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From the Editors 

 

Our journal was launched in 2018, with an eclectic collection of papers from 

various corners of our field. Now, we are delighted to bring you the second 

volume, which is every bit as varied as the first, from theory to practice, and 

even some experimental evidence looking for an application. 

This volume was made possible by a large number of people whose 

contributions we would like to draw attention to, namely the authors, the 

members of our growing editorial board (see p. 1), our line-editors, and 

proofreaders. In particular, we have drawn on the strength-in-depth of our 

sister publication, the monthly MindBrainEd Think Tank, also produced by 

the Mind, Brain, and Education Special Interest Group, to which we 

encourage all serious readers of this journal to subscribe. Our sincere thanks 

to all who contributed to the production of this volume. 

The diverse selection of papers in this volume include: a discussion 

by D. S. Bowyer concerning the light that can be shed on our current 

understanding of the brain by viewing it as a Complex Dynamic System; an 

examination, by John Duplice, of the extent to which the notion of desirable 

difficulties is compatible with Cognitive Load Theory, with particular 

reference to designing classroom tasks and selecting texts; an exploration, by 

Heather McCulloch, of what we mean when we think of a person as being 

introverted, followed by some practical advice for helping introverted 

students to shine, as well as suggestions on how to survive as an introverted 

teacher; and research results, from Will Hall, from the intriguing world of 



4 

binocular rivalry, which could lead to innovative, brain-based learning 

practices. In addition, we have an interview with psycholinguist Gareth 

Carroll, and an extended review, by Amanda Gillis-Furutaka, of a book 

about the contributions of Alan Baddeley to our understanding of cognitive 

processes. 

As you read through these pages, please consider contributing to 

Volume 3 of our Journal. We believe it to be an important venue for research 

and practice at the intersection of brain sciences and language learning. So, 

whether as a researcher, an interviewer, or a reviewer, your contribution can 

help the journal to grow and flourish. 

And now, in the words of Brain SIG coordinator, Caroline Handley, 

“make yourself comfortable and enjoy the journal.” 

 

Michael Kelland & Stephen M. Ryan 

Editors 
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The Gareth Carrol Interview 

By David Poole, Kindai University 

 

Dr. Gareth Carroll is a senior lecturer in psycholinguistics at the University of Birmingham (UK) 

with a particular interest in idiomatic and formulaic language in native and non-native speakers. 

I met him when he came to Tokyo as a guest lecturer for the University of Birmingham summer 

school (I was doing an MA in applied linguistics at the time). What a week it was, too! His 

sessions on considerations of figurative language and cognitive linguistics in the classroom were 

incredibly informative and practical. It was great to be able to hear him in person, and pick his 

brain over a drink after each day’s sessions had finished, too. 

He is not directly involved in research in educational settings himself, but his work is 

very relevant in that it helps us understand how people process language. Surely, if we 

understand how our students’ minds work, we should be able to better guide them in their 

learning. So, as the goal of the Mind, Brain, and Education SIG is to spread awareness of 

cognitive research valuable for teaching, I thought it would be great to get his work featured in 

the journal and for him to explain what he does. 

As I’m based in Osaka, I got in touch by email after he went back to the UK, and, luckily 

for us, he agreed to be interviewed. The following piece is the result of that conversation, and, if 

you’re interested in learning more, at the end of the interview, there are some suggestions for 

where to look. 

 

(David): Can you give us a brief overview of your background? It seems you have worked 

in multiple areas which must have helped broaden your knowledge base and experience. 

(Gareth): I work as a lecturer in Psycholinguistics in the department of English Language and 
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Linguistics at the University of Birmingham, UK. I’ve been here since January 2016. Prior to 

that, I completed an MA in Applied Linguistics and then a PhD at the University of Nottingham, 

which is where I got really interested in the psycho- side of things. My PhD research focused on 

how language learners process formulaic sequences (especially idioms) in English1, focusing on 

the influence of the first language and how this is used to help process and understand material 

in their second language.  

I’ve always been interested in language, and I originally did an undergraduate degree in 

Language and Linguistics, then, after a few years of doing other things, went back to do a second 

degree in Human Communication (Speech and Language Therapy). All of this has given me a 

broad knowledge base in linguistics, but specifically has given me an additional interest in 

language and the brain and the clinical side of things, i.e. how language can be impaired 

following stroke, or as a result of conditions like dementia.  

(D): That is quite a range! It is interesting that you have been more involved with the 

research side of things. Especially with the clinical work, it seems like you must have a real 

appreciation of the psychophysiological mechanics of speech in addition to theories of 

language itself.  

What are you working towards right now? 

(G): I’ve carried on the sort of research I was doing for my PhD by looking at idioms, but also 

broadening this out to look at figurative language2 more generally. I’m interested in how people 

process and understand figurative language, and in particular how they use things like context to 

help work out the meanings of phrases they’ve never heard before. I’m planning to do some 

work looking at this in older speakers, as a way of investigating some of the changes in reading 

and language processing that come with healthy aging. The next step is to apply this to both 

impaired populations, and second language users, to see how these skills develop, interact, and 

break down. I use psycholinguistic methods such as eye-tracking to help here, as this means that 
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we can manipulate aspects like context to see what readers do when they encounter figurative 

phrases as part of a broader piece of text. This work is part of a broader research agenda to better 

understand figurative language, and specifically how this is developed or acquired, and how it 

then breaks down. I think it’s such an integral part of how we communicate and think, and is so 

intimately tied to cultural elements, that it’s a very important thing to understand.  

(D): Yes, language can be used in a quite an opaque way, can’t it? Though often students 

wish the meaning was completely transparent!  

What individual factors can affect how a person processes such language? 

(G): Individual knowledge is a big factor, so it may be that people have a broader knowledge of 

the various senses or uses of a word and are therefore better able to understand it in more 

“extended” contexts. Cognitive flexibility and willingness to experiment seem to be important 

(Jeannette Littlemore at the University of Birmingham, 2016, has looked at metaphorical skill in 

language learners and found that this was the case). Other factors relate to things like individual 

knowledge of idioms, which is sometimes seen as relatively consistent but which actually varies 

a lot according to things like age, cultural knowledge, education and reading habits, etc. 

Cognitive factors like executive control—the brain’s ability to handle and manipulate multiple 

competing sources of information—might also determine how well people are able to infer the 

intended meaning in any given context. So this is quite a broad and multifaceted aspect of how 

we use language, and certainly a very interesting one.      

(D): Right, hopefully with this kind of research teachers can recognise individual 

differences and adjust their approaches more easily. It seems that a holistic assessment of 

each learner would be a good idea and I hope that language education research will move 

on from class-level analyses to individual-level ones to uncover these kinds of details. 

How do you think this could be of potential use to language teachers and their 

students? Hopefully awareness of the general pitfalls we are all at risk of, even in our L1, 
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would help us adjust our teaching appropriately rather than simply “teach more.” 

Conversely, working out what our strengths are would also help to build on them. 

(G): A lot of what I’ve done has been to compare native and non-native processing of things like 

idioms, and the main finding is that people do use a lot of knowledge from their L1 in very 

explicit and more implicit ways. This means that people already have a lot of figurative 

knowledge to work with, but also throws up a few challenges, for example if people make 

assumptions about the meaning of a phrase that is different in the L2 to one that they already 

know in their L1. Perhaps more challenging is when phrases have very close meanings but there 

are subtle differences due to culture, distinct underlying metaphors, etc. 

The work I do also highlights to me quite how much figurative and idiomatic language 

we actually use, so “native-like” learning (whatever we want that to mean!) requires huge 

amounts of input and exposure if aspects such as these are ever going to be mastered. From a 

teaching and learning point of view, this means that the more naturalistic input you can obtain, 

the better, but it would also be useful for teachers to consider things like differences in cultural 

metaphors that might lead to common misunderstandings. For instance, body part idioms may be 

based on certain ideas (in the Western World we tend to, metaphorically, think with our heads 

and feel with our hearts), but other languages and cultures may not have this same metaphor 

reflected in a lot of their phraseology.  

Ultimately, the work I’ve done highlights the hugely multiword nature of the language 

we use, and shows just how complex the representation of this in our heads has to be! 

(D): Yes, the L1 is often not considered, or its use minimised, in lessons. However, some 

researchers like Jean-Marc Dewaele say it has a use and produce research to support its 

use (see Dewaele et al., 2017). Bearing things like this in mind will hopefully help us to help 

students understand how meaning is packaged in other languages. 
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Are there any other psycholinguistic phenomena you think that teachers should be 

aware of?  

(G): There are a few general psycholinguistic effects that might be of interest, just in terms of 

demonstrating some aspects of how we use language. So, for example, priming in general just 

refers to how words automatically and very rapidly trigger all kinds of associations according to 

shared properties (semantic, phonological, etc.), This is a vital part of how we process language 

so efficiently. Other effects like the “Stroop” task (where a participant has to say what colour a 

word is written in) demonstrate the work that our brains are doing to actively juggle information. 

So, for instance, if we see the word “green” written in blue ink, we have to inhibit the word itself 

before we can state what colour we are seeing. This inhibition/selection is what is happening 

very rapidly all the time when we process natural language (e.g. to decide between two 

competing meanings for an ambiguous word).   

(D): Yes, I certainly agree that teachers should get to know well-known cognitive 

phenomena like priming and the Stroop test at least to understand that we are not perfect 

and there are consistent features of how we work. I think any introductory cognitive 

psychology textbook should give a good overview and some things can really be quite eye-

opening. 

In general, what theories and concepts do you think may be useful to bear in mind 

when attempting to convey meaning and processing it?  

(G): The broadly “usage-based”3 approach to language that has emerged in the last 20 years or so 

probably underpins a lot of my work. Here, all language knowledge is seen as emerging from our 

experience and use, and this helps us to conceptualise things like formulaic language (idioms and 

other phrases that I talked about above, but also collocations, speech formulae, etc.), and also 

more abstract things like Constructions3, which may be useful for understanding some of the 

very subtle elements of meaning in a language. In a recent chapter, Alison Wray1 asked “Why 
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don’t second language learners more proactively target formulaic sequences?”, and I think it’s a 

good question: we know that much of what we say and mean is conveyed not in the individual 

words themselves but in combinations, but learners are (understandably) reluctant to just 

assimilate phrases or “chunks” without analysing and understanding them. On the other hand, 

such an approach may be helpful in understanding how children develop their first language, so 

there’s a lot to consider when we try to get our heads around language use and language learning. 

I think just being aware of the fact that language–at both an individual and overall level–is a 

complex dynamic system is an important realisation! 

(D): Maybe more could be done to convince students of the benefits of doing so, as well as 

teachers to present such content? Hopefully the research will filter through and be adopted 

if it’s evidenced as beneficial. I suppose publishers play a part, both producing textbooks 

and supporting teachers with materials for them to use. 

Where do you see psycholinguistics heading at this point in time?  

(G): I see myself as a linguist who has become interested in psychology, rather than the other 

way around, so one of the things I’ve seen since I’ve been working in this field is that more and 

more linguists have become interested in the experimental side of things. Applied Linguists have 

started to dip their toes into methods like eye-tracking (for example, recent work on applying 

eye-tracking to language testing–Conklin et al., 2018–and other areas), and one of the challenges 

is to make sure that the rigorous standards of experimental design that are so common in 

psychology are also applied as we become a bit more creative in our approach. So I would say 

that in general, there has been a broadening of the methods (not least because technology means 

they are more commonly available), which has helped to bring disciplines together. As above, 

the understanding of the dynamic nature of language use–and especially second language 

learning and use–has helped us to understand that there are lots of facets of language that have 

received relatively less attention. So, for example, in my own area, there has been lots of great 
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research on idioms in terms of things like their semantic properties (how decomposable a phrase 

is, and whether it can be understood as a function of the component words), but recently people 

have also started to consider dimensions such as the emotional value of a phrase, how much 

sensory experience it evokes, etc. I have a colleague (Dr Bodo Winter) who looks at the sensory 

side of language, and in general the emerging field of “Embodied Cognition”4 is a very 

interesting one. Understanding more about how language is intimately joined to other aspects of 

how we interact with the world is a really interesting area, and one that will only become more 

important, I think.  

