, choosing to 
conduct the anatomical scan at the end of the session could 
lead to the loss of the collected functional data if the 
participant would not complete the entire MRI session. On 
the advice of the neuroimaging center staff, we also decided 
to conduct a T1-weighted multi-echo MPRAGE (MEMPRAGE) 
(van der Kouwe, Benner, Salat, & Fischl, 2008) because it 
allowed us to reduce the duration of anatomical acquisition 
to about 6 minutes (instead of a more standard MPRAGE 
session of 9-10 minutes) while preserving similar image 
quality. Another technique used to limit movement during 
anatomical acquisition was to present the participant a short 
and calm animation movie in which a character makes a 
journey into space, so the child would be sufficiently attentive 
and move as little as possible (Houdé et al., 2011). The theme 
of the movie also aimed to place the child in a reassuring 
context from the start of the scanning session.  

Vogel et al. (2016) recommend using short protocols with 
children due to their limited attention and immobility 
capacities. Consequently, during functional image 
acquisition, the first task was designed to be as short as 
possible: it took about 12 minutes in total and was subdivided 
into four equivalent series of three minutes, each presenting 
a limited number of stimuli. This task was intended to observe 
the brain activity generated during the reading of words. In 
order to do so, participants performed a reading-verification 
task in which they had to evaluate if a word matched an 
image. They gave their answer (yes or no) by pressing one of 
the two buttons of a response pad. Considering the young age 
of the participants, it was also necessary to make the 
response process as easy as possible. Very often, the 
response pads used in neuroimaging data collection with 
adults have four buttons (because the tasks involve several 
possible answers). However, in this case, the task involved a 
simple choice between two answers. It was thus important to 
develop a strategy to ensure that the child was not mistaken 
about which buttons to press. To minimize the risk of 
response error, we decided to use a child-friendly response 
pad with only two buttons. Using specific response tools that 
are adapted in size and shape to the age of the participant has 

indeed proven helpful (Kotsoni et al., 2006). Another strategy 
could have been to add textures on the buttons in order to 
provide a tactile landmark for the child in case he no longer 
remembered which one to press. During the installation of 
the participant in the fMRI device, we also made sure that the 
response pad was carefully positioned so that the child felt 
comfortable when answering and did not wiggle in the scan 
to reach the pad (Raschle et al., 2009). 

Because one of the tasks required a higher level of cognitive 
engagement from the child (reading the words and evaluating 
the accuracy of the matching), we chose to have the child 
complete it first. The second task was also designed to be as 
short as possible. It was divided into two equivalent series and 
took about seven minutes in total. This task aimed to assess 
the functional organization of the visual ventral pathway 
(inspired by Monzalvo et al., 2012). It was a more passive task 
because participants simply had to look at different 
categories of objects appearing on the screen and press a 
button on the response pad when a target (the brain mascot 
image) was displayed. The instruction given to the participant 
to press the button when the mascot appeared was intended 
solely to ensure that they remained attentive and that they 
were looking closely at the stimuli presented on the screen.  

In addition to the recommendation to use short protocols, 
Vogel et al. (2016) also suggest segmenting the tasks to allow 
the child to take breaks. Therefore, between each series of 
tasks, a break of one to two minutes was taken so that the 
participant could benefit from a small rest period. During 
these breaks, the experimenter could interact with the 
participant by speaking to him via microphone to make sure 
that he felt good and that he was relaxed enough. The child 
was also reminded of the instructions, the remaining steps, 
and to move as little as possible, and was given positive 
reinforcement in order to keep him motivated. At the end of 
this fMRI session, the person in charge of data collection also 
asked the child if he enjoyed his experience and reminded 
him that he would come again for a second scan (the 
posttest), in order to prepare him mentally. After the first 
fMRI session, all participants were involved in a five-week 
intervention that aimed to teach them to read 20 words (see 
Figure 1, step 3). To ensure that the child continued to feel 
comfortable during the process, these interventions were 
carried out in their school environment. Indeed, the 
experience of the first fMRI session is likely to affect the 
child’s willingness to participate in the interventions and the 
second fMRI session, as the experience of the interventions 
may affect his desire to come back for the second scan. The 
post-intervention fMRI session was conducted in all respects 
like the first. All steps of the project, from recruitment to the 
end of data collection, took place from September to April. 

