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Mind, Brain, and Education in the Era of Globalization 

Tami Katzir, Mary Helen Immordino-Yang, & Kurt W. Fischer 

Hebrew University, University of Southern California, and Harvard University 

 

In the early 21st century the newly emerging field of Mind, Brain, and Education (MBE) has 

garnered much attention, as both a framework for scientifically grounding educational practice and a way 

of bringing a developmental/educational perspective to neuroscience. However, as with most innovations, 

there has been an initial period of overuse and unrealistic expectation, as evidenced in frequent use of the 

phrase “brain-based education” in the popular press, the marketing of various "brain-based" children’s 

products, and the misguided, state-mandated provision of classical music CDs to mothers of newborns 

throughout Georgia because of research about the “Mozart effect” on some cognitive test items in college 

students. While the idea of connecting the study of mind and brain with the practice of education has 

generated much legitimate excitement, it will take time to develop a productive and responsible 

partnership, one suited to the needs of an increasingly globalized society. Researchers and practitioners are 

just beginning to come together to clearly formulate the shape of a field that will have great influence on 

the nature of education.  

A principal challenge to education in the 21st century is to shift from a localized factory-model 

focus to one that prepares citizens to function in an increasingly interconnected and rapidly changing 

globalized world (Suarez-Orozco & Qin-Hilliard, 2004). As our visit to the Tensta Gymnasium in 

Stockholm revealed for post-industrial nations, integrating the large and growing numbers of youth from 

highly diverse linguistic, ethnic, religious, racial, and cultural backgrounds into their societies and 

economies is the greatest challenge as borders and markets become more fluid.  The schooling and 

integration of youth of immigrant origin, as well as the capacity of native citizens to move beyond 

intolerance, are of critical importance. In a world-context where difference is becoming the norm, this era 

increasingly selects for the interpersonal competencies needed to work, think, and play with individuals 

from substantively different backgrounds (Suarez-Orozco & Qin-Hilliard, 2004). For education to adapt to 

this new era, educators need to understand how students’ development and learning are universal and how 

are culture-specific, and research in biology, cognitive science, and education are essential to this 

understanding. 

We believe that the emerging field of Mind, Brain, and Education will play an important role in 

answering some of the new challenges and needs in education arising from this question. In particular, a 

new generation of scholars in MBE are gradually forging connections between cognition, biology 

(especially neuroscience and genetics), and educational practice, especially involving learning, teaching, 



and cognitive and emotional development. This intersection of biology and cognitive science with 

pedagogy has become a new focus in a growing number of graduate training programs across the world, 

and holds promise as a way to connect education and public policy with the major innovations of biology.  

These graduate programs are strongly interdisciplinary, including psychology, pedagogy, and biology, but 

also philosophy, anthropology, linguistics, computer science, and other relevant disciplines. 

 Such an interdisciplinary focus is vital for finding answers to the new set of questions that arise 

from the globalized context. For example, with growing immigration, students from different linguistic 

backgrounds are increasingly educated together. What will this mean for the students' linguistic and 

cultural development? Specifically, do different languages (e.g., sign language, Latinate languages, or 

Semitic languages) shape the brain differently, and should we then expect different pathways to learning to 

read in different groups of children? What is the role of plasticity of brain development in learning to read, 

both through typical experience and after brain damage? How could we best accommodate potential 

differences in learners? Building from the cases of reading and plasticity, how can new findings on brain 

development inform education reform more broadly? For instance, if a child shows a difference in brain 

activity after receiving one-on-one tutoring, when can this evidence support the inference that she received 

appropriate remediation? And, how should this inference be shared with the public? What should be the 

standards for critical consumption of brain research disseminated in the media?    

In order to begin to answer some of these questions, we will first describe the field of Mind, Brain 

and Education – the history of the movement and the overarching goals of this new field as they relate to 

the era of globalization. The second part of the chapter will provide two examples of MBE research. In the 

first, we will examine contributions to our understanding of reading and literacy development, especially in 

multilingual contexts.  In the second, we will discuss issues related to plasticity in brain development, 

through presenting two exceptional adolescent boys, one Argentine and one American, who have 

undergone hemispherectomies, a surgery in which half of the brain is removed to control severe seizures. 