(D): I have also seen interdisciplinary research becoming more common. Education in that 

way seems like a good match for psychology in the same vein as the “scientist-practitioner” 

model. Teachers can bring the research out of the lab to further investigate phenomena and 

use it to help students. 

Is there anything in the field you think needs more work? 

(G): Plenty, and some of the emerging work I’ve touched on above is at the forefront of this. I 

think an important question is to start looking at some of the areas of research in language 

learning and teaching across the lifespan, to see how things might change as people get older. 

You’re right that bringing research into the classroom is an important development, and in 

general broadening our scope and aiming for bigger, more representative studies can only be a 

good thing.  

(D): I suppose a lack of relevant research should actually be seen as an encouraging sign for 

aspiring researchers as there is such a wide scope for entry into the field! Hopefully in ten 

years, which I reckon is a reasonable length of time for several rounds of PhDs to be 

completed, there will have been many more developments and acceptance of this kind of 

work as necessary.  
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Do you have any advice for teachers interested in getting involved in the field? 

(G): There is plenty of value in understanding more about the psychology of language, and what 

this means for teachers and learners can be very broad. Some people approach this from the 

point of view of motivation, learner attitudes, etc., so if this is what you are interested in, there 

are plenty of opportunities to do research based on your own learners, how aspects of the 

learning experience relate to achievement, etc. For the processing side of things, it’s perhaps a bit 

harder to dive into experiments if you don’t have the experience (or equipment!), but that’s not to 

say that you can’t learn a lot about how people develop language competence, how this matches 

up to their L1, etc. So I would just say the more you can start reading in terms of actual studies, 

and the thinking behind these, the better, and this in turn might lead you to want to run some 

research of your own. There’s plenty of ways that we can collect data without needing a lab, and 

you can download free software to run things like reaction time experiments and the like that can 

be used to investigate a range of questions. 

It’s also helpful to understand some of the aspects of how we process language, as this 

might directly help in terms of how teachers present ideas to learners, or help them to appreciate 

the difficulty learners might face. For example, knowing that we apply “categorical perception”5 

to classify sounds according to what exists in our first language might help us to understand the 

difficulty a learner has in acquiring a sound contrast in English that just doesn’t exist in the L1. 

This is a really early development in babies, so takes a lot of practice to overcome when learning 

a new language. Or understanding how we represent words in networks, and how these might 

differ between languages, could be a useful way of explaining why some words operate as they 

do, and why this isn’t always as logical as we might expect. Knowing a bit more about these 

kinds of things, as well as having some idea of the work that has helped us (as a field) come to 

these conclusions, can only be a good thing.  
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(D): It is interesting that you have made frequent references to awareness of the effects of 

the L1. I can imagine school teachers from the same country as the students would bear 

this in mind more as primary and secondary education takes a more holistic perspective. 

Those teaching at universities, probably especially those from a different country who 

don’t speak the L1, may not have the same grounding. 

Some people might consider you an “early career researcher,” having become an 

academic fairly recently, and you are also supervising postgraduate work yourself now. Do 

you have any general tips for making it through a course of study? I have seen the advice 

“Don’t work with children” mentioned in psychology, though often so as to refute it! 

(G): I am early career, but postgraduate supervision is already an important part of what I do, and 

is a good way to develop my own research interests in different directions. I would say that 

whatever you are studying (and especially if you are doing your own research), make sure it is 

something that you are genuinely interested in. There will always be peaks and troughs, so being 

invested in your subject helps you through the times when it might all seem a bit more 

overwhelming! Be open to new ideas, methods and approaches, and enjoy your research–I 

certainly do! 

(D): With the amount of time and effort required (and money, if you’re self-funded) 

motivation is certainly going to be a deciding factor! The more intrinsically attached you 

are it’s probably going to be easier to keep going. 

Well thank you for your time, Gareth, and I certainly hope our readers will take 

your advice to heart!  
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The Language Learning Brain as a Complex Dynamic 

System 

 

D. S. Bowyer 

Nagoya Gakuin University 

 

Abstract: Since the publication of Larsen-Freeman’s seminal 1997 paper on language as a 

complex dynamic system, Complex Dynamic Systems Theory has gained significant traction as 

one of the grand meta-theories that may be able to explain what how language is created. It also 

holds great promise in helping us to understand how learners develop their LX. However, CDST-

based explanations of LX development typically fail to take account of the human brain and its 

possibilities and limitations. According to the evolutionary biologist P.T. Schoenemann (1999), 

models must be able to draw a connection between language and the biology of the brain in 

order to be valid. This position paper seeks to further our understanding of LX development by 

applying CDST to what we already know about the brain, and in so doing highlight potential 

areas for future research. 
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Introduction 

Any researcher or teacher familiar with the many theories of language development will likely 

have seen the word “complex” thousands of times during their academic life. As an example, the 

March 2020 edition of the JALT Brain SIG journal MindBrained Think Tank+ (Ryan et al.) 

contained the word ten times in that single edition alone. I am sure that this is not surprising to 

the reader, as the brain is a highly complex organ connected to our even more complex body, 

through which we experience our rich and varied lives. Before continuing, it is perhaps 

necessary to consider what “really complex” means. Although there are several possible 

interpretations, the Collins (2020) online dictionary describes complex as an adjective that means 

“has many different parts and is therefore often difficult to understand.” Picture a city highway 

system or a colony of bees. These are both complex systems that involve many interrelated 

moving parts. Complexity is an inescapable feature of our world, and this has far-reaching 

implications for research. Indeed, theories of complexity and of complex dynamic systems 

(CDS) have had profound effects in areas as disparate and far-reaching as business, education, 

psychological research, and the weather (Fernandez et al., 2010; Geetha & Nasira, 2014; 

Ghaffarzadegan et al., 2017; Levy, 2000). However, despite rapid advances in neuroscience, 

language-focused complexity research has not yet taken advantage of this new evidence. This 

discussion paper aims to evaluate the appropriateness of a Complex Dynamic Systems Theory 

(CDST) approach to the study of second-language learning and the brain. This will be done by 

first examining the evidence for the brain’s language learning systems as a complex dynamic 

system, based on recent neuroscientific research. This will be followed by a discussion of useful 

conceptualizations of the language-learning brain based on CDST and current neuroscience 

research, with the aim of showing that CDST is an appropriate framework for developing our 

understanding of language and the human brain. This is followed by a discussion of some useful 

conceptualizations of language learning that the CDST model provides, and a discussion of the 
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current state of related research. 

 

The Evidence for Complexity in the Brain 

Complexity theory has gained popularity within language research in recent years due to its 

ability to connect seemingly un-reconcilable areas of LX research, such as Sociocultural Theory 

and the various cognitive approaches, under one meta-theoretical umbrella (Ellis, 2019). 

However, few researchers have made the attempt to situate CDST research within the brain. 

Schoenemann (1999) has pointed out that models of language need to be connected to the human 

brain in order to be useful. All CDSs share several key characteristics, such as the presence of 

subsystems, making it relatively straightforward to determine whether or not a particular 

phenomenon is a CDS. Lowie (2012) has outlined three common features of CDSs that are 

particularly relevant to second language acquisition: (1) embedded subsystems; (2) self-

organizing state space; and (3) non-linear development. Perhaps these three features are a good 

place to begin the process of considering whether or not CDST is an appropriate framework for 

considering language and the brain.  

Embedded subsystems 

Firstly, we must consider the existence of dynamically interacting, embedded subsystems 

(Lowie, 2012). By this, it is meant that CDSs consist of a number of smaller systems, which may 

themselves be complex, and are connected to each other. These subsystems are not independent, 

and can both influence and be influenced by each-other, i.e. they are bi-directional. The 

commonly-used analogy is that of a flock of birds (Larsen-Freeman, 1997), where the ever-

changing shape of the flock is caused by the constant interaction of the birds with each other and 

with their surrounding environment. Because of the large number of interconnected moving 

parts, dynamic systems can be very difficult to predict, and may suddenly change in surprising 

ways. 
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As alluded to above, CDSs are fractal in nature, meaning that each subsystem is itself a 

CDS. Zooming in or out on the system will unveil a different level of the system, but it will still 

be a CDS. Staying with the flock analogy, the birds themselves consist of various interconnected 

subsystems, such as the nervous system and the digestive system, each of which consists of 

interconnected tissues and cells, which are themselves made up of many smaller interacting parts 

(Lowie, 2012). We can see this embeddedness in the way that the brain is structured; the outside 

world is connected to the brain via the senses, and the brain itself consists of various 

interconnected structures, such as the amygdala and Broca’s area (Weis et al., 2019). These 

structures consist of billions of neurons, each of which may be connected to thousands of other 

neurons in cross-structure networks (Sporns et al., 2005), resulting in something in the region of 

1015 connections.  

Self-organizing state space 

Related to the connectedness of the subsystems, CDSs also display a high level of self-

organization. As the subsystems react with each other and the system interacts with the 

environment, patterns of change will occur (Larsen-Freeman, 2006). In nature, for example, we 

see this in the way that the shape of a river becomes more S-shaped over time, as the water in the 

river interacts with the riverbanks. In the brain, we see evidence for this behavior as someone 

learns a new word and begins to associate a set of sounds with a particular meaning or set of 

meanings, leading to neurogenesis and a change of state in the neuronal networks (Li et al., 

2014). As the learner picks up more language, neurons continue to become connected in new 

ways and an LX system emerges. These changes are significant enough that we can see 

corresponding changes in the grey and white matter of the brain, using fMRI scans (Li et al., 

2014). 

Non-linear development 

An important aspect to the nature of CDSs is their chaotic unpredictability (Lowie, 2012). Due to 
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the importance of initial conditions, the ever-changing relationships between subsystems, and the 

interaction of the system with the outside environment, it can be difficult to make long-term 

predictions about how the system will develop. Weather predictions, for example, are usually 

quite accurate for a period of one or two days, but become more and more unreliable the farther 

ahead they try to predict. From an LX perspective, we can be fairly confident that someone who 

attends a new language class will learn how to say hello and goodbye, but beyond that it quickly 

becomes difficult to make longer-term projections of what will happen to the LX system. In the 

brain, chaos is a feature at all levels, from the individual neuron all the way to the behavior of 

the left and right hemispheres (Díaz et al., 2018; Korn & Faure, 2003). Even our brain waves 

during sleep display chaotic behavior, with the oscillation between ordered and chaotic brain 

wave states being integral to the pruning and consolidation of our memories (Steyn-Ross & 

Steyn-Ross, 2017). Anecdotally, we can see further evidence for this chaotic unpredictability in 

our own children. Surely nobody knows a child better than that child’s own parents. Yet despite 

this, how many parents are able to successfully guess how their children’s lives will turn out? 

While certain predictable patterns of behavior might emerge, our children’s brains are simply too 

chaotic, too complex and too interconnected with the world for us to be able to know with any 

degree of certainty. 

 

Useful Conceptualizations of CDST and the Language-Learning Brain 

If one takes the view that the organization of the brain’s LX system is a complex dynamic 

system, as the evidence discussed above seems to suggest, then several helpful CDST-based 

conceptualizations come to light that address some of the outstanding issues in LX learning 

research. Firstly, the chaotic unpredictability of CDSs means that they can move from an orderly 

state to a chaotic one, and vice-versa, when energy is applied to the system. From an LX-brain 

perspective, this suggests that learners should go through phases of ordered and less-ordered 



21 

states, meaning that their LX systems will not improve linearly, but will go through phases of 

relatively higher and lower proficiency (Larsen-Freeman, 2006). If we take CDST to be true for 

the LX brain, then learners “do not progress through stages of development in a consistent 

manner” (p. 593), but instead experience varying states of more or less proficiency in all areas of 

the LX as they adapt to their environment. Based on this, we should expect learners to go 

through shifting phases of proficiency, where they appear to suddenly regress in some areas 

while improving in others. The well-known U-shaped model of LX feature acquisition may be 

evidence for this (Ellis, 2008, pp.70-71). However, this model is based on research that 

examined specific grammatical features. Potential future research examining a wider set of 

language features over longer time periods would likely be able to uncover much more about the 

issue.  