6. Data analysis 

There are other challenges beyond data collection for 
researchers conducting fMRI studies with young children. 
The fourth key moment is data analysis. Indeed, before 
moving forward with analysis, data must be preprocessed to 
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control for quality. Data preprocessing involves different 
steps, of which two in particular could require special 
consideration due to the young age of participants. The first 
step, which may require more attention, concerns motion 
correction (Brault Foisy et al., 2017). This preprocessing step 
aims to correct differences in the positioning of the head 
throughout the neuroimaging session, so that a brain region 
remains at the same position in the standard coordinate 
system [x y z] for all volumes collected. The overall goal of 
motion correction is to maximize sensitivity to true 
activations while minimizing false activations related to 
motion (Johnstone et al., 2006). The most common motion 
correction consists of realigning the images by translation 
and rotation on the 3 axes x, y and z (six parameters rigid 
body transformation) in order so that they correspond as well 
as possible to a reference volume (Friston et al., 1996; 
Poldrack et al., 2011). However, considering that children may 
be inclined to move more than adults in the scanner during 
data acquisition, some researchers suggest that an additional 
correction should be made for residual motion (Brown et al., 
2010; Johnstone et al., 2006; Monzalvo et al., 2012). One 
possible strategy to perform this type of correction is to use 
a software designed specially to improve fMRI analysis, such 
as ArtRepair (Mazaika, Hoeft, Glover, & Reiss, 2009), which 
has special motion adjustment algorithms. With this type of 
software, it becomes possible to correct each of the brain 
volumes for which movement induced an artifact by 
removing them or interpolating from neighboring volumes 
(see an example in Monzalvo et al., 2012). This software also 
allows statistical results obtained before and after the 
correction of artifact volumes to be compared. Another 
strategy to realize supplementary motion correction is to add 
motion regressors in the design matrix (for more details, see 
Johnstone et al., 2006). It can therefore be appropriate to 
consider performing movement correction when analyzing 
fMRI data of young children.  

The second data preprocessing step that may require 
additional consideration is the spatial normalization step. 
Spatial normalization is necessary in studies that generalize 
across individuals by carrying out group analyses. Since 
individual brains are highly variable in their size and shape 
(Huettel, Song, & McCarthy, 2008; Poldrack et al., 2011; 
Rademacher et al., 2001), participants’ brains need to be 
transformed into a common space so that they are aligned 
with one another (Uylings et al., 2005). To do so, a brain 
template is used as a target to which all individual images of 
participants can be aligned (Poldrack et al., 2011).  

The templates used to normalize images of adult brains are 
not necessarily adapted to children’s brains (Brault Foisy 
et al., 2017; Thomas & Casey, 2000; Wilke, Schmithorst, & 
Holland, 2002). Indeed, depending on their age, there are 
sometimes considerable anatomical differences between the 
brains of children and adults (Caviness et al., 1996; Fonov 
et al., 2011; Sanchez, Richards, & Almli, 2012), which may 
require the use of a specific brain template for the 
normalization step. For instance, since the frontal lobe 
matures late in development (Gogtay et al., 2004), the 
proportion of the brain occupied by this region differs in 
childhood and adulthood, thus calling for the use of a specific 
brain template. Moreover, due to rapid brain growth in the 
early years of life, significant differences can also be observed 
in children of different age groups, including brain size, shape 
and tissue composition (Prastawa, Gilmore, Lin, & Gerig, 
2005; Wilke et al., 2002). Some researchers therefore argue 
that using an adult anatomical template to normalize data 
from children may cause significant bias due to 
developmental differences between adult and child 
populations (Altaye, Holland, Wilke, & Gaser, 2008; Machilsen 
et al., 2007; Wilke et al., 2002, 2003). A possible strategy 
consists in using a paediatric template in order to realize the 
normalization when the participants are children (Wilke et al., 
2002). Different templates (Fonov et al., 2011; Sanchez et al., 
2012) and software, such as Template-O-Matic (Wilke, 
Holland, Altaye, & Gaser, 2008) or DARTEL (Ashburner, 2007) 
can be used via Statistical Parametric Mapping (SPM) to 
create age-specific brain templates. In summary, in order to 
obtain clean data, it is essential to consider these elements 
when planning the analysis (See Table 1 for an overview). 