Despite incredible odds against them, both boys are compensating well in mainstream social and 

educational environments. We will conclude with some promises and cautions associated with research and 

application of this work. 

 

MBE in Historical Context 

 

The fascination that philosophers and scientists have with the human brain historically centered on 

the questions of mind/brain duality (Descartes, 1850), and only more recently has research on the mind-

brain relationship expanded to include questions about cognitive development and learning grounded in 

cognitive science, neuroscience, and genetics.  Neuroscience, the interdisciplinary study of the nervous 

system, is a field less than 40 years old, which has shown explosive growth, so that today there are more 

than 300 graduate programs in neuroscience. As testament to the complexity of the brain and the many 

methodological barriers that exist to the objective study of its structure and function, the development of 



the field has resulted in the development of many interdisciplinary neuroscientific activities, including 

neuropsychology, neurobiology, neuroimaging, and neurophilosophy (Katzir & Pare-Blagoev, in press). In 

a sense, the field of Mind, Brain, and Education seems a natural next step in these activities, in that it 

represents a sort of "meta" interdisciplinarity, extending the interdisciplinary enterprises to encompass and 

accommodate the practice of teaching real children and adults.   

However, one roadblock to this next step is the persuasive argument that understanding the brain 

is not necessary for the construction of theoretical models of human cognition (Marr, 1982; Neisser, 1967).  

Some have even argued that although neuronal constructs are part of the explanatory vocabulary of 

biologists, they are not useful in psychology, which adopts a different, behavioral level of inquiry 

(Pylyshyn, 1984). Many educators and psychologists similarly feel that differences between the levels of 

analysis used in biology and psychology and the primary importance of application to practice in education 

are simply too large to bridge (Blakemore & Frith, 2000).  

One solution to this problem was proposed by Bruer (1997), who suggested a middle ground in 

which cognitive psychology could serve as a midpoint between neuroscience and education. But we argue 

here and elsewhere that the advent of new technologies and approaches in MBE will afford increasing 

ability to translate across disciplines and levels of analysis, providing new tools grounded firmly in both 

cognitive science and biology (Fischer 2006; Fischer, Immordino-Yang, & Waber, 2006; Katzir & Paré-

Blagoev, in press).  Thus we move beyond Bruer’s view to argue that experimental paradigms designed to 

capture relations across levels of analysis (genetic, neuronal, cognitive, behavioral) will help build the very 

bridges that Bruer thought were impossible between these currently distant disciplines. Specifically, we 

propose that the application of these concepts in real-life educational contexts will provide the level playing 

field in which to directly compare, and ultimately unite, different disciplinary approaches. Real children, 

we feel, will provide the ultimate testing ground for our ivory-tower theories. Working to describe and 

explain real learning in diverse populations necessitates bringing a variety of approaches to bear, and so, 

the field of Mind, Brain and Education is born.  

 

MBE in a Globalized World 

 

Over the last ten years, education scholars have begun actively and aggressively looking to the 

biological sciences in order to inform education policy and practice around the world. The advent of 

powerful new in vivo brain imaging technologies, the power of the burgeoning discoveries in genetics, and 

the general excitement in society about the possibility of new biologically-based alliances between 

cognition and education provide the means to make real strides in understanding relations between brain 

and behavior in educational contexts (Battro, Fischer, & Léna, 2006). In a few tantalizing cases, researchers 

and educators can even begin to observe the functional neuropsychological effects of educational 

interventions.  



For these advances to become generalizable and meaningful in a broader world context, we need a 

common language – a shared set of criteria for evaluating, critically consuming, and ultimately contributing 

to the new neuroscience and genetics. The focus of society on the burgeoning knowledge of biology leads 

to expectations that sometimes upset the balance between scientific knowledge and meaningful use in 

practice, raising numerous ethical and educational issues (Battro, 2000; Bruer, 1997; Illes, Kirschen, & 

Gabrielli, 2003; Scientific American, 2003; Sheridan, Zinchenko, & Gardner, in press).  