Interconnectedness 

As learners receive new input and gain new experiences, their neurons make new connections. 

Over time these connections will be iterated on and refined through positive and negative 

experiences and, importantly, through sleep (Chialvo & Bak, 1999; Steyn-Ross & Steyn-Ross, 

2017; Urbanczik & Senn, 2009), and the system will settle in to a more ordered, less error-prone 

state. However, as experience and learning are ongoing processes, the brain may be improving in 

one area while simultaneously regressing in others, as different subsystems sometimes compete 

with each other. At other times these subsystems may synergize, leading to faster learning 

(Spoelmann & Verspoor, 2010). This uneven, messy LX learning is exactly what we see in real 

life, as learners’ LX proficiency goes through repeated peaks and troughs as they learn and 

change (Ferrari, 2012; Larsen-Freeman, 2006; Zheng, 2016). Research in this area has not yet 

been able to clarify which subsystems are competitive and which are supportive, with many 

conflicting results. As an example, Larsen-Freeman’s (2006) research examining oral and written 

competence seems to indicate some competition between fluency, accuracy, and complexity, 
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whereas Vercelotti’s (2017) does not appear to show any. This is sure to be a vibrant area of 

research over the coming years. 

Initial conditions 

Continuing with the theme of 

change over time, the constant 

dynamic iteration of CDSs based 

on both their initial conditions 

and the iteration of the system 

over time (see Figure 1) provide 

predictions for LX learning. If the 

brain’s LX system is a complex 

dynamic one, then the initial 

conditions should have an effect 

on how the LX develops. The 

way that the subsystems and the 

overall system change and evolve 

should be influenced by the initial 

system and context. In Figure 1, 

we can see that system A, which 

evolved from the initial system, contains an extra subsystem. In the third iteration, System B, the 

extra subsystem has grown larger and two more subsystems have been added, while one 

subsystem has disappeared from the bottom-right corner. We see this in, for example, the way 

that bilingual people are able to learn new vocabulary more quickly than their monolingual peers 

(Kaushanskaya & Marian, 2009). While the authors were unable to determine the exact causes of 

this effect, a study by Mechelli et al. (2004) may provide the answers. This second study found 

System A 

System B 

Initial System 

Figure 1 

Visualization of an Iterative System 
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that learning a second language led to increased grey matter in the inferior parietal cortex, and 

further that the volume of grey matter correlated with increased language performance. This 

shows that bilingual learners have a head-start when learning a new language, as they already 

have a larger set of language-related neuronal networks than monolingual speakers. There are, of 

course, a virtually unlimited number of factors that could be considered initial conditions, all of 

which have the potential to alter the development of the overall LX CDS within the brain. 

Iteration 

Beginning with the initial conditions and moving forward, every new iteration of the system will 

be based nonlinearly on what came before (Larsen-Freeman, 2019). This means that LX learning 

happens through iteration of the neural networks that already exist in the brain. Stated simply, it 

should be easier to develop one’s ability in the LX based on what one already knows, rather than 

trying to learn completely new language. Consequently, LX learning should be faster when it is 

personalized to the individual. There is tentative evidence for this in neuroscience studies such as 

that conducted by Chai et al. (2016), which found that LX progression was faster in learners who 

had more neuronal networks in areas of the brain associated with language. However, current 

brain scanning techniques such as fMRI are not capable of telling us exactly what knowledge 

specific neuronal networks represent, making it difficult to directly test connections between 

prior knowledge and language learning. However, there is good evidence for the increased 

efficacy of personalized learning methods over traditional ones, particularly when it comes to 

vocabulary (Chen & Chung, 2008; Chen & Li, 2010; Hsu et al., 2013). As brain modelling and 

imaging technologies continue to improve, I am hopeful that we will soon be able to peer into 

the brain in order to test these ideas more directly. 

Emergent behavior 

One of the key issues in language research, and an early feather in the cap of Universal Grammar 

over some of the other theories from the same time period such as Behaviorism, is the issue of 
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the poverty of the stimulus. Since its original discovery by Chomsky, the ability of learners to 

acquire grammar above and beyond what they have been exposed to has been argued by 

Universal Grammar proponents as clear evidence for a specialized language area in the brain 

(Cook, 1989). However, CDST provides us with an alternative explanation to Universal 

Grammar that fits more closely with what we now know about the brain. Although studies have 

shown that some parts of the brain are principally responsible for certain aspects of language, 

such as the frontotemporal system being strongly associated with syntax, we now know that 

language involves many parts of the brain working together (Campbell & Tyler, 2018). If the 

networks of neurons responsible for language are a CDS, then continual, chaotic iteration within 

the CDS and between the CDS and the outside world, will inevitably lead to emergent language. 

Our neuronal networks are constantly being reshaped and refined as new synaptic connections 

between neurons are created and deleted (Arango-Lievano et al., 2019; Li et al., 2017). Based on 

this evidence, it is to be expected that our brains will find new ways of using language and/or 

invent new parts of language in order to better communicate our thoughts. 

Competence and performance 

Regarding the difference between LX competence and performance, CDST and neuroscience 

bring an interesting angle to the issue. Typically, competence has been described as underlying 

language knowledge, while performance is treated as the ability to employ that knowledge in a 

given context (Waring, 2018). A few years ago, I got into a series of debates with a frustrated 

colleague over our students’ poor retention of what they had been in taught in English classes. 

By his way of thinking, if students had “learned” something in class, they should be able to 

recall and use that language without issue in future classes. To his frustration, many students 

seemed not only to be unable to use what they had been taught, they did not even remember 

much of it. The problem with his way of thinking is that he viewed the brain as being roughly 

analogous to a desktop computer; information comes in, is stored, then can be used at will. 



25 

However, brains are enormously complex networks of interconnected neurons. They are not at 

all analogous to processors and hard drives. For learning to occur, synapses must be created 

and/or strengthened (Yee et al., 2017). As the famous Hebbian phrase goes, “neurons that fire 

together, wire together” (Hebb, 1949). In the same vein, synapses that do not fire regularly are 

pruned from the brain’s networks by microglia cells (Bilbo & Stevens, 2017). In other words, our 

brains’ neuronal networks are in a state of dynamic homeostasis, with synaptic creation and 

deletion being dependent on what we experience and how frequently. 

Addressing the competence/performance issue using CDST jargon, one might say that 

the neuronal system iterates upon itself. In order for this process of iteration to lead to learning, 

the system must have copious real-usage experiences that allow the system to learn how the new 

language can be used. If learners are repeatedly exposed to, and repeatedly given opportunities to 

use language, then appropriate neuronal networks will be strengthened, and learners will become 

more proficient. If learners do not receive enough opportunities with new language, then those 

parts of the brain’s networks may be pruned and forgotten. Nation (2013) has stated that learners 

need something in the region of twenty exposures in order to learn new vocabulary, and even this 

number does not take into account the long-term pruning of unused synapses. Viewed from this 

perspective, the ideas of competence and performance begin to lose their original meanings, as 

the CDST-brain perspective shows that both of them are impermanent snapshots of what is 

currently happening inside a learner’s brain. 

Language fossilization 

The ability of neurons to alter their relationships to each other, and of the brain to create new 

neurons via neurogenesis, are key to learning and memory (Deng et al., 2010; Titley et al., 2017). 

Were these things not possible, our brains would remain in the same state throughout our lives. 

This ability to change is also key to the brain’s functioning as a CDS. If iteration were not 

possible, then there would be no dynamic system and thus no change over time. Fortunately, 
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most of us are blessed with a brain that is capable of learning from and adapting to the world 

around it. Because of this never-ending iteration, we cannot say that there is a definitive end-

state to LX learning (Larsen-Freeman, 2017). For evidence of this, one simply has to look at the 

constant changes that occur in our mother tongues, particularly with the recent explosion in 

social media usage (Grieve et al., 2018). Our brains are constantly finding new ways to better 

communicate their thoughts and feelings based on the affordances of our environment.  

The iterative mechanisms in the brain that imply no end-state to language learning also 

provide us with a solution to another common issue of theories of LX acquisition; LX 

fossilization. This well-documented phenomenon occurs when a learner of a second language 

appears to stop progressing in their LX development, and perhaps even regresses in some areas 

of their language use (Finneran & Han, 2019). From a CDST standpoint, this is not at all 

surprising. As a CDS, the networks of neurons in our brain are constantly being iterated upon 

based on our experiences. However, once we reach a point where our LX system is effective at 

doing the things that we need it to do in our daily lives, the multiple experiences necessary for 

iteration to occur may no longer be present. Over time, this may lead to the system iterating 

away parts of the LX which are not used, a process described earlier in this paper, leading to 

regression in these areas (Arango-Lievano et al., 2019; Li et al., 2017). I have been experiencing 

this myself for the past several years; daily conversations in Japanese with my wife have, if 

anything, led to an improved ability to communicate about typical issues like shopping and the 

news. However, my ability to use business Japanese and my overall vocabulary have decreased 

quite noticeably as my microglia have iterated away the parts of the brain relating to LX that I 

have not used frequently enough. 

 

Conclusion 

Until relatively recently second language research has, by necessity, tended to treat language as 
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something which exists in its own sphere, rather than being situated within the brain. For many 

years we simply did not know enough about how the brain is structured to be able to make direct 

connections between learning and brain functions. However, recent advances in neuroscience 

have allowed us to peel back the curtain and see what is really happening in the brain. Thanks to 

this, we are beginning to see multidisciplinary language learning research that is more clearly 

situated in the brain, of which CDST-related research is but one area. Ellis (2019) has laid out his 

ideas for what might constitute an LX “theory of everything” that integrates neuroscience with 

various other theories of language learning. Elsewhere, Li and Grant (2016) have reported on 

recent research examining the connection between language learning and neuronal networks, 

which is sure to aid in deepening our understanding of language learning processes. 

The evidence presented in this article shows that CDST can tell us a lot about LX 

learning, allowing us to zoom in or out on different areas of the learning process while remaining 

aware of the wider context. Complexity-based research has already been used in the 

development of new treatments for brain problems, such as Alzheimer’s (Morgan et al., 2005). It 

is my hope that CDST-brain research can have an equally large impact on our ideas about second 

language learning and classroom practice. While a discussion of the wider implications of 

CDST-brain theory for research and practice would require several further articles, there are two 

particularly exciting areas that I would like to highlight. The first area is the potential for CDST 

modelling of language learning, particularly mathematical modelling, to revolutionize how we 

view the interaction between the mind and the LX environment. The second area is related to the 

interaction of subsystems and the potential for them to synergize with and/or interrupt each other. 

For example, we already know that positive emotions are generally associated with improved 

language learning outcomes, but are there situations where the opposite can happen, for example 

through over-excitement leading to an inability to concentrate? Research employing a CDST-

brain approach may be able to shed new light on these fascinating and, as yet, relatively under-
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explored issues. 
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Abstract: Two important theories of learning, Desirable Difficulties (DDs) and Cognitive Load 

Theory (CLT), play important roles in curriculum development and learning in general. This is 

also true for the second language (L2) learning classroom. While these theories have co-existed 

in learning sciences for decades, recently some researchers have raised questions about a 

possible conflict between them, specifically, whether CLT shows that DDs in some situations can 

be ineffective and possibly undesirable. This stems from CLT`s focus on reducing complexity in 

activities and DDs focus on adding more difficulty. This paper discusses this argument through 

brief introductions of the theories, the arguments around the challenge to DDs, and an analysis 

based on the literature discussed. In this analysis, the author argues the challenge to DDs has 

some merit which deserves further research, but currently there is a lack of evidence to support 

the claims made. Furthermore, the research literature on the effectiveness of DDs is currently 

strong enough to question the CLT claims described in this article.  
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Introduction 

This paper addresses an argument regarding whether the current state of the literature supports 

the idea that there is a conflict among two established learning theories, Desirable Difficulties 

(DD) and Cognitive Load Theory (CLT). The theory of DDs argues that making learning more 

challenging, by adding certain stressors or cognitive strain to learning, promotes long-term 

retention, referred to as learning in this article, while CLT argues that adding extra stressors and 

strain can cause cognitive overload and therefore inhibit long-term learning. This paper analyzed 

a recent argument by some CLT proponents (Chen et al., 2018; Sweller, 2017) that DDs may not 

be effective in long-term learning and can lead to an undesirable difficulty. It concludes that the 

CLT proponents’ evidence in some cases may have some merit for future study, but the few 

studies supporting it and the narrow focus of those studies are not currently strong enough to 

sway the current view of the efficacy of DDs. This is particularly true for second or other 

language (L2) learning, since the studies conducted by the CLT proponents are not specific to L2 

learning.  

