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ABSTRACT— The special issue resulting from the 2018
Earli-SIG22 conference reﬂects the current state of the ﬁeld,
the diversity of methods, the persevering limitations and
promising directions towards solutions. About half of the
empirical papers in this special issue that consist of three
parts, uses behavioral, self-report or qualitative measures to
understand the “mind” level of Mind, Brain, and Education.
The other half investigates the “brain” level, using neuroimaging but also genetics or eye-tracking to gain access
to the wider range of biological substrates of learning and
cognition. These biological studies mostly have added value
by reﬁning psychological theories, such that these inspire
new hypotheses to test in the ﬁeld, to ultimately better
inform teaching. Importantly, the special issue presents
several approaches to more intensive, bi-directional and
systematic practice-research collaborations to better connect the “mind” and “brain” levels to education, and to equip
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researchers to realize such collaborations successfully in the
future.

After more than a decade of Mind, Brain, and Education (MBE) research, the 2018 Earli-SIG22 conference provided a great opportunity to gauge the current state of
the ﬁeld, its persevering limitations, and its most promising directions for future research. The organizers took a
very conscious approach to arranging the meeting, based on
feedback from the 2016 IMBES meeting (Brookman-Byrne
& Commissar, 2019, pt. I). This resulted in more room
for the perspective of practitioners and more interaction
between researchers and practitioners. A new format was
introduced: An Open Space event, which contributed to
more collaboration among researchers. Delegates were completely free to create their own sessions and subsequently
brainstorm in small groups. This format appeared very
promising for encouraging collaboration, as demonstrated
for instance by Hobbiss et al. (2019, pt. II), a paper that
resulted from a collaboration initiated during the Open
Space event. Brookman-Byrne and Commissar (2019, pt. I)
further report the results of an exit survey among conference
delegates, evaluating their vision and intentions for research
and translation, and the support they need to move forward.
New ideas and avenues for strengthening research-teacher
collaborations were proposed, such as inclusion of learners in research design, open resources for teacher training
in neuroscience, and mentoring networks for teachers and
researchers.
The articles published in the current special issue that was
published in three parts resonate with these survey results.
They illustrate the diversity of methods and perspectives in
the ﬁeld. About half of the empirical papers in this special
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issue use behavioral, self-report or qualitative measures to
understand the “mind” level of MBE. Many of the results
have potentially important implications for educational
practice, such as science and mathematics teaching. However, when translating MBE research to practice, we should
be careful to avoid creating new misunderstandings or
so-called neuromyths, a topic that was addressed in two
empirical studies in this issue.
The other half of the empirical papers use biological
measures to investigate the “brain” level of MBE, using
functional magnetic resonance imaging (fMRI), functional
near-infrared spectroscopy (fNIRS), or electroencephalography (EEG). Some studies also included genetics or
eye-tracking, to gain access to the wider range of biological
substrates of learning and cognition. The studies add to our
understanding of the biological processes related to cognitive functions. They complement and deepen the implications provided by the behavioral studies, for example, related
to science and mathematics education or eﬀective feedback.
This special issue also includes two reviews that highlight
the gaps in which processes are investigated in MBE studies,
and the lack of conceptual clarity on the level at which
these processes are studied (shallow vs. deep). Finally, in
line with Brookman-Byrne and Commissar (2019, pt. I),
the special issue puts forward several approaches to more
intensive, bi-directional and systematic practice-research
collaborations, and reports experiences with the related
practical challenges and ways to overcome them. These articles address how the “mind” and “brain” levels of research
can be more optimally linked to the “education” level.
The following sections summarize the main ﬁndings of
the articles in this special issue and their implications for
the MBE community and educational practice. We ﬁrst discuss the empirical studies and reviews, and end with the
suggested approaches to carry out research-practice collaborative research.
UNRAVELING THE “MIND” ASPECTS OF LEARNING:
BEHAVIORAL STUDIES

O’Connor, Morsanyi, and McCormack (2019, pt. I) examined cognitive predictors of children’s early mathematical
skills at the age of 4 and 6, right before the start of formal education. They showed that particularly nonnumerical
ordering skills were stable and reliable predictors of early formal mathematical skills. They suggest that not only numerical but also nonnumerical cognitive skills form the basis of
formal mathematics learning and consequently, both sets of
skills should be considered when thinking about prediction
and intervention.