For an example of brain research misapplied, one need look no further than the 1998 decision in 

Georgia to fund the program, which cost hundreds of thousands of dollars, to provide Mozart CDs to all 

new mothers.  In establishing this policy, the governor of Georgia drew on work in cognitive neuroscience 

conducted at the University of California at Irvine. The actions were taken in the hopes of “harness[ing] the 

‘Mozart effect’ for Georgia's newborns – that is, playing classical music to spur brain development” 

(“Random Samples,” Science, 30 January 1998, p. 663).   

However, the media, the main channel for rapid and broad information dissemination, had 

exaggerated the research findings, and the governor had jumped to inappropriate conclusions. A first study, 

reported in Nature (1993), found that listening to Mozart raised the abilities of college students on certain 

spatial tasks for a brief period of time. Then, another study found that keyboard music lessons boosted the 

spatial skills of 3-year-olds (Schlaug, Jancke, Huang, & Steinmetz, 1995). Taken together, these studies 

were used to justify Georgia's program, although neither study involved newborns nor showed a long-term 

effect. Despite what the governor had implied, the research had no relevance to infant intelligence.  

Since this debacle, major scientists have urged caution and care as researchers, educators, and 

other practitioners proceed down the exciting but pitfall-laden road connecting neuroscience to education 

(Berninger & Richards, 2002; Katzir & Pare-Blagoev, in press; Goswami, 2004). To systematically explore 

the relation of neuroscience and cognitive science findings to children’s development and learning in order 

to make conservative but confident recommendations requires a forum for rigorous scientific and 

educational debate, and a common research language spoken by both researchers and practitioners 

worldwide. In short, there is a need for new international forums (journals, books, conferences) dedicated 

to these topics, both to advance critical examination and formulation of research and to serve as ‘consumer 

reporters’ on what has been scientifically demonstrated and what remains to be studied. 

These regulated forums are especially essential in a globalized society, as information now travels 

faster and further than ever before. Suarez-Orozco and Qin Hilliard (2004) argue that one of the four 

interrelated formations of globalization is “information, communication, and media technologies that 

facilitate exchange and instantaneously connect people across vast geographies…” (p.14). This 

unprecedented accessibility to information is a double-edged sword, because it requires a skilled audience 

to receive and interpret it. For parents, teachers, and policy makers to find suitable solutions to pressing 

educational problems, there must be an open dialog between the scholarly communities of educators and 

researchers, particularly since we must be judicious in applying the new science to clinical and educational 

settings.  



The best research and educational practice require a two-way interaction between scientists and 

educators working to help children learn. In an era where physical boundaries and borders between nations 

are opening up, the intellectual bridges to facilitate this cross-disciplinary discussion should be built as 

well. Globalization involves a kind of ‘post-geography’ (Bauman, 1998), which should facilitate the flow 

of information across different scientific disciplines as well as between research and practice in education. 

In the 21st century, globalization holds the promise of helping to move research that was once centered in 

ivory towers to application to curricula in schools and communities across the world. 

 

Goals of this New Field 

 

Given the global context in which it is operating, the mission of this new field is to facilitate cross-

cultural and cross-disciplinary collaboration in biology, education, and the cognitive and developmental 

sciences.  Science and practice in these fields will benefit from rich, bi-directional interaction.  Research 

can contribute to usable knowledge for education, while practice can help to define promising research 

directions and contribute to the refinement of testable hypotheses in diverse populations.  

In our view, neuroscientific research can make three major contributions to education: 

1. The research methods of neuroscience can provide converging lines of evidence for findings 

and hypothesized processes based on traditional educational and psychological methods (Kosslyn 

& Koenig, 1992; Posner, Peterson, Fox, & Raichle, 1988; Sejnowski & Churchland, 1989). For 

example, they have confirmed the role of phonological processes in learning to read (Perfetti & 

Bolger, 2004). 

2. New findings often help researchers decide among competing rival approaches. For example, 

are there different subtypes of dyslexia? Is there a genetic component? How might genetic 

predispositions to dyslexia interact with environmental experiences to produce a range of 

subtypes? 