 

Desirable Difficulties 

Desirable difficulties are described by Bjork (1994) and Soderstrom and Bjork (2015) as a 

situation or activity where something is made more difficult to encode or perform initially but 

this enables the learner to recall or do the task with greater capacity for long-term retention and 

application. The difficulty leads to a slowing down and deepening in learning of the material. It 

is important that the difficulty be desirable and not so difficult the learner cannot process the 

material or lose motivation or self-efficacy towards the target material. Importantly, just because 

something is made to be difficult or more cognitively taxing, does not necessarily make it 

desirable or mean it will improve long-term learning (Bjork & Bjork, 2011; Metcalfe, 2011; 

Persellin & Daniels, 2018). Common examples of DDs are: 
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• Spacing or distribution 

Spacing (distribution) is the spacing out of the study of a particular topic to allow for 

forgetting of material and for the subsequent struggle to recall or relearn. It is usually 

contrasted with blocked study (studying one topic in one long session, such as 

cramming before the night of a test). While the blocked method has been shown to be 

effective for short-term performance (Soderstrom & Bjork, 2015), spacing the 

learning has been shown to enhance longer term learning. The DD is produced by the 

forgetting between spaced study sessions and the resultant need to review or relearn 

the material subsequently. This leads to deeper learning than simply going over the 

material repeatedly without struggling to recall. Soderstrom and Bjork (2015) explain 

how the ability to recall the material will diminish extremely quickly without the 

extra step of spaced review and recall practice. 

• Interleaving  

Interleaving is switching between different topics or focus items during a study 

session rather than concentrating on a single topic or focus. Interleaving L2 

vocabulary could be done by mixing different word forms (verbs, nouns, adjectives, 

adverbs) rather than studying a single form in isolation. Didau describes interleaving 

practice as “working on multiple skills in parallel” (2015, p.227). Interleaving should 

be used for related material and not completely different subjects. Blocked practice 

on the other hand, focuses learning on a single skill or topic in repetition before 

moving on to a new skill and repeating the process (Didau, 2015). By blocking, 

students can more easily obtain quick, temporary gains but may fall into a fluency 

trap where the student and the instructor falsely see their performance as evidence of 

long-term learning. 
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• Generation and Retrieval 

The generation effect requires the learner to generate meaning instead of passively 

reading or observing material. The generation DD requires the learner takes an 

active, creative role when using the material to create (generate) an answer or idea. 

Examples in the L2 setting are: coming up with the learner`s own sentences, using 

target vocabulary; or generating a summary after completing a reading activity. The 

effects of generating knowledge over simply acquiring knowledge have been shown 

to be positive in improving longer-term recall (Bertsch et al., 2007; Dunlosky et al., 

2013; Richland et al., 2005; Zormpa et al., 2019). In one study focusing on L2 

learners, Barcroft (2009) conducted an experiment on 48 adult English language 

learners to see if the generation effect improves the learning of vocabulary and if the 

degree of generation affects the degree to which vocabulary is learned. The 

experiment used expository texts in two different versions, easy and difficult, with 

the difficult version including more challenging vocabulary that required the 

participants to generate or elaborate on the meaning. Barcroft found generation 

processing to enhance vocabulary learning. 

The Retrieval DD is closely related to the generation effect. It also requires 

the learner to take an active part in information production rather than reviewing 

passively. One difference between these two DDs is when processing reading. A 

passive learning method would be to just read the text and possibly re-read if deemed 

necessary. The generation method could be used to generate personal examples of 

what the text is about. Retrieval practice is an active learning strategy where the 

learners test themselves by trying to recall what the reading discussed. It could be 

something specific such as names or dates, or it could be more complex. such as 

retrieving from memory the content of a reading passage. Soderstrom and Bjork 
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(2015) explain that retrieval practice is effective when longer-term retention is the 

goal (e.g. L2 vocabulary), but less effective when the goal is short-term performance 

immediately or shortly after reviewing the material.  

 

Cognitive Load Theory 

Where DDs are focused on incorporating more difficulty into learning, CLT advocates reducing 

complexity and difficulty, with the goal of avoiding cognitive overload. Cognitive load as 

defined here refers to the amount of information pulling on one`s attention, or the demands that 

processing information place on working memory (WM) (Weinstein et al., 2018). According to 

Sweller`s explanation of CLT (1988) relating to education, we are limited to the amount of 

information that can be processed at any one time. It is therefore important to limit unnecessary 

or extraneous material to avoid cognitive overload (Weinstein et al., 2018). The theory argues 

that by limiting the load on WM, the learner will have more cognitive resources in WM to apply 

towards moving material from WM to longer-term memory. 

The foundation on which CLT is built is an understanding of human cognitive 

architecture (HCA). HCA is a description of the process humans use to process information 

(Tindall-Ford et al., 2019). According to HCA, there are two types of knowledge: biological 

primary (primary) and biological secondary (secondary) (Geary, 2008). DDs and CLT deal with 

just secondary knowledge, which specifically handles material that is learned intentionally (e.g. 

learning a second language in the classroom) and how information is processed, stored, and used 

(Kirschner et al., 2010). 

CLT differentiates taxing activities into two types (elements): higher and lower element 

activities. Higher element activities are more complex and produce a high cognitive load. An 

example of higher element activities in L2 learning is writing sentences requiring students to use 

new grammar, along with new vocabulary, while using different forms of conjugation. This 
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activity is considered complex because it requires the learner to keep multiple things in WM 

(new grammar, new vocabulary, and conjugation). Alternatively, lower element activities 

produce a lower cognitive load because the amount of complexity is limited. An example of this 

is learning a list of L2 vocabulary in isolation. It is important to point out that just because 

something is less complex, does not make it easy. The list of L2 vocabulary could be quite large 

and therefore difficult to memorize, but that does not necessarily make the task complex. 

 

The CLT Argument against DDs 

Some CLT proponents (e.g. Chen et al, 2015, 2016, 2018) argue that limiting the amount of 

complexity in learning to reduce the cognitive load can conflict with the theory of DDs. While 

Chen et al. (2015, 2016) found a clear advantage for DDs in less cognitively taxing lower 

element activities, they argue DDs do not show a consistent advantage in higher element 

activities and may be undesirable difficulties.  

Research support for the argument against DDs 

The CLT proponents provide some evidence for their argument against the efficacy of DDs in 

higher element activities. Some research studies have demonstrated that generation and retrieval 

DDs have failed to consistently produce clear advantages (Chan & McDermott, 2007; Chen et 

al., 2015, 2016; Greving & Richter, 2018). Chen et al. (2015) conducted a study on geometry 

instruction, looking into generation effect DD and how the efficacy differed when the level of 

complexity changed. The first experiment focused on learners having to handle higher element 

activities of geometry to get a foundation of knowledge. Once the students had acquired a basic 

understanding, a second experiment was conducted with a low amount of element activity and 

found benefits from the generation effect DD. These results were further supported by the same 

researchers (Chen et al., 2016) in a study on trigonometry instruction. In another study, Geving 

and Richter (2018) found mixed results on retrieval effect DD among university psychology 
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students. Their findings showed short answer questions had a retrieval effect advantage, but 

multiple-choice-question based assessment did not show the same advantage. This supports the 

claim that retrieval DD works in less complex, lower element activities but may not in more 

complex, higher element ones. It is important to note that none of these studies was conducted on 

L2 learning. 

In one study looking specifically at L2 and CLT, Nawal (2018) focused on L2 writing and 

found that L2 students were using higher element activities intrinsic to writing in L2, which 

imposed a high cognitive load. What is not clear from this study is whether the high cognitive 

load comes from the act of writing, the fact that participants were using L2, or a combination of 

both these two variables.  

The research findings and arguments made by Chen et al. (2015, 2016, 2018) and Sweller 

(2017) illustrate the complexity of learning. The number of variables involved in specific types 

of learning, learners, and the assessment make comparing these research findings directly to the 

L2 classroom problematic. CLT proponents describe there being benefit in using DDs for lower 

element activities but argue DDs may be undesirable for higher level activities. The studies cited 

here focused on generation and retrieval DDs and were not specific to L2 learners, except for 

Nawal’s (2018) on L2 writing.  

 

Strengths of and Research Evidence for DDs 

While the CLT proponents discussed in this article concur with findings that DDs have been 

shown to be advantageous in memory for lower element activities (Chen et al., 2018), studies 

have also illustrated advantages from using DDs in higher element activities. Rawson and 

Kintsch (2005) found increased learning among university students when implementing DDs 

into the prose of science and history. Additionally, Rohrer and Taylor (2007) found using 

distributed practice DDs in various mathematics exercises leads to greater long-term learning 
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than blocked practice methods. Other studies using more complex higher element activities such 

as logic and inductive reasoning also show advantages of using DDs (Kang & Pashler, 2012; 

Kornell & Bjork, 2008). 

The literature on how CLT and DDs theories interact is far from conclusive and can seem 

to conflict. The findings of the studies analyzed here on DDs in higher element activities 

examine different DDs (spacing effect and distributed practice) than those used in the CLT 

studies discussed earlier. Therefore, we have different studies in CLT and DDs among different 

student populations and disciplines coming up with conflicting analyseses of DD efficacy.  

Analysis of the research 

From the literature review we can see there are some theorists who posit that DDs and CLT are, 

at times, in conflict (Chen et al., 2015, 2016, 2018). They argue that the use of higher element 

activities and the effect this has on the learner`s cognitive load lead to inconsistent results when 

implementing generation and retrieval DDs. While they show some evidence of this, the 

evidence is limited in scope. The research findings cited by Chen et al. are limited to the 

mathematics classroom, which likely differs in learner background knowledge variability 

compared to the L2 classroom. In the one L2 related article, Sweller (2017) provides an opinion 

and description of CLT in the L2 classroom and describes negative effects of adding difficulty 

but does not provide specific examples refuting the efficacy of DDs.  

Another issue with the argument made against DDs in general is the focus on only the 

generation and retrieval (testing) DDs. DDs can be considered a set of tools where a certain tool 

works best for certain situations. While some DDs may add to complexity when used in certain 

ways, others (e.g. spacing) could allow for reducing the amount of content being reviewed in a 

single setting and therefore reduce one`s cognitive load. Furthermore, in direct relation to the 

math studies by Chen et al. (2015, 2016, 2018) spacing and interleaving math problems has also 

been shown to improve the learning of math in numerous studies (Rohrer, 2009; Rohrer et al., 
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2014, 2015). This further calls into question the arguments made by Chen et al. 

The efficacy of DDs in enhancing longer-term learning has been shown in numerous 

studies. Even CLT proponents (Chen et al., 2018), who argue in favor of limiting difficulty and 

complexity in learning, agree that there is substantial evidence supporting the use of DDs in less 

complex learning, where a low cognitive load is produced. To reiterate, the argument made 

against DDs is they are not effective in more complex learning that cause higher cognitive load 

and that they may have a negative effect on long-term retention. While the interpretation of the 

findings presented for this argument are relevant and should be further investigated, this analysis 

concludes they are not sufficient to support the claim that DDs and CLT are in conflict as 

theories. 

 

Conclusion 

This review and analysis investigated the claims that DDs and CLT are in conflict and that DDs 

may show negative results when used in more complex higher element learning activities. To 

date, there is a lack of studies done on L2 learners comparing CLT and DDs, opening the door 

for researchers and teachers to further investigate the efficacy of these theories in the L2 

classroom. While the findings and lack of L2 studies relating to a possible conflict of these 

theories may leave the impression DDs and CLT are not well established, this is not the case. 