Not only child-speciﬁc characteristics, but also the social
environment is important when learning math. “Math-talk”
is an important aspect of early math development. Von
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Spreckelsen et al.’ (2019, pt. II) qualitative results show that
early educator’s math-talk was biased towards using mostly
counting. Quantitative analyses showed that the variety
of math talk (including counting, but also size comparisons, place-value language) predicted later cardinality skills.
Enriching educators’ mathematical language may be an
eﬀective way to improve children’s early math outcomes.
Dündar-Coecke and Tolmie (2019, pt. III) investigated the
role of verbal and nonverbal ability in causal reasoning in
a large group of primary school children. They found that
verbal and nonverbal skills were dissociable contributors to
children’s causal reasoning. Their ﬁndings have implications
for science education, where the current focus is mostly on
verbal instruction.
Using another approach to study science education, Morris, Farran, and Dumontheil (2019, pt. II) found that ﬁeld
independence, which reﬂects the ability to resist inﬂuence
from the context (the forest) when identifying embedded
shapes (the trees), uniquely correlates with performance
on tests of mathematical reasoning and science in primary school. These results indicate that mathematics and
science problems often require children to separate parts
and whole, whether visually or conceptually. It therefore
may be beneﬁcial to teach children to orient their attention towards key elements (e.g., an operation symbol) and
ignore distracting information. It also indicates that the way
mathematics and science problems are presented will aﬀect
performance.
Although educators are often highly motivated to translate MBE research to practice, it is crucial to ensure that such
translations do not result in new neuromyths. Two articles
in this special issue provide possibilities for investigating and
reducing neuromyth belief in teachers. Tovazzi, Giovanni,
and Basso (2020, pt. III) designed and tested a new type of
questionnaire to capture neuromyth belief among teachers,
by integrating myths within scenarios of realistic classroom
situations. In this new questionnaire, neuromyth belief was
signiﬁcantly lower than in the more standard neuromyth
questionnaire. This may suggests that teachers’ adhesion
to neuromyths in realistic situations does not necessarily
match their more explicit beliefs. McMahon, Yeh, and
Etchells (2019, pt. II) worked with tutors and trainee teachers on adapting an initial teacher-training program to reduce
trainee’s beliefs in neuromyths. Questionnaire data collected
8 months apart in 130 teacher trainees suggested that the
trainees’ beliefs in neuromyths had become unsettled.
Trainees were more critical about applying MBE-research
in educational contexts, however a number of neuromyths
persisted. Although there was no control group, this work is
promising. Importantly, it reveals the constraints imposed
by the short duration of initial teacher training and the
resistance of neuromyths to short interventions.
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UNRAVELING THE BIOLOGICAL SUBSTRATES OF
LEARNING: NEUROIMAGING, GENETIC, AND
PHYSIOLOGICAL STUDIES

Two fMRI-studies are incorporated in this special issue.
Brookman-Byrne, Mareschal, Tolmie, and Dumontheil (2019, pt. I) investigated in 11–15-year-old adolescents
the associations between relational reasoning, that is, the
ability to detect meaningful patterns, and their ability to
solve math and science problems. Individual diﬀerences in
verbal analogical reasoning and nonverbal matrix relational
reasoning were correlated with performance on mathematics and science problems as well as with their patterns
of neural activation. The associations with mathematics
achievement disappeared when individual diﬀerences in
executive functions and verbal intelligence quotient were
taken into account, yet the associations with science learning remained. These results highlight the potential speciﬁc
role of analogical and relational reasoning in science, which
may support the understanding of new, often abstract,
concepts, through analogies (Vendetti, Matlen, Richland, &
Bunge, 2015).
van der Aar, Crone, and Peters (2019, pt. I) used fMRI and
behavioral measures to investigate the role of self-esteem
and associated neural activity on making future-oriented
study choices. Many adolescents struggle with choosing a
well-suited educational career path after high-school. This
study revealed that adolescents who experience these difﬁculties have lower levels of self-esteem and self-concept
clarity. Moreover, these adolescents had less activity in
the medial prefrontal cortex during self-related processing.