3. Neuroscience research allows for the generation of new hypotheses that could not be generated 

without some knowledge of the brain. For example, even after achieving reading scores in the 

average range, some children with dyslexia still process written information differently from their 

peers. These differences imply that they will also demonstrate differences in their approaches to 

learning from written material. 

Commensurate with these contributions, the principal goal of MBE is to foster dynamic relations 

between neuroscience, genetics, cognitive science, development, and education so that each field benefits 

from and influences work in the others. The principal objectives of the field are: 

• To improve the state of knowledge and dialogue among education, biology, and the developmental 

and cognitive sciences, 

• To create and develop resources for scientists, practitioners, policy makers, and the public that are 

grounded in research, 



• To create and identify useful directions for research on education and promising educational 

practices, 

• To share ideas, critiques, insights, and issues through a journal and other forums for exchange and 

dialog, such as symposia, workshops, and conferences.  

• To promote active collaboration between researchers and practitioners in neuroscience, genetics, 

cognitive science, and education. 

To accomplish these objectives, the new generation of MBE scholars can focus their work on cognitive 

neuroscience, learning and instruction, cognitive or emotional development, learning disabilities, 

interventions with children, uses of technology for education, diversity in education, or a combination of 

these topics. In addition, practitioners can build expertise in hands-on applications of cognitive principles to 

relevant practical and research problems, with the intention of promoting a reciprocal integration of 

research with practice – a kind of engineering that connects research findings and principles to applications 

in educational settings. 

 

Universal versus Culture-Specific Processes:  Examples of MBE Research 

 

The educational challenge in a globalized world will be to educate millions of children and adults 

with diverse needs in different locales (Battro, Fischer, & Léna, 2006).  The education of future generations 

will entail trade-offs, not only between quality and quantity of resources, but also between global and local 

management. For example, information and communication technologies may help deliver services to 

distant communities, but assessment methods will have to be fine-tuned in order to monitor the quality of 

instruction and provide feedback on the success of the services. MBE research holds the promise of 

bridging cortex to classroom in the most diverse settings and cultures, because it can help us identify and 

teach to the needs of particular groups of learners. 

In the introduction we mentioned that one of the challenges for educating a global society of 

children would be to tease apart which aspects of development are universal to all learners and which are 

unique to particular learners, either because of their atypical neurological and cognitive development or 

because of the cultural or linguistic differences between different groups of children. To give a sense of 

how an interdisciplinary MBE approach can contribute to understanding these issues, we describe two 

examples from current research. First is the case of reading acquisition, a problem of paramount importance 

to education in multi-ethnic contexts worldwide, including atypical reading acquisition, known as dyslexia, 

in multilingual contexts. Second is cross-cultural research on recovery after hemispherectomy in two 

adolescent boys compared to their peers, to show how detailed work with individuals can inform our 

knowledge of universal principles of brain plasticity in relation to experience. In each example, we describe 

how an interdisciplinary approach that incorporates a neuroscientific perspective can contribute novel 

insights into the education of real children functioning in a globalized classroom context.   

Example 1: Reading Difficulties 



Given the escalating demands for rapid, accurate reading skills in our increasingly literate and 

computer-dependent society, it is essential to focus on the factors that influence reading. Reading involves 

a variety of processes that lead from visual letter identification to the comprehension of the content and 

context of the written word. Most psycholinguistic models of reading distinguish at least three levels of 

analysis involved in reading: orthographic analysis of the visual forms of words, phonological processes 

associated with the sounds of the language, and semantic analysis of the meaning of words and phrases 

(Katzir, Misra, & Poldrack, 2005). Many of us take the seemingly simple act of reading for granted. To a 

significant number of children across the globe, however, learning how to read is parallel to deciphering a 

highly enigmatic code. 