Both theories have been tested in numerous contexts and have established strong support in a 

variety of disciplines on their own. What is needed are empirical studies investigating if and to 

what extent the effect differs between specific DDs and CLT on long-term learning in the L2 

classroom. Specific “apples to apples” studies are needed to compare the use of individual DDs 

(e.g. generation) on higher-element tasks with the same L2 material, without the use of target 

DDs limiting the cognitive load.  
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Embracing Introverts in the Classroom:  

A Guide to Helping Students and Teachers Survive 

and Excel 

 

Heather McCulloch 
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Abstract: Introverts are known for being quiet. Extended overstimulation 

can leave them feeling exhausted, needing solitude as a way to recharge. This 

feeling of being overwhelmed can be explained by the effects of dopamine 

and acetylcholine, information retrieval from short and long-term memory, 

and by reliance on one branch of the nervous system. Both introverted 

students and teachers may be overwhelmed during a busy day at school. 

There are tactics that teachers can use while teaching introverts and tactics 

that will help the introverted teacher survive a day at school and feel like a 

valuable part of the language education community. 
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Introduction 

Introverts are quiet. All they need is to be encouraged to come out of their shells. All a teacher 

needs to do is to tell them to “Speak up.” Right? No. It’s not that simple. Scientists have 

discovered there are significant differences between the brains of introverts and extroverts. These 

differences include how the body reacts to the neurotransmitters dopamine and acetylcholine, 

how quickly information is retrieved from the brain and which side of the nervous system is 

relied upon most often. 

Teachers are often bewildered by their students’ silence in the classroom. Some may 

consider this is due to laziness or apathy. At the same time, some teachers are skeptical of quiet 

colleagues who are uninterested in participating in office conversation. Quiet teachers who 

regularly seek solitude are often seen as unwilling to be team players. By understanding what is 

going on in the brain, we can have a better understanding of our students’ and fellow teachers’ 

personal needs.  

Both introverts and extroverts can make exceptional contributions to society. After 

understanding the physiological differences of introverts and extroverts, no one in the classroom 

or teachers’ room will be minimized or discounted. Instead, everyone will feel appreciated and 

valued. 

 

Why Are People So Different? 

Introversion, extroversion, and somewhere in-between 

There seems to be a lot of confusion about how to describe an introvert. Some may mistake the 

word as meaning shy (Aron et al., 2005). Many introverts are, in fact, shy, but this is not always 

the case. Bernardo Carducci, the director of the Shyness Research Institute at Indiana University 

and his colleagues say that surprisingly, it is possible to be a shy extrovert since their research 

has shown that there are more shy people than introverts (Henderson et al., 2001). This becomes 



48 

clear when we examine the origins of the concept. The Swiss psychiatrist Jung initially coined 

the terms introvert and extrovert (1923). These words describe where people get their energy 

from. This leads to the question: what is energy? Energy is what makes people feel refreshed and 

able to face the stresses of the day. The prefixes are the clue as to the differing sources of this 

energy. Introverts draw their energy from inside. It comes from large amounts of solitude, which 

allows them to recharge and reflect. Generally, extroverts seek energy from the outside world. 

This means that after a busy week at work or school they may enjoy a concert, a party, or a fast-

paced exchange of ideas with colleagues or classmates. On the other hand, as we have seen, 

introverts may seek something more low-key, focusing inward. They will most likely feel 

refreshed from a quiet walk alone, dinner with a small group of friends, or a quiet evening in, 

with a book (Winter, 1996). Helgoe (2013, p. 23) explains how introverts view solitude: 

“Solitude is not lack. As understood by Taoist practitioners, solitude is a ‘fertile void,’ an open 

door to a world overflowing with possibilities.” Introverts do not see solitude as a time of being 

lonely, but more as a time to be creative and productive. 

Though “introvert” and “extrovert” are usually used as dichotomous terms, people often 

lie somewhere on a continuum between the two extremes distributed in a bell curve. Thus, few 

lie at polar opposite poles.  McCrae & Costa (2003) estimated that between a half to two-thirds 

of the population are ambiverts. Ambiverts are the lucky majority that are able to feel 

comfortable in most situations, both stimulating and calming (Eysenck, 1971). 

Depending on the degree of introversion they may need more solitude than others. People 

near the “introvert” pole seek solitude, are focused, focus on goals, are good listeners, are 

observant, think before they speak, are drained by social gatherings, prefer working alone, prefer 

writing to speaking, avoid small talk, avoid danger, have conversations in their heads and are 

independent (Cain, 2014). 

Just as introverts are focused inward, on the opposite end of the continuum are the 
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extroverts who are focused outward. Wilt and Revelle (2016) explain that extroversion may be 

seen in behaviors such as being gregarious, talkative, confident, and risk-taking. Extroverts enjoy 

meeting new people and generally have a large circle of friends. They enjoy a fast-paced life 

with a lot going on at one time. When coming up with new ideas, they often prefer to talk 

through the possibilities.  

Ambiverts, in the middle, are comfortable speaking, but also enjoy listening. They are 

skillful in social settings, but also need alone time (Grant, 2013). This mix of traits allows 

ambiverts to be very empathetic, able to understand the feelings of those around them.  

 

Figure 1 

The yin & yang of personality 

 

 

 

 

 

 

 

 

Figure 1 shows how introverts and extroverts, working together, creates balance. 

 

Since personality is complex, the most introverted introvert will not be quiet in every 

situation. Extreme introverts, too, may enjoy a party or concert and the most extreme of 

extroverts may enjoy a quiet evening in, with a book (Csikszentmihalyi, 1997; Liu & 

Csikszentmihalyi, 2020). With that in mind, the above generalizations can be made. Some 
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introverts, for example, even the extreme ones, may identify with the majority of descriptors but 

not all. 

Dopamine vs. acetylcholine 

One of the main differences between the brains of introverts and extroverts is how both respond 

to the neurotransmitter dopamine. This is the chemical that gives pleasure and motivation to seek 

rewards (Berridge, 2007). Extroverts have a strong tolerance to this chemical, so they need more 

of it than introverts do to feel a buzz (Depue & Collins, 1999). In positive situations, this 

chemical can cause an extrovert to be the social butterflies that we all know and love. It also 

drives them to be very successful. On the other hand, this chemical is what makes extroverts 

prone to dangerous and risky behavior. Little (2014) claims that extroverts are more likely to be 

in traffic accidents. A study in Norway, conducted by Iversen and Rundmo (2002) found that 

those who scored high in sensation seeking also participated in risky driving, such as speeding. 

Participants rated high in risk-seeking reported more accidents and near accidents. Hammer and 

Copland (1999) explain that novelty-seeking, risk-taking people, such as extroverts, will seek 

more exciting experiences to give them the rush of dopamine that they need. This could be 

something as simple as listening to loud music in the car or more daring experiences such as 

bungee jumping. Conlan (1999) describes dopamine as a reward that thrill-seekers will want to 

repeat. This explains why extroverts have a constant need for outside stimulation. 

Further research has shown a connection between the DRD4 “novelty-seeking” gene and 

extroverts. This gene can be found on chromosome 11 and is one of the dopamine receptors (Van 

Tol et. al., 1992). Receptors act as docking stations for neurotransmitters like dopamine which 

transmits information to neurons (Watson et al., 2017). Results of a study done by Roussos et al. 

(2009) at the University of Crete show that a longer variant (allele) of DRD4 is associated with 

high novelty seeking and risk taking. Extroverts have been found to have the longer allele which 

leads to greater dopamine flow when having an exciting experience. 
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Because introverts are more sensitive to dopamine than extroverts tend to be, a little bit 

goes a long way. While a rush of dopamine will encourage an extrovert to do something risky, 

like speaking in class, it can make introverts exhausted or even annoyed. This can be seen in a 

study that found that introverts  exhaust themselves when trying too hard to act like an extrovert 

(Condon & Ruth-Sahd, 2013). Overstimulation is what introverts try to avoid. Introverts’ 

sensitivity to dopamine explains why they may leave parties early or might not even attend at all. 

Introverts, quickly feeling overwhelmed, seek solitude to recover from noise and stimulation. 

Being exhausted is not the only negative effect that dopamine has on introverts.  It can 

also affect an introvert’s ability to focus (Von Gehlen & Sachse, 2015). It was found in a study 

done by Gehlen and Sachse that the performance of introverts was lowered when distracted by 

noise due to increased levels of dopamine.  

Introverts find comfort from a very different neurotransmitter. While dopamine provides 

excitement and rewards, acetylcholine provides introverts with calm and relaxation (Laney, 

2002). This neurotransmitter, which was discovered by Dale in 1914 (Dale, 1914), is also linked 

to pleasure, but in a very different way. The functions of acetylcholine include slowing the heart 

rate, and it plays a role in memory and learning (Ridley et. al., 1984). This chemical aids in 

problem solving, reflection and decision making (Funahashi, 2001). 

Fonseca (2013) explains that acetylcholine works in the same way for introverts as 

dopamine does for extroverts. The difference is that introverts feel happiest when focused inside. 

Acetylcholine allows introverts to relax and think deeply, which is what they need to recharge 

from overstimulation. In introverts, there is a surge of this chemical when alone or with a small 

group of close friends. 

Motor and cognitive abilities rely on dopamine and acetylcholine (Kuo et. al., 2007). 

Parkinson’s is characterized as being caused by a deficiency, or sometimes total loss of 

dopamine (McKinley et al., 2019). On the other hand, the dopamine hypothesis of schizophrenia 
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is associated with hyperactive dopaminergic activity (Grunder & Cumming, 2016). Does this 

mean that introverts are prone to Parkinson’s and extroverts to schizophrenia? Studies have 

shown that there is no connection between personality and risk to either Parkinson’s (Arabia, et. 

al., 2010) or schizophrenia (Lysaker& Taylor, 2007). Personality does not show a lack, or 

hyperactivity, of dopamine or acetylcholine. Instead, it shows a sensitivity and the reaction to a 

sudden rush of one or other of these chemicals. 

If it is true that too much dopamine causes an introvert to become overstimulated and 

need an escape, it could then be assumed that after receiving a rush of acetylcholine, an extrovert 

would need to escape from a seemingly boring environment to a more stimulating one which can 

provide them with more up-beat pleasures and rewards. This could explain why extroverts, 

surprisingly, are more likely than introverts to fall asleep in a class or at a conference, since 

listening to a speaker does not provide them with enough stimulation 

Introverts retrieve information more quickly from long-term memory 

In The Introvert Advantage, Laney (2002) explains how introverts access information more 

quickly than extroverts from long-term memory. Because introverts have a longer, more complex 

neural pathway than extroverts, processing information takes a longer time compared to 

extroverts. When making decisions, introverts will weigh experiences both past and present to a 

higher degree. On the negative side, it could take introverts longer to answer even simple 

questions than their extrovert counterparts. According to Laney (2002), introverts also struggle 

with word retrieval more than extroverts. This means they find it difficult to find the right word 

to express their ideas, thoughts, and feelings, resulting in a longer response time. 

Extroverts, more so than introverts, are thought to have a good short-term memory, also 

known as working memory. Working memory is defined as the ability to maintain and process 

information (Conway et. al., 2007). Eysenck and Eysenck’s theory (1985) predicted that 

extroverts would perform better than introverts on short-term memory tasks, due to having lower 
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arousal levels. Since this prediction, there have been several studies which have investigated this 

claim. These include a study by Lieberman (2000) which found that extroverts had a better 

working memory than introverts, with shorter reaction times. In a further study by Lieberman 

and Rosenthal (2001), which examined 20 male and 44 female undergraduate students from 

Harvard University. Participants were seated in cubicles with a microphone and headset and 

asked to have a conversation with an unseen partner about a topic they had chosen. This study 

reached a similar conclusion as the previous one, finding that extroverts perform better in social 

situations due to a better working memory and not because of social expertise. Extroverted 

participants were better than introverts at multitasking during a conversation. These studies show 

that extroverts have a superior short-term memory with a faster response time, aiding in word 

retrieval, thus, being making them more adept in social situations than introverts. 

Introverts Rely More Heavily on One Branch of Their Nervous Systems 

The nervous system is a complex system that includes the brain, spinal cord, and nerves. It is 

divided into the central nervous system (CNS) and peripheral nervous system (PNS). The CNS is 

made up of the brain and spinal cord and the PNS is made up of nerves. The PNS can be further 

divided into three different subsystems: the autonomic, somatic, and enteric nervous systems. 