A potential implication is that fostering self-esteem and
self-knowledge deserves more attention towards the end
of high school. Many schools currently take the approach
of overloading teenagers with information about potential
career options, rather than encouraging them to reﬂect upon
their own motives, interests and skills.
Soltanlou et al. (2019, pt. II) used fNIRS to investigate
whether letters and numbers recruit distinct or shared neural networks. They examined this question in ﬁfth and sixth
grade children, who were approximately 11 and 12 years old,
respectively. Diﬀerent from many brain imaging studies in
which participants have to respond via key presses, they
investigated the processing of numbers and letters in a more
ecologically valid way, as they asked children to write down
numbers and letters, as they would be doing in the classroom, while their brain activity was recorded via fNIRS. The
ﬁndings revealed similar brain activation patterns for numbers and letters. This suggests, at least at this age, shared
neural networks for symbols that are learned via education.
Feedback processing is a good example of where cognitive neuroscience methods have a clear added value. Behaviorally, one can measure only what happens after a student
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receives feedback (e.g., the next response), but not what
happens during receiving the feedback. Dainton, Winstone,
Klaver, and Opitz (2019, pt. III) used EEG to relate processing of diﬀerent types of feedback to accuracy and rate of
learning in university students performing a category learning task. They manipulated whether the feedback was easy
or hard to decode, and of low versus high utility (i.e., providing information to learn from). Behaviorally, high utility
feedback resulted in higher accuracy, but only for feedback
that was easy to decode. The authors suggest that the beneﬁts
of more useful feedback only apply to easy-to-decode information, but when information is hard-to-decode, utility is
less pertinent to learning. Their results therefore imply that
feedback should be easy to understand and highly applicable. The EEG data revealed larger feedback-related negativity for high-utility feedback, indicating stronger processing
as the underlying mechanism for better learning. The EEG
data added the insight that this increased feedback processing was speciﬁc for trials following negative feedback.
Cognitive neuroscience measures can also be used to
complement behavioral and cognitive measures during
the evaluation of school-based interventions (e.g., Neville
et al., 2013). Wu and Kim (2019, pt. II) conducted a 10-week
story-based tablet game aiming to enhance 3–6-year-olds
developing empathy skills. They compared 14 children who
took the 30 sessions of 10+ min of individualized training
to 12 children in a passive control condition. Event-related
potentials (ERPs) were used as outcome measures. The
intervention group showed increased attention to others’
feelings, as reported by teachers, and changes in the P2
ERP component, thought to reﬂect greater attention to
anti-social/harming scenarios. Crucially, training-related
changes in behavioral and neural measures correlated with
each other. However, more research is needed to replicate
these results in larger samples and with an active control
group.
Galili, Babai, and Stavy (2020, pt. III) used eye-tracking
to investigate attention to irrelevant salient variables in the
Comparison of Perimeters Task. This task has previously
been shown to elicit errors, for example, if two shapes have
the same surface area, their perimeters are concluded to be
the same. The congruency of diﬀerences in surface area and
diﬀerences in perimeters was linked with speciﬁc patterns of
eye movements, suggesting that surface area may be automatically and unintentionally processed. More research is
needed to explore attention to irrelevant salient information and to test whether the pattern observed in this study
is observed in more varied math and science problems with
perceptually misleading information.
Genome-wide association studies (GWAS) oﬀer the
potential to study the underlying genetic contributions to
learning. Donati, Dumontheil, and Meaburn (2019, pt. III)
analyzed data from a large longitudinal cohort of adolescents
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to investigate the genetic contribution to executive function
and their genetic relationship with academic attainment and
intelligence. They found common genetic contributions to
working memory and processing speed, but to inhibitory
control. Working memory shared genetic eﬀects with academic attainment and intelligence, and it showed a negative
genetic correlation with attention deﬁcit and hyperactivity disorder. These data indicate that the genetic eﬀects
underlying working memory are pleiotropic and that they
also aﬀect lifespan intelligence and academic attainment.