According to the National Center for Education Statistics (2003), close to 40% of U.S. fourth-

grade children score below grade level on reading assessments. An estimated 10 to 20% of children have 

been diagnosed with dyslexia, a learning disability signaled by serious difficulty reading, writing, and 

spelling (Lyon, Shaywitz, & Shaywitz, 2003). In the past two decades it has been well established that 

children with dyslexia often have difficulty with phonological processing. Specifically, dyslexic children 

often fail to develop an awareness that words, both written and spoken, can be broken down into smaller 

units of sounds (e.g., Stanovich, 1992; Wagner et al., 1994; Catts, 1996). These children experience 

difficulties with tasks that require the ability to segment the speech stream into phonemes or to blend 

phonemes to create words. Children with such difficulties in oral language are at risk for having problems 

learning the alphabetic principle, which involves knowledge of the rules of letter-sound or grapheme-

phoneme correspondence (Ehri,1998). These children usually have difficulties in accurately reading words. 

Research in educational psychology has advanced our knowledge about the identification, 

classification, and treatment of many children with reading difficulties (Lyon & Chhabra, 2004). However, 

despite this progress, controversy still remains in the field of reading research and practice. Great debate 

exists in the science and practice of reading in a few pivotal areas.  First and foremost is the controversy 

about how reading disabilities should be defined.  Second is debate about how to explain the causes and 

etiology of reading difficulties.  Third is the question of the most appropriate reading interventions that 

should be implemented in schools. Recently, researchers are increasingly demanding the use of multiple 

research methods in different settings to resolve these research questions (Lyon et al., 2001; Stanovich, 

2003; Vellutino, Fletcher, Snowling, & Scanlon, 2004). Lyon and his colleagues (2001) claim that many of 

the debates in the field can be informed and even resolved with converging scientific evidence. Stanovich 

(2003) calls for integration of knowledge from qualitative and quantitative research.  

A considerable body of evidence indicates that children with reading disabilities exhibit 

differences in both neural structures and circuitry when compared to non-impaired readers (Berninger & 

Richards, 2002). Comparative studies of average-achieving and challenged readers contribute to the general 

understanding of the brain regions and processes involved in normal and impaired reading. Specifically, a 

growing number of investigations have found regional associations between neurophysiological 

abnormalities and developmental dyslexia (Richards, 2001).  The growing consensus seems to be that 



dyslexic readers exhibit disruption primarily, but not exclusively, in the neural circuitry of the left 

hemisphere that serves language in most people (see Lyon et al., 2001 for review).  

 While neuroscience research is gradually informing educators about the underlying brain markers 

of dyslexia, the question remains as to how this information will change the current reading interventions 

for different children in diverse classroom contexts. In addition, it is important to acknowledge that 

dyslexia occurs among all groups, regardless of age, race, or socioeconomic status (Shaywitz, 2003), and 

across different languages, although its manifestations vary as a function of the transparency of the 

phonetic structure of the written language (Goswami, 2006).  

In the global context, no orthography appears immune to reading disorders. It is well documented 

that developmental reading disabilities exist all over the world (Breznitz, 1997; Holopainen, Ahonen, & 

Lyytinen, 2001; Tressoldi, Stella, & Fagggella, 2001). However, until the last decade, insights about 

dyslexia based solely on the irregular English orthography have been taken as applying to reading in 

general, even for languages with vastly different orthographies, which naturally require dramatically 

different diagnoses and interventions (Wimmer, 1993). For example, the biological root of dyslexia is 

widely attributed to the area of the brain called the left temporoparietal region, based on studies of adult 

dyslexics speaking Latin languages such as Spanish, French, and Italian (Paulesu et al., 2001). But research 

has focused on letter-based, alphabetic languages and ignored the very different writing systems of many 

other languages (Katzir et al., 2004).  

A study of Chinese children, reading in a literacy system based not on letters but on Chinese 

characters, used neural imaging technology to study the brain activity of 16 Chinese dyslexic children as 

they performed various language-based tasks (Siok, Perfetti, Jin, & Tan, 2004). For these children, the 

locus of the problem seems to be another area of the brain, the left middle frontal gyrus.  With an 

alphabetic language, reading is done sequentially: The letters are recognized and analyzed into a sequence 

of sounds, which are then matched to a known meaning. But with Chinese, the reading is more like parallel 

processing, in which the brain has to seize the meaning of the pictogram almost simultaneously with 

producing the sound of the word. The researchers believe their findings suggest that dyslexia may vary 

depending on the culture in which it is found. It may also suggest the need for different tasks to facilitate 

learning to read for dyslexics in different languages. 