In this project, as the objective was to compare two 
pedagogical interventions, each intervention acted as a 
control measure for the other. We also made sure that the 
two groups had an equivalent starting level at pretest 
(participants of both groups were non-readers). Reading 
performance was measured in addition to brain data, to 
evaluate the difference in performance between the 
posttest and pretest for each type of intervention. Brain 
data was analyzed to identify the brain regions that were 
more activated for each type of intervention (grapheme-
phoneme > whole-word, and vice versa) and those that were 
more activated after the intervention (posttest) compared 
to before (pretest), for each intervention. Region-of-
interest (ROI) analyses were also performed with respect to 
our assumptions about specific regions of the reading 
network.
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Table 1. Main points to be considered during four key moments of a pre-post intervention study using fMRI with young children 

Key moments Main points to consider 

Recruitment and 
selection of participants 

▪ Recruit about twice the number of participants needed. 

▪ Involve the school community, teachers and parents in the process (e.g., going into classrooms) and 
establish a strong collaboration with them. 

▪ Present and diffuse the project in such a way as to reach both adults and children (e.g., video).  

▪ Establish child-friendly visual reference points at the beginning of the process that will be reused 
throughout the project. 

▪ Design materials specifically for the child (information sheet, consent sheet, participation certificate) to 
make them feel involved in the process. 

Preparation for fMRI 
sessions 

▪ Create a warm atmosphere through interactions with the child. 

▪ Introduce the child to the environment of the scan (visit of the neuroimaging center, presentation of the 
tasks and steps of the project). 

▪ Plan several training sessions (practicing the tasks, staying still, answering without seeing the response 
pad, etc.), including a session outside of the neuroimaging center (e.g., classroom). 

▪ Have the child listen to the noise of the scan before the real session. 

▪ Perform a simulation in a mock scan. 

fMRI data acquisition ▪ Ensure that the child is in an appropriate condition before the beginning of the scan (not hungry or in need 
to go to the bathroom, etc.). 

▪ Take the time to install the child in order for him to feel comfortable and secure. 

▪ Ensure that the equipment used is appropriate for the child’s age (e.g., response pad). 

▪ Collect the anatomical images at the beginning of the fMRI session. 

▪ Choose shorter acquisition sequences when possible (e.g., MEMPRAGE sequence). 

▪ Plan short tasks for the child to complete in the scan. 

▪ If there are several tasks, plan the most cognitively demanding task first.  

▪ Include breaks during the fMRI session. 

▪ Communicate with the child during the breaks (making him feel secure, reminding him to stay as still as 
possible, informing him of the remaining steps, etc.) 

Data analysis ▪ Realize supplementary motion correction if necessary. 

▪ Choose brain templates that are appropriate for children’s brains for the normalization step. 
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Conclusion 
 

The aim of this paper was to discuss the rationale behind 
methodological choices in the case of an fMRI pre-post 
intervention study conducted with preschool children. Since 
no previous articles focus specifically on challenges 
encountered in fMRI studies including an educational 
intervention, this paper provides an interesting perspective 
as well as supplemental recommendations to facilitate the 
conduct of fMRI research involving young children. We 
highlighted anchor points that could be transferable to other 
research projects using a similar protocol, but with different 
research questions. By providing useful information to 
researchers aiming to conduct similar research, this article 
could facilitate the conduct of future neuroimaging studies 
with young children. As early childhood is a crucial period in 
child development, it seems relevant to facilitate such 
projects while maximizing the well-being of the young 
children who participate in them. Conducting neuroimaging 
intervention studies from an early age can allow a better 
understanding of how different educational interventions 
lead to different neural correlates. It can thus help to better 
understand the foundations of different types of learning, and 
ultimately foster teaching practices that are more naturally 
compatible with brain development and functioning. 
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