More modest genetic overlaps between processing speed
and intelligence were observed, which suggests that distinct
biological pathways contribute to processing speed.

REVIEWING THE EMPIRICAL EVIDENCE: SHALLOW
VERSUS DEEP PROCESSING AND CONCEPTUAL
CHANGE

Two review papers were included in this special issue. A key
question in education is how shallow versus deep processing
contributes to learning. This is especially important because
many teachers aspire to encourage “deep” processing of their
lesson material. Catrysse, Gijbels, and Donche (2019, pt. I)
conducted a systematic review, which included 25 papers,
to examine how levels of processing are studied with fMRI.
The ﬁndings reveal that fMRI research on levels of processing uses only highly controlled conditions with decontextualized and simpliﬁed stimuli. There is also a lack of conceptual clarity: In half of the cases, no theoretical framework or deﬁnition of levels of processing was explicitly mentioned. To further our understanding of how the brain processes information in a deep way, a more clearly deﬁned
conceptual framework is needed. This will help to understand the brain mechanisms that support the deep processing of information, which could in turn inform teaching to
develop the best methods to stimulate deep processing of
information.
Vaughn, Brown, and Johnson (2020, pt. III) emphasize in
their review that many studies in the ﬁeld of MBE have
focused on language and mathematics learning, yet that only
a few have applied this framework to conceptual change
and science learning. Reviewing the existing body of data,
Vaughn et al. indicate that MBE-studies in the ﬁeld of conceptual change and science learning are starting to reveal
important new insights related to individuals’ misconceptions as well as the roles of error detection and executive
function in conceptual change. Acknowledging the limitations of brain imaging to investigate these more complex
cognitive abilities, Vaughn et al. present some future directions for the study of conceptual change through the lens
of MBE, highlighting the critical need to form collaborative
partnerships across diﬀerent disciplines.
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RESEARCH-PRACTICE COLLABORATION AS A NEW
STARTING POINT FOR MBE RESEARCH

In addition to interdisciplinary collaborations across
researchers, many members of the MBE community stress
the importance of more intensive, bidirectional collaborations between researchers and practitioners from the start of
a research project (Brookman-Byrne & Commissar, 2019, pt.
I). Despite these good intentions this is often not straightforward to realize. Several studies in this special issue provide
researchers with examples of how to foster more intensive
collaborations with educational practitioners.
Three papers in this special issue took a practical approach
in designing and performing research together with educators. Van Atteveldt, Tijsma, Janssen, and Kuppers (2019,
pt. II) propose a responsible research and innovation (RRI)
framework, which has been used in other ﬁelds already,
to improve the alignment between research, educational
practice, and other societal stakeholders. They apply this
framework in a case study for developing an intervention to
improve children’s sense of agency in learning with neurofeedback. Using RRI, it became clear that societal stakeholders (teenagers, parents, and teachers) had diﬀerent expectations about this intervention than researchers. This shows
how RRI before starting an intervention can be useful to take
these multiple perspectives into account at an early stage.
This might minimize potential negative impacts and miscommunication.
Massonnié, Frasseto, Mareschal, and Kirkham (2020, pt.
III) examined teacher–researcher collaboration for investigating the eﬀect of noise reduction in elementary classrooms. They observed this collaboration during the following stages of the research: selecting research questions, planning interventions, obtaining ethical approval, recruiting
schools and collecting data. For each step, their paper provides highly useful suggestions and concrete examples for
future collaborations.
A large-scale approach was taken by Churches
et al. (2020, pt. III). They initiated and reported on 34
randomized-controlled-trials (RCTs) based on science of
learning-translated pedagogy. Teachers designed the RCTs
in collaboration with researchers, focusing on topics such
as attention, memory and spaced learning. A meta-analytic
approach was used to examine the overall eﬀect of these 34
RCTs that were run over the diverse range of topics. This
analysis revealed that overall, teacher-led RCTs resulted
in positive short-term eﬀects. The authors highlight that
multiple planned teacher-led RCTs and replications as
well as meta-analytic analytic approaches that combine the
outcomes of diﬀerent studies, show promising potential as
an evaluation tool.