The autonomic nervous system can then be even further divided into the sympathetic nervous 

system and the parasympathetic nervous system (Standring, 2015).  

The autonomic nervous system, which includes the sympathetic and parasympathetic 

sides, is in charge of involuntary responses to situations around us (Schmidt & Thews, 1989). 

The two sides of the autonomic nervous system work together to change body temperature and 

heart rate. Everyone uses both sides of the system and, depending on the situation, one side or 

the other takes over (McCorry, 2007). The sympathetic nervous system is also known as the 

“fight or flight” system (Jansen et. al., 1995). This side of the system is needed when facing 

danger and doing physical activity and is, therefore, more active during dangerous situations. 
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When the sympathetic side of the nervous system is active, dopamine increases and the heart 

beats faster (Schmidt & Thews, 1989). 

 

Figure 2 

The Nervous System 

  

On the opposite side is the parasympathetic system. This system, known as the “rest and 

digest” system (McCorry, 2007), helps lower heart rate (Nunan et al., 2010) and aids in digestion 

(McCorry, 2007). This system is more active when doing things that help with relaxation, for 

example watching TV. When this side of the nervous system takes over, acetylcholine is 

released, helping the body feel relaxed (McCorry, 2007). 

Introverts are comfortable with the operations of the parasympathetic nervous system, 

which results in them seeking to access it more often (Helgoe, 2010). When this system is in 

control, acetylcholine rushes through the body making an introvert feel more relaxed, and calm 

(Laney, 2002).  
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Problems and Solutions 

For many, the ideal teacher and student is an extrovert. Extroverted teachers get students excited 

about learning. They motivate students to try their best. Extroverted students have their own gifts 

as well. While retrieving information more quickly from their short-term memory, they are able 

to answer questions quickly. Since, typically, they respond well to dopamine, they bring so much 

energy to a communicative language class. This is why both introverted teachers and students 

may feel overwhelmed in a language class and school in general. Introverted teachers may feel 

as if their administrators do not recognize their hard work. Introverted students may feel 

invisible and unnoticed in a class of extroverts who receive more recognition from a teacher who 

prefers more communicative students.  

Both introverts and extroverts are valuable assets to have in a class. How can teachers 

make introverted students and colleagues feel that their hard work has been seen? How can 

teachers incorporate techniques to bring out an introvert’s natural gifts in a language classroom 

where speaking is necessary? And how can an introverted teacher survive a day at school when 

feeling overwhelmed and unseen? 

How introverts are misunderstood and overlooked in the classroom  

University students lead busy lives. Many of them still live at home, possibly with chatty 

families. They leave home early to go to school. While on campus, they walk through busy 

hallways, eat lunch in noisy cafeterias, and attend lectures. After school, they rush to part-time 

jobs, possibly at a convenience store or coffee shop. They return home to families inquiring 

about their days. All of this stimulation floods the brain. For many extroverts, this may be 

exciting, making them feel alert and motivated. On the other hand, an introvert may feel 

extremely overwhelmed. They will need a place to rest and refuel or they will not be able to 

perform at their best. University campuses leave little room for resting and refueling. Students, 

who may already be overwhelmed before they arrive in the classroom, will be less eager to race 
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around interviewing as many people as possible as instructed by the teacher.  

One of the most debilitating factors in an introvert’s life is feeling the overwhelming 

flood of dopamine. Introverted students may feel a strong need to escape. This can leave them 

feeling exhausted and can be seen clearly in the language classroom. Introverted students may be 

too overwhelmed to speak, appearing quiet or even lazy. Typical introverts have only a limited 

amount of energy, so when it is drained, they will need a quiet place to restore this energy. If 

they are in a place where solitude is unattainable, as it is on many university campuses or 

schools, energy levels may not be able to be replenished. 

Many introverts are prone to overthink. A study by Helgoe (2010) shows that introverts 

have more electrical activity in the brain than extroverts, whether doing an activity or at rest. 

This indicates that introverts process more information per second that extroverts do. Having 

more information to cipher through could cause a delayed response. Being faster and more eager 

to answer questions in class, extroverts may appear more like go-getters, teachers are likely to 

assume the introvert is disengaged or uninterested in advancement (Hopper, 2003). 

Another misunderstanding often seen with introverts in the classroom is connected with 

their heavier reliance on accessing information in their long-term memories. This is a gift 

because introverts are better than extroverts at information recall. On the flip side, teachers often 

complain that introverted students are not able to answer questions as quickly as their 

extroverted classmates. Introverts may appear as if they do not know the answer, although their 

extroverted classmates do (MacFarlane, 2014). In reality, introverts need time to connect 

information and experiences that reside far back in their long-term memories. 

Survival skills for teaching introverts 

Gladwell (as cited in Bennis, 1997, p. 14) says, “None of us is as smart as all of us.” This and 

similar opinions have stimulated the idea of brainstorming in groups and collaborative learning. 

Ninty-one per cent of managers believe that teams are the cause of success (Morgeson et. al., 
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2010). Teachers, who prepare students for the workforce, even in the distant future, have 

followed suit. A survey of 1,200 teachers in 2002 found that 55% of fourth grade teachers in the 

US preferred cooperative learning (Barnes, 2002). For this, teachers often use brainstorming, 

which was originally created by advertising giant Osborn (1948). On the surface, the rules of 

brainstorming appear welcoming and non-judgmental and, if followed correctly, could be a 

catalyst for new ideas. Since Osborn’s time, this idea has been widely adopted by companies and 

schools. However, numerous studies have discovered that this process is fruitless. One of the 

first studies to show this, was done by Dunnette and colleagues (1963). Their study included 48 

researchers and 48 executives from the company 3M who participated in a two-part, problem 

solving activity, brainstorming in a group and brainstorming alone. Brainstorming, typically 

done in groups, can stimulate creativity when done alone where others do not mold ideas. This 

allows the brainstormer to not be inhibited by opposing ideas.  

Because introverts prefer working alone, if possible, the teacher should allow students the 

choice to work alone or with a partner. If a choice is given, the teacher might be pleasantly 

surprised when students put more effort into what they are doing. Students may do their best 

when working in a style that best suits them. With an activity such as brainstorming, often the 

ideas of the group are only the ideas of the strongest member of the group. This is fine if all 

members of the group have strong personalities. But when one member of the group is reserved, 

that person’s ideas will often go unheard. Giving students a choice to brainstorm in a group or 

alone makes it more likely to hear everyone’s ideas and not just those of one strong member of 

the group. 

In her book Quiet: The Power of Introverts in a World That Can’t Stop Talking, Cain 

(2014) suggests offering students a reflective pause after asking a question. This gives students 

enough time to think and process before answering. Having teachers wait has a negative 

connotation because teachers often feel uncomfortable while standing in front of a group of 
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silent students. Consequently, referring to it as a “reflective pause” feels more like contemplation 

and less like waiting uncomfortably. This not only helps introverts, but could also benefit 

extroverts as well, as they often answer questions without properly thinking deeply. 

Think-Pair-Share, created by Lymann (1981) at the University of Maryland, is another 

useful technique. Whenever possible, the teacher should distribute questions to students ahead of 

time, allowing them to properly think about their answers. Introverts who need more time for 

contemplation would appreciate this because the silence allows them to think deeply and feel 

calm from a surge in acetylcholine. Next, the teacher should pair them with one other student. 

Introverts are often more comfortable talking one-on-one. At this point, they will typically be 

more comfortable expressing themselves. Finally, share with the class. By giving students the 

chance to share their ideas with one student, they will then presumably be more comfortable 

sharing with the class. In some cases, introverts will still be unable to share with the class if the 

size of the class is large. 

Participation scores are often based on how much a student speaks in class. However, 

those who are feeling anxious about this task might be unable to speak up even if their grade 

depends on it. Basing participation scores on the quality of what students say and not on the 

amount they speak in class will encourage all students, both introverted and extroverted, to 

reflect on their ideas and have a better crafted response. By weighing quality as well as quantity, 

quieter students can also be successful at participating in class. Participation scores do not need 

to be solely based on speaking. They can also be based on alertness, attendance, and willingness 

to follow directions. 

Kim (2002) reports that teachers of Asian students in the United States have been 

disappointed at the silence of their students. They attempted to encourage students to speak to 

make them ‘better’ thinkers. Bruner (1996) asserts that talk signifies thinking and is a way to 

bring everyone together. This leads people to believe that this opinion is held by everyone, 
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including many teachers from the West. Kim (p. 840) adds that, “the meaning of students’ silence 

can be the engagement in thoughts, not the absence of ideas. Perhaps instead of trying to change 

their ways, colleges can learn to listen to their sound of silence.” 

The most important quality a teacher needs to bring to class when teaching introverts is 

understanding: the understanding that some students can be overwhelmed by crowded halls and 

noisy cafeterias, and the understanding that such students may be exhausted and unable to give 

their best. This is more obvious in extreme introverts. Introverts do not take time away from 

people because they are antisocial or do not like the people around them. They take time away so 

that when they return to people, they are more able to give the best side of themselves. 

The struggles of being an introverted teacher 

Teaching is a difficult job that requires an abundance of energy. Introverts may struggle more 

than most with keeping energy levels up while continuing to work in an environment more 

suited for extroverts. If an introverted teacher struggles with unannounced office visits or 

conferences, the struggle stems from the same source: dopamine overload. Many duties of a 

teacher require them to be “on” all day and this can take a toll on an introverted teacher. 

One of the biggest complaints of highly introverted teachers is being overstimulated and 

exhausted by people. Teachers go from classes to teachers’ rooms to meetings. All of this 

interaction usually leaves teachers feeling drained. Like over-stimulated students, teachers may 

feel an overwhelming desire to escape. To other teachers, introverted teachers seeking time alone 

may come across as being antisocial or even depressed. Fellow teachers may see the introverted 

teacher as rejecting the group and unwilling to participate in office chit-chat, unlike more 

outgoing extroverted teachers. 

Just like so many professions around the world, there is a strong emphasis placed on 

teachers’ self-promotion. Frequently, introverts dislike calling attention to themselves. Therefore, 

to others, they may look like they are belittling themselves. As a result, school administrators 
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may not notice everything an introvert has to offer. Just like many students, introverted teachers 

often feel unseen. 

University professors are usually expected to do research. Introverts are often proficient 

at research and writing because they enjoy the solitude and focus it brings. On occasion, this 

research leads to making presentations to other professors and teachers. On many such 

occasions, introverts have a fear of public speaking. This can be the downside to putting so much 

time into research. 

Cross et al. (2016) claim that collaborative assignments at work have increased by more 

than 50% in recent years which can result in burnout, also known as collaborative overload. 

Since the workload of teachers may not only include teaching, but also meetings and 

collaborative projects such as club activities with students and planning meeting with teachers, 

they can be left exhausted at the end of the day. 

Survival skills for introverted teachers 

For the introverted teacher, there are techniques that can be adopted to make daily life easier. The 

most important is to regularly find down time throughout the day. This can lower dopamine 

levels, while helping with feelings of exhaustion from so much stimulation and human 

interaction. Little (2014, pp. 63-64) refers to this as a “restorative niche.” Simply put, this is a 

quiet space where one can escape from the hustle and bustle of life. Teachers can find an empty 

classroom or afar corner of a library, or even go for a quiet walk between classes. 

Introverts tend to have an aversion to small talk and meeting new people. If the introvert 

is the teacher, it can be helpful to prepare small talk topics ahead of a situation that involves 

many people. Small talk and meeting new people can be stressful because introverts, more so 

than extroverts, are commonly unsure about what to say, thus making small talk uncomfortable. 

Pre-prepared topics and responses can take the stress out of this. When attending a meeting or a 

conference, the teacher can create an assignment such as learning the middle names of five 
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people or learning the hometowns of three people. This conversation assignment will provide a 

goal to work toward in a situation that involves a large amount of small talk. 

For intense introverts, it can be difficult to speak spontaneously. When possible, the 

teacher should find out the discussion topics before a teachers’ meeting. This will allow time to 

process contributions to the meeting. Introverts may have very valuable points to make during a 

meeting, but these unique opinions may take time to express.  