Such findings argue against a simple biological unity hypothesis of dyslexia.  Dyslexia may vary 

with the language system or the teaching the child has encountered. For example, in English children are 

taught to ‘break the code’ of the alphabet, while the Chinese often encourage children to memorize 

characters. Dyslexia will manifest differently in different learners, depending upon not only individual 

cognitive differences but also linguistic and cultural considerations.  

Understanding how children’s developing abilities, including their developing brains, interact with 

language systems and teaching strategies will be crucial for teachers working with today's children in 

globalized classrooms. Two immigrant children in fourth grade, one from China and one from Latin 

America, may have reading difficulties for very different reasons. A child from China may have difficulties 



in understanding the alphabet code since she is used to memorizing whole words, while a child from Brazil 

who is very familiar with the Latin alphabet may have limited knowledge of English. A thorough 

assessment, informed by findings from both cognitive and neuroscience, can help a teacher understand 

whether children such as these have dyslexia, or are instead having trouble adjusting to a new language or 

writing system. Based on this assessment, teachers can develop more appropriate interventions for each 

child. 

Example 2: Cognitive and Emotional Plasticity after Hemispherectomy in Two Adolescent Boys 

A cutting-edge issue in MBE is how experience shapes the functional relation of brain and 

behavior (see Damasio and Damasio, this volume). Neuroscientists see the shaping effects of experience on 

brain process and organization and emphasize neural plasticity (Gage, 2003; Huttenlocher, 2002; Neville & 

Bavelier, 1998; Sur, Angelucci, & Sharma, 1999). One area where educators and developmental scientists 

see the behavioral manifestations of plasticity is the remarkable achievements of some children with major 

neurological problems or histories of traumatic experiences (Battro, 2000; Fischer, Ayoub, Noam, Singh, 

Maraganore, & Raya, 1997; Teicher, 2002). Analysis of children’s evolving skill profiles and 

neuropsychological abilities in relation to the cognitive experiences created by their cultural and 

educational environments can help uncover general principles organizing normal learning and brain 

function.  

 A good example of this approach comes from the study of two adolescent boys, Nico and Brooke1, 

each of whom suffered severe localized brain seizures during childhood that resulted in the surgical 

removal of an entire hemisphere of his brain. Amazingly, despite the poor cognitive prognosis generally 

associated with removal of a brain hemisphere, both Nico and Brooke are compensating to previously 

unexpected degrees.  Nico lost his right hemisphere at age 3, yet at age 14 he was a charming and sociable 

young man attending a mainstream school in Spain at grade level. (His family is Argentine, but moved to 

Spain after testing.)  Brooke, an American, lost his left hemisphere at age 11. But, despite predictions that 

he would never talk again, Brooke graduated from high school and began attending college part-time a few 

months after testing. 

Children like Nico and Brooke are currently extremely rare, but their successful compensation for 

extensive brain damage raises questions about the broader principles behind their adaptation. How have 

these boys compensated, and what do their cases imply about how their developing brains made sense of 

emotional and cognitive experience, given an extreme profile of strengths and weaknesses? (Of course, 

their successful outcomes may have been possible in part because of specific characteristics in their pre-

surgery neurological profiles.) To address these questions, we focus on analyzing one aspect of Nico's and 

Brooke's development – their use of emotional intonation (affective prosody) in speech (Immordino-Yang, 

2005).  

Based on Nico's brain morphology, a standard neuroscientific prediction would be that he would 

speak monotonically, with little intonational fluctuation or skill, poor emotional expression, and poor 

                                                           
1 Both boys asked that they be identified by their real first names. 



comprehension of other people’s pitch intonation. Brooke, on the other hand, was expected to produce 

normal amounts of intonation and emotion in his speech, as the right hemisphere of his brain, which is 

normally associated with comprehension and production of emotion and pitch, was intact. Contrary to these 

predictions, both boys were as competent as their peers in discerning tone of voice in sarcasm, a typical use 

of prosodic intonation in speech. In addition, both used a bit too much intonation and emotion in their own 

spontaneous speech, compared to peers. How could this be? 