Hobbiss et al. (2019, pt. II) note that while the need for collaboration between researchers and practitioners has been
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recognized and emphasized repeatedly in the last decade,
relatively few of such collaborations have actually been
realized. They report a SWOT analysis of such transdisciplinary partnerships in the ﬁeld of MBE, based on literature. They use this analysis to inform the development of an
international web platform to broker relationships between
researchers and teachers (based on interests and location).
This team and their ideas for this project were formed during
the Open Space event during the SIG22 conference, indicating that such meetings can play an important role in bringing
multidisciplinary teams, including practitioners, together.
CONCLUSIONS

Behavioral studies increase our understanding of development, learning, and teaching. Neuroimaging studies
can complement behavioral data and improve our understanding of mechanisms through more implicit, “online”
measures that are closer to the neural systems at play.
Thomas, Ansari, and Knowland (2019) recently provided an
excellent overview of how neuroscience and education can
interact. They argue that one of the key ways neuroscience
can be useful to education is by providing constraints on
psychological theories based on how the brain works. The
empirical articles in this special issue mostly correspond to
what Thomas et al. (2019) refer to as an indirect interaction
between neuroscience and education, as these studies reﬁne
psychological theories, such that these theories can better
inform teaching.
There are several examples of this indirect potential
beneﬁt for a diverse range of research topics in this special issue. The study by Dainton et al. (2019, pt III) on
feedback-processing provides important hints about which
types of feedback are more useful in the learning process
and why. Feedback that was highly applicable and useful was
processed in a diﬀerent way with higher FRN-amplitudes,
suggesting “stronger” processing which may enable better
learning results. This is an example of how neuroscience
methods provide additional information over behavioral
measures. This information can be used to develop new
hypotheses, which can subsequently be tested behaviorally.
Similarly, Galili et al. (2020, pt. III) show how an “online”
psychophysiological measure can provide insights into the
processes underlying certain behaviors. In their case, the
eye tracking data did not show the same eﬀects as the
behavioral data when inspecting what happens during the
processing of irrelevant salient information. In addition, Wu
and Kim (2019, pt. II) showed that EEG also provided complementary insights over behavior alone. In their study, EEG
was used to obtain an online measure of attention to social
situations, to complement teacher reports on increased
empathy. The EEG ﬁndings suggested greater attention to
anti-social scenarios after an intervention.
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While many studies in the MBE-ﬁeld focus on the cognitive factors underlying learning, there is a gap of knowledge in more socio-aﬀective aspects of learning. Van der
Aar et al.’s (2019, pt. I) study on educational/career-choices
showed that fostering self-esteem and self-knowledge may
be important for this process and deserves more attention
towards the end of high school. The medial prefrontal cortex played an important role, which is relevant because this
is a key region of the social brain, which shows protracted
development until the early twenties (Mills, Lalonde, Clasen,
Giedd, & Blakemore, 2014). This is an example of neuroscience research that might inform current school practices.
A challenge in designing neuroimaging studies in the
MBE-ﬁeld deals with the issue of ecological validity. van
Atteveldt, van Kesteren, Braams, and Krabbendam (2018)
recently suggested several directions for improving ecological validity of developmental neuroimaging studies. One of
these directions is by using less static neuroimaging equipment. An example from this special issue is the fNIRS study
by Soltanlou et al. (2019, pt. II). fNIRS allows participants
more movement freedom compared to fMRI, enabling the
use of less simplistic and less controlled tasks.
Another promising direction for improving ecological
validity is a more intense collaboration with teachers, which
might ensure ﬁnding a better balance between experimentally controlled vs. ecologically valid studies. Van Atteveldt
et al. (2019, pt. II) and Hobbiss et al. (2019, pt. II) provide
important examples of how the ﬁeld can move forward with
increased collaboration between researchers, teachers, parents, and children. It is important to avoid the pitfall of lecturing teachers about what they should be doing in the classroom, when teachers have little or no voice in the research
agenda of educational neuroscience (Thomas et al., 2019).
The same holds for parents and children. We contend that
such collaborative approaches can also help teachers, parents and children develop realistic expectations from neuroscience research. It will help to prevent the emergence of
new neuromyths.
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