Introverts are often uncomfortable with self-promotion. The world is a place where being 

in the spotlight is preferred. Being comfortable with a different personality and not trying to be 

perceived as an extrovert will give the introverted teacher more confidence. Acting out of 

character will most likely cause more stress. Introverts are likely to be very observant because 

they tend to speak less than extroverts, therefore these skills should be used when pointing out 

problems or interesting observations to administrators and superiors. An observant teacher is 

impressive for schools and over time the intuitive teacher will become known as someone who 

recognizes positives and negatives in a school program. It may be difficult for introverts to 

promote themselves in large doses, therefore casually mentioning what they are doing to help out 

around the school may be easier. This could take more time but may be more comfortable for 

someone who is not willing to draw too much attention to themselves. 

Presentations can also be a daunting task for extraordinarily introverted teachers. There is 

the option of taking a class to improve public speaking, but this may not be possible for those 

with busy schedules or families. Another option is to ask a trusted friend for help. Friends are 

more willing to work with busy schedules, making the process more convenient. Preparation is 

always crucial. Since introverts are commonly uncomfortable speaking spontaneously, 

preparation is the key. Practice is always essential for a good presentation, but this is especially 

important for an introvert. Introverts can be uncomfortable with unknown situations, so practice 

allows them the time to get comfortable with the material. Before a presentation, contemplating 
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possible questions that may be asked during a presentation allows time to consider a future 

response. If this is done, the presenting teacher may not be taken off guard and thus will feel 

more confident when responding. It is also pertinent to schedule quiet time alone before and after 

an important presentation. By scheduling time alone beforehand, clear focus can be obtained and 

the level of stimulation can be lowered, consequently lowering dopamine levels. When there is 

quiet time afterward, solitude will often provide time for reflection on the performance and the 

audience’s reaction. 

When preparing for the day, as an introvert, the most important aspect to keep in mind is 

to be aware of things that might result in feeling overwhelmed and to schedule activities 

appropriately. Introverts can make themselves more comfortable if a quiet walk is needed to 

lower stimulation and regain focus and energy levels.  

Since so many introverted teachers leave the profession due to exhaustion (Honard, 

2015) and acting out of character for an extended period could lead to physical illness (Little, 

2008), it is extremely important that teachers take care of their mental and physical health. As 

not every administrator is aware of the needs of individual teachers, introverted teachers must 

take extra precautions to seek solitude throughout the day. If a restorative niche, as 

recommended by Little, is unattainable, he also suggests a “restorative state” (Little & Joseph, 

2007). This state of mind could be induced by meditation or travel. For some teachers, a 

restorative state may only be achieved in their heads. 

 

Conclusion 

For the most part, Introverts are not antisocial. They do not hate people. Needing time alone is 

not always a choice. When dopamine floods an introverted brain, the introvert is left feeling 

exhausted and needing a quiet retreat. Since information is more quickly accessed in introverts’ 

long-term memories than is the case for extroverts, it could take longer to retrieve, requiring a 
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longer response time. All of these aspects of the introverted brain are completely normal and 

explain why introverts are so quiet. Although introverts do not normally excel at activities that 

require large amounts of speaking, teachers should not eliminate groupwork or communicative 

activities altogether. The most valuable language classroom setting is one where teachers 

recognize the gifts that each individual brings to the class. If the teacher is able to tap into each 

of these gifts, having introverts and extroverts working together, there will be more balance in 

the classroom, giving equal time to introverts and extroverts. When balance is achieved in the 

classroom, creativity can grow. Each student, regardless of learning preferences should be 

allowed to learn in the way that best suits them.  

The best way to maximize creativity is by mixing both introverts and extroverts, 

especially if there are clearly stated guidelines, carefully designed to draw out the talents of each. 

Introverts are observant and analytical, being able to find possible flaws in an idea. Extroverts 

are excited about progress and are eager to reach goals. Combining these gifts in the classroom 

as well as the teachers’ room or staff meeting can bring nothing but magic to any school or 

university. 
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Abstract: How can an innate quirk of vision help study foreign languages? Binocular rivalry 

(BR) is a visual phenomenon that occurs when our two eyes simultaneously look at very 

different things, causing our conscious perception to alternate between the two (Blake & 

Logothetis, 2002). BR research shows that (1) the frequency of the perceptual alternation can be 

controlled by several factors and (2) that both dominant and suppressed stimuli are perceived at a 

level of consciousness sufficient to influence decisions. In this study, English and Japanese texts 

were shown simultaneously to each eye, creating a bistable perceptual experience with one text 

dominating temporarily over the other. The stimulus strengths of the texts were adjusted via 

visual motion to test the possibility of externally controlling the language that dominates 

participants’ awareness. While overall results from preliminary testing of 26 participants showed 

a positive correlation between stimulus strength adjusted via motion and dominance of 

awareness, closer analysis of data for single word and full sentence sets reveals inconsistencies 

between the strength-adjusted and non-adjusted stimulus groups, suggesting that more refined 

and thorough testing is needed. Possible applications of BR such as text glossing and vocabulary 

flashcards are discussed. 
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Introduction 

In a 1593 experiment, Italian polymath Giambattista della Porta positioned two books so one 

would be viewed by his left eye and one by his right, finding he was only able to see one page at 

a time, with the other seeming to disappear from his mind. His unsuccessful attempt to read two 

books simultaneously became the first record of the phenomenon now known as binocular 

rivalry (BR) (Wade, 1999).  

Due to the 5-7 cm horizontal separation of our eyes, each eye is presented with a slightly 

different view of our environment. Normally, the brain is able to fuse these images, and, thanks 

to a process known as stereopsis, lets us see the world in rich three-dimensions. BR, on the other 

hand, occurs when very different images are shown to each eye. The brain struggles to resolve 

the conflicting views and we experience a sequence of perceptual switches in which one image 

dominates conscious awareness, and one is suppressed, alternating back and forth between the 

 

Figure 1 

Binocular Rivalry Stimulus and Conscious Percept: two images viewed simultaneously with 

each eye will alternately dominate awareness indefinitely providing stimulus strength remains 

equal. 
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two (Figure 1). Providing the stimulus strengths of the images remain equal, these switches will 

continue at random time intervals for as long as the images are viewed (Alais & Blake, 2005). 

In our everyday lives we are regularly presented with multiple interpretations of our 

surroundings, and stimuli for bistable perception such as BR are in fact quite common; for 

instance, when the view from one eye is obstructed yet the other remains clear. Through 

experience, however, we become adept at resolving such conflicts by choosing the most likely 

interpretation, and these phenomena rarely occur to any noticeable degree (O’Shea, 2011). BR 

can be produced under controlled conditions using stereoscopes, virtual reality headsets, or, as in 

the case of this study, blue and red anaglyph (3D) glasses. BR is of great interest in cognitive 

science for what it can reveal about the elusive neural correlate of consciousness (Crick & Koch, 

1998) and has been used by artists to evoke heightened emotional responses and new sensory 

experiences (Hall, 2013).  

While the locus of BR is still a complex and disputed matter, it is now widely thought 

that it does not occur at any one exact neural location, rather it involves a complex back-and-

forth between multiple areas of the visual pathways (Kornmeier & Bach, 2012). Both single-cell 

studies on primates (Leopold & Logothetis, 1996) and human fMRI studies (Tong et al., 2006) 

have detected brain activity in areas linked to early visual processing, such as V1, and a cascade 

of related activity in higher areas.  

Stimulus strength as a causal factor of BR is well researched. Studies into the frequency 

of the perceptual alternation have identified both bottom-up and top-down influencing factors; 

further supporting the notion of a complex and multilocational mechanism (Blake & Logothetis, 

2002). Several stimuli-driven factors have been identified as affecting BR: bright colours 

dominate over dark colours (Kaplan & Metlay, 1964), focused contours dominate over blurred 

contours (Levelt, 1965), and moving images dominate over stationary images (Blake et al., 

1985). More recent research has focused on high-level factors such as attention (Ooi & He, 
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1999), context (Carter et al., 2004), and meaningful content (Jiang et al., 2007). Visual motion 

has been demonstrated (Blake et al., 1985) to be one of the most powerful influencing factors; a 

moving stimulus presented to one eye have been demonstrated to dominate conscious perception 

over a non-moving stimulus to the other. Based on these findings, and technical constraints that 

made other stimuli adjustments difficult, visual motion was chosen as the variable element in 

this study. 

A 2011 study showed that although we are generally only aware of one image at a time 

during BR, the other image does not disappear from consciousness entirely (Fahle et al., 2011). 

In fact, the “sub-conscious” (below level of awareness) image continues to exist on a “pre-

conscious” level, at which information processing occurs without conscious awareness. Activity 

at this pre-conscious level, despite our lack of awareness, is still salient enough to influence our 

decisions. The experiment, in which participants reported the perceptual switch by both 

voluntary (gradual joystick movements) and involuntary (pupil positions) actions, raises 

interesting questions about possible levels of awareness in the case of suppressed text and our 

ability to perceive, at least on a pre-conscious level, two texts simultaneously.   

BR and foreign language learning 

As yet, there have been no substantial studies into BR and foreign language learning. Largely, 

BR research has focused on using images as the rivaling stimuli, with only a limited number of 

studies using text. Furthermore, the aim of the text-based studies was not to investigate the 

potential use of BR in foreign language learning, rather to discover the cortical site of the BR 

mechanism. One such study (Wolf & Hochstein, 2011) measured rivalry when one eye views 

words and the other non-words, in order to test whether the mechanism is low- or high-level. 

However, as our understanding of how we internalise and process the external world evolves, 

alongside increasingly accessible and advanced technology, the idea of educational devices and 

methods that can be used synergistically with our perceptual systems presents us with an ever-
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expanding sphere of possibility. One area, whose exploration may shine light on the scope of 

such possibility, is how we perceive L1 and L2 text when viewed at the same time.  

In the following experiment, English and Japanese texts were shown simultaneously, one 

to each eye; creating an experience of one dominating temporarily over the other. To test the 

possibility of controlling which language dominates awareness, the stimulus strengths of the 

texts were adjusted by applying lateral vibrating movements. Considering existing studies on the 

sub-conscious/pre-conscious perception of suppressed stimuli, this report discusses several 

possibilities of how BR may be used in foreign language learning. 

 

Methods 

Twenty slides consisting of corresponding sets of English and Japanese text were prepared in 

Adobe Photoshop: twelve pairs of single words (see Figure 2, A) and eight pairs of full sentences 

(see Figure 2, B). On the slides, texts were stacked in two overlapping red and blue blend layers. 

When viewed through anaglyph glasses, each eye would see a different language text at the same 

retinal position, creating an unstable perceptual experience. A control set of four slides of 

overlaid English and Japanese single words was shown first. The stimulus strength of both texts 

was equal or near to equal, with no motion effect applied. The remaining 16 slides were 

animated GIF images, with one text moving laterally (<0.5% of total text area per 100 ms) to 

create a vibrating effect, which was intended to be noticeable but not to distract from, or interfere 

with, reading the text (see Figure 3). Through this method, the moving text on each slide became 

the target (predicted to dominate awareness) and the stationary text the non-target (predicted to 

be suppressed).  

To account for ocular dominance (eye preference), two types of slides were prepared: one 

using red for English and blue for Japanese, the other with the colours reversed. Equal numbers 

of each type of slide were used. Consequently, left and right eyes saw only Japanese or only 
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English text in equal amounts. There was an equal number of slides with moving text in both 

languages. Participants were asked to wear anaglyph glasses throughout the trial and to maintain 

fixation on the slides while they were shown for 10 seconds each. After each slide, participants 

were asked to report which language text they were aware of from the following choices: 

Japanese only, Mostly Japanese, English and Japanese equally, Mostly English, English only. 

Participants were told the meaning of the words was not relevant to the procedure. For 

consistency in translation and level of complexity, all texts were taken from Makino and Tsutsui 

(2005). 

 

Figure 2  

Example (A) Single Word and (B) Full Sentence English and Japanese Text Sets to Be Viewed 

Wearing Anaglyph Glasses.  