Detailed analysis of their use of speech intonation or contour showed that both boys used atypical 

strategies, compared to younger and age-matched peers, to comprehend and produce emotional intonation 

in speech. In a series of experiments, Nico, Brooke and groups of matched comparison boys listened to a 

series of naturalistic story vignettes involving two characters speaking to each other in either a sarcastic or 

sincere way. These vignettes were recorded by native speakers of each boys’ regional dialect, and took one 

of two forms. In the first form, subjects heard either sarcastic or sincere stories with a report of a speaker’s 

response. For example:  

“John and Joe were playing soccer in the park. John kicked the ball towards the goal. The ball 
bounced off the goal post and hit John in the head, and he slipped and fell in a mud puddle. Joe 
told John it was a nice shot.” 
 

In the second form, subjects heard sarcastically ambiguous stories that ended with one character making a 

statement to the other in either a sarcastic or a sincere tone of voice. For example: 

“John and Joe were playing soccer in the park. John kicked the ball towards the goal. Joe said, 
“Nice shot!” 
 

After each story, subjects were asked to decide whether the final statement had been sarcastic or sincere, 

and to justify their answers and general comprehension of the story via a series of follow-up questions 

about whether Joe was being serious or funny, what had really happened in the story, and how the subject 

knew. Subjects’ discussion of the test stories was recorded, and several analyses were performed. After 

discovering the hemispherectomized boys’ abilities to recognize sarcasm both from context and from tone, 

investigations of how Nico and Brooke claimed they discerned speakers’ intents revealed that each was 

very atypical, and appeared to rely heavily on a strategy associated with his remaining hemisphere. That is, 

Nico seemed to categorize, in a pseudo-grammatical way, information that is normally emotional. Brooke, 

on the other hand, engaged in extensive musings about emotion and pitch fluctuation. These strategies left 

each with a set of strengths and liabilities in relation to their peers.  

Additional analyses of the intonation or prosody of the boys’ speech led to parallel results. 

Brooke, with his intact right or "emotional" hemisphere, produced relatively unregulated, unsystematic, and 

exaggerated intonation. Nico, missing his "emotional" hemisphere, appeared to be copying the pitch 

patterns in his language in a rote fashion, almost as if they were song melodies to be memorized and 

categorized. In this way, both boys appeared to be using their remaining strengths based on their surviving 

hemisphere to solve an otherwise unsolvable problem: imbuing their speech with appropriate pitch and 

comprehending the sarcastic conversational intents of others. Thus each boy adapted his capacities to solve 

a fundamental problem in speech intonation, even when this adaptation required processing intonation 



differently from the typical approach. An important background factor may be that Nico and Brooke grew 

up in highly supportive educational and family environments in which family members and teachers made 

exceptional efforts to help them develop important skills (Battro, 2000; Immordino-Yang, 2005); exactly 

how much these supportive environments enabled their good recoveries, even though prosody was not 

explicitly taught, is a question for future investigation. 

However, even at this point, these results demonstrate the flexibility that children show in 

adapting important tasks to their own strengths, even when that requires unusual ways of performing the 

tasks. In very specialized and supportive educational circumstances, a learner's particular 

neuropsychological strengths may shape his or her approach to learning, enabling the solution of problems 

in very atypical ways that circumvent a basic neuropsychological weakness or deficit. In effect, learners 

may change processing problems to suit their abilities, so that learners with different sets of 

neuropsychological strengths approach educational problems in distinct ways. In essence, individual 

learners transform a “common” developmental or educational experience, at times radically, to create an 

individualized adaptation based on their neuropsychological profile (Bernstein, 2006). 