     

         

            A                                   B 

Note. Texts are presented simultaneously at the same retinal position on different eyes. 

The full-colour version of this figure can be viewed at 

https://drive.google.com/file/d/1bfTMIB3uc_J0aa2-VXJfYe692ZQR3zWa/view?usp=sharing 

 

https://drive.google.com/file/d/1bfTMIB3uc_J0aa2-VXJfYe692ZQR3zWa/view?usp=sharing
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Figure 3 

Moving GIF Images Used to Increase the Stimulus Strength of the Target Text Via Lateral 

Movement.  

Note.  

The full colour version of this figure and examples of  moving GIF images can be viewed at 

https://drive.google.com/drive/folders/1QIhW_PVPe2CC0i444ZOM_zHY4HbUMv_k?usp=shar

ing 

 

Slides presented to participants are subcategorised below. Each subcategory consisted of 

4 slides.  

(a) Control (single words, both text languages stationary)  

(b) Japanese words as target (single words, motion effect applied to Japanese text) 

(c) Japanese sentences as target (full sentences, motion effect applied to Japanese text) 

(d) English words as target (single words, motion effect applied to English text) 

(e) English sentences as target (full sentences, motion effect applied to English text) 

To avoid order effects impacting results, slides from subcategories (b)-(e) were presented 

Stationary 

image 

Moving GIF 

image 

100ms 

between  

Lateral 

movement 

https://drive.google.com/drive/folders/1QIhW_PVPe2CC0i444ZOM_zHY4HbUMv_k?usp=sharing
https://drive.google.com/drive/folders/1QIhW_PVPe2CC0i444ZOM_zHY4HbUMv_k?usp=sharing
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in random order. In addition to observation questions about the slides, information regarding 

participants’ Japanese and English language abilities was also obtained via a questionnaire based 

on the Interagency Language Roundtable (ILR) scale.  

 

Participants 

Twenty-one of the participants were freshman students at a private liberal arts university in Japan 

at which the language of instruction is English; the remaining five participants were non-students 

with no connection to the university (N = 26, F = 18, M = 8). All participants assessed 

themselves as having had at least an elementary proficiency in both English and Japanese, with 

88.5% having limited working proficiency or above in both. 88.8% of participants were either 

native Japanese speakers, native speakers of both Japanese and English, or had full professional 

Japanese language proficiency. All participants had normal or corrected-to-normal vision. 

Informed consent was obtained from all participants.  

 

Results 

Figure 4A shows the dominant text language reported by participants. Based on their responses 

after each slide, participants reported overwhelmingly that they were aware of both English and 

Japanese equally in all three conditions (control: 39.4%; Japanese target: 46.2%; English target: 

48.1%). Participants were rarely aware of only one language (control: 3.4%; English/ Japanese 

target (mean): 6.4%). For the Japanese target slides (words and sentences), participants reported 

perceiving Japanese more than English (only or mostly Japanese: 31.7%; only or mostly English: 

22.1%). Similarly, for the English target slides (words and sentences) participants reported 

perceiving English more than Japanese (only or mostly English: 31.3%; only or mostly Japanese: 

20.7%). Overall, the percentage variance between perceiving the target and non-target text was 

47.3%. This compares with just 17.2% in the control. While the subcategories of Japanese target 
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sentences and English target words produced expected results, Figure 4B shows that there were 

inconsistencies in the subcategories of Japanese target words (only or mostly Japanese: 21.2%; 

only or mostly English: 24%) and English target sentences (only or mostly English: 27.9%; only 

or mostly Japanese: 28.9%). 

 

Figure 4 

Reported Dominant Text Language in Control, Japanese Text as Target, and English Text as 

Target Slides   

A 

Single Word and Full Sentence Results Combined  
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B 

Single Word and Full Sentence Results Separated  

 

 

Note. For simplification, the categories of Japanese only and mostly Japanese were grouped 

together as a single value in the graphs (the same was done for English). 

 

Discussion  

The findings of this study suggest that increasing stimulus strength via visual motion can have a 

positive effect on text dominance in a controlled BR experience. Combined results of single 

words and full sentences show that participants were only or mostly aware of the target text in 

31.5% of cases, compared with only 21.4% for non-target text. It is unsurprising that most 

participants reported being aware of both English and Japanese text, with very few reports of 

only one language. This is consistent with the sequence of perceptual switches associated with 

BR and possibly the pre-conscious nature of the suppressed stimulus (although this is not proved 
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by this study).  

Despite this, inconsistencies were observed in the subcategories of single word and full 

sentence sets (and across both languages). A slight dominance of English over Japanese was 

reported in the Japanese target words set, and a slight dominance of Japanese over English was 

reported in the English target sentences set. Considering previously mentioned research into BR 

and visual motion (Blake et al., 1985), one possible explanation for the unexpected results is that 

the stimulus strength of the target text was not increased sufficiently and remained below the 

threshold of influencing dominance, producing results in certain subcategories that were similar 

to the control. More thorough testing is necessary to resolve this matter. A solution may be to 

increase the stimulus strength further via larger lateral vibration movements or adjusting other 

factors connected with stimulus strength, such as colour and contour. Taken to the extreme, a 

study (Yang et al., 2014) of the phenomenon of continuous flash suppression showed that 

movement, colour, and contour stimulus strength can be simultaneously increased to the extent 

that the weaker image is indefinitely masked from conscious awareness. Using a combination of 

factors may prove to be more effective and this suggests that further research, with the use of 

more versatile equipment such as VR headsets or mirrored stereoscopes, is warranted. 

 

Possible Applications 

One possible BR application is for the digital glossing of texts in two languages, the parameters 

of which can be adjusted to conceal or reveal either text. An example might be a text in which 

only translations of words above a certain level of difficulty are revealed, using for instance 

CEFR levels. As the reader grows in confidence, the stimulus strength of the L1 could be 

lowered, making it less likely to dominate awareness; in effect, hiding more L1 words from view 

and making the text increasingly challenging. Furthermore, the BR gloss could be applied to 

different word classes, making it possible to dynamically reveal or conceal precise parts of the 
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language, creating a text focused on the specific languages of the learner.  

BR may also be used as an experimental method of vocabulary memorisation. 

Memorisation kits, consisting of red and green highlighter pens and coloured plastic sheets, 

continue to be popular study tools amongst Japanese school children. Students are able to 

challenge themselves to recall words by blocking-out or revealing sections of text. BR, too, 

could potentially allow us to hide and reveal either language at whim, via stimulus strength 

adjustments. The unique advantage of BR is that, while the viewer may only be aware of one 

language at a time, they perceive, at least on a pre-conscious level, both L1 and L2 texts 

simultaneously. This may present very interesting possibilities in terms of subliminal or 

subconscious learning. The degree to which this is actually possible requires more in-depth 

research.  

Inexpensive stereoscopic lens attachments could be used with smartphones to view text 

or vocabulary flashcards. A simple mobile app could be developed that allows users to create 

their own flashcards and adjust the BR parameters as their language proficiency changes.  

Such applications would require hardware and programming, and at this current stage are 

perhaps impractical for use in education. It is likely, however, that ever-advancing technology 

and scientific understanding will lead to interesting and as yet unconceivable intersections 

between said technology and our innate biology. Perhaps, through harnessing the untapped 

potential of our visual systems, we can in fact reach fairly simple and refined solutions, rather 

than focusing on unnecessarily high-tech system alone as a solution.  

 

Conclusion and Limitations 

This study showed an overall positive correlation between increased stimulus strength via visual 

motion and dominance of awareness when English and Japanese texts were shown 

simultaneously to participants’ left and right eye. There were inconsistencies to this correlation 



81 

revealed in subcategories of single word and full sentence sets, which may be addressed in the 

following ways. 

Firstly, a larger sample set needs to be surveyed in order to produce more convincing 

results. A wider cross-section of participants with more diverse language abilities would also 

help support this thesis.  

Secondly, a more comprehensive control set of slides, which includes sentence as well as 

single words, is needed to create a more reliable comparison with the variable sets. 

Thirdly, comprehension and understanding of the words and sentences used as stimuli 

need to be examined. This survey focused only on levels of reported awareness of the text, and 

not the meaning of the language. Therefore, the results only illustrate BR in terms of raw visual 

stimulus and do not show higher-level cognitive understanding of what is being seen. While it 

may be assumed that, due to participants’ elementary and above understanding of both 

languages, simple words and short sentences would be easily understood, the relationship 

between language proficiency and comprehension of dominant and suppressed language needs to 

be explored.  

Finally, ocular dominance needs to be more thoroughly accounted for by deeper 

assessment of participants’ vision and its effect on the results. This may require simple eye 

testing of all participants.  

With the ever-deepening understanding of the BR mechanism and advancing technology 

that can be used to simulate the experience, these findings suggest that BR is an area of research 

of increasing potential in foreign language study, specifically in the areas of digital text glossing 

and flashcard vocabulary memorisation. However, for any practical application of the 

phenomenon to be developed, more substantial research that addresses the limitations listed 

above is required. 

   



82 

References 

Alais, D., & Blake, R. (2005). Binocular rivalry. Cambridge, MA: MIT Press. 

Blake, R., & Logothetis, N. K. (2002). Visual competition. Nature Reviews Neuroscience, 3(1), 

13–21.  

Blake, R., Zimba, L., & Williams, D. (1985). Visual motion, binocular correspondence and 

binocular rivalry. Biological Cybernetics, 52(6), 391–397.  

Carter, O. L., Campbell, T. G., Liu, G. B., & Wallis, G. (2004). Contradictory influence of 

context on predominance during binocular rivalry. Clinical and Experimental 

Optometry, 87(3), 153–162.  

Crick, F., & Koch, C. (1998). Consciousness and neuroscience. Cerebral Cortex 8, 97-107. 

Fahle, M. W., Stemmler, T., & Spang, K. M. (2011). How much of the “unconscious” is just pre-

threshold? Frontiers in Human Neuroscience, 5(120).  

Hall, W (2013). Diplopiascope v.1. Will Hall. http://www.willrhall.com/diplopiascope-v1.html 

Jiang, Y., Costello, P., & He, S. (2007). Processing of invisible stimuli: Advantage of upright 

faces and recognizable words in overcoming interocular suppression. Psychological 

Science, 18(4), 349–355.  

Kaplan, I. T., & Metlay, W. (1964). Light intensity and binocular rivalry. Journal of 

Experimental Psychology, 67(1), 22-26.  

Kornmeier, J., & Bach, M. (2012). Ambiguous figures: What happens in the brain when 

perception changes but not the stimulus. Frontiers in Human Neuroscience, 6(51).  

Leopold, D., Logothetis, N. (1996). Activity changes in early visual cortex reflect monkeys' 

percepts during binocular rivalry. Nature, 379, 549–553.  

Levelt, W. J. M. (1965). On binocular rivalry. [Unpublished thesis.] Rijksuniversiteit te Leiden, 

Leiden, Netherlands. 

Makino, S., & Tsutsui, M. (2005).  Nihongo bunpou jiten: Chuukyuu hen) [A dictionary of 

http://www.willrhall.com/diplopiascope-v1.html


83 

intermediate Japanese grammar]. Tokyo, Japan: The Japan Times. 

Ooi, T. L., & He, Z. J. (1999). Binocular rivalry and visual awareness: The role of 

attention. Perception, 28(5), 551–574.  

O’Shea, R. P. (2011). Binocular rivalry stimuli are common but rivalry is not. Frontiers in 

Human Neuroscience, 5(148).  

Tong, F., Meng, M., & Blake, R. (2006). Neural bases of binocular rivalry. Trends in cognitive 

sciences, 10(11), 502–511.  

Wade, N. J. (1999). A natural history of vision. Cambridge, MA: MIT Press. 

Wolf, M., & Hochstein, S. (2011). High-level binocular rivalry effects. Frontiers in Human 

Neuroscience, 5(129).  

Yang, E., Brascamp, J., Kang, M.-S., & Blake, R. (2014). On the use of continuous flash 

suppression for the study of visual processing outside of awareness. Frontiers in 

Psychology, 5(724).  

  



84 

Book Review 

 

Working Memories: Postmen, Divers and the Cognitive 

Revolution. 

by Alan Baddeley 