This work has implications for education as well as for neuropsychology. For example, although 

we often assume that everyone perceives the same educational problems in the same ways – for example, 

an arithmetic problem is the same problem for everyone – Nico's and Brooke's cases suggest that people 

can approach even relatively low-level, apparently automatic processing in very different ways, given 

extreme developmental circumstances. In particular, it appears that both boys have compensated for lost 

abilities by transforming processing tasks that they “should not be able to deal with” based on their 

neurological profiles into qualitatively different problems that better suit their remaining strengths. If this 

approach holds true for children in general, it implies that educators and parents should think seriously 

about the various neuropsychological ways that tasks can be interpreted and processed. What is presented 

as a simple arithmetic exercise, for example, can in essence be a verbal problem to one child and a spatial 

problem to another. A third child may interpret it as an affective or social problem, just as Brooke 

interpreted discerning non-speech melodic pitch as an emotional problem, labeling pitch strings as "sad" or 

"happy" when he was only asked to judge whether they matched a prototype. 

Each of these children would be approaching the arithmetic problem from a very different angle 

that has repercussions for their performance. A neuropsychological approach to analyzing educational tasks 

can inform understanding of the possible strategies each child can use (Immordino-Yang, 2001). In 

bringing information about the neuropsychological organization of skills to bear on the design of learning 

environments, researchers and practitioners can improve education by understanding both the kinds of tasks 

presented to students and the various possible ways a learner can transform and interpret these tasks. 

Especially in a global age in which very different kinds of learners are lumped together in classroom 

settings, such insights from neuropsychology about differences in learning and performance can prove 

valuable for designing curricula and understanding different learners.  

 



Conclusion 

 

Responsibly Connecting Mind, Brain, and Education in a Globalized World 

 Society has great expectations, perhaps unrealistic ones, about the benefits of bringing biology 

into education. Scientists and educators are clamoring to make the connections in many ways, some of 

which will be productive and some of which may be disastrous (Bailey, Bruer, Symons, & Lichtman, 2001; 

Bruer, 1999). One important trap to be avoided is the assumption that laboratory science by itself will 

provide answers that can then be applied to education. A productive relation of education, biology, and 

cognitive science does not start in the laboratory, with direct application of scientific findings to classrooms 

and students. 

What is required instead is a reciprocal process in which education informs biological research as 

much as biology informs educational research and practice (Battro, 2000; Fischer, Immordino-Yang, & 

Waber, 2006; Gardner, 1983). The process should be similar to that in medicine, where medical practice 

informs biological research as much as biology informs medical practice. In education, reading a textbook 

is distant from reading a string of words in a reaction time study in a laboratory that measures brain activity 

with functional magnetic resonance imaging (fMRI). Results from such a different laboratory context 

seldom apply felicitously to the classroom. That is why so much laboratory research has failed when 

scientists have attempted to apply it to education. 

As a first step toward establishing collaborative teams of researchers and educators, intellectual 

dissemination of information should be facilitated. As educators, cognitive scientists, and neuroscientists, 

we have a responsibility to children to establish and maintain dialog among our respective fields. To be 

maximally productive, this dialog must go both ways. New information about the development and 

functioning of the brain awaits interpretation and judicious application in the classroom, while educational 

input and practical insights are essential in shaping new brain research. Indeed, the disciplines of education 

and neuropsychology are growing increasingly interdependent; and like the cousins from the country and 

the city, scientists cannot carry out good research, nor can educators carry out good practice, without 

interweaving these perspectives. Our discussion of how different language systems elicit different 

challenges to children with reading problems is an example of the types of information that are needed to 

break geographic and intellectual borders.  At the same time, these types of findings should not be 

overestimated until they are replicated and expanded into wider populations. 

Educational settings and tasks are essential for useful research in mind, brain, and education, just 

as medical settings and tasks are essential for useful research in biology and medicine. Laboratory research 

plays an important role in analyzing fundamental processes, but research in the settings of practice is key to 

application – the engineering of scientific findings to practical uses – and it is needed right now! Some 

scientists believe that it is premature to relate biology to education, claiming that education needs to wait 

for scientific breakthroughs that solve the deep questions of mind and brain. We believe instead that 

research from education will help to shape the breakthroughs of the future by informing basic biological 



and cognitive research about human learning and behavior in the educational and home settings where 

children develop and learn. 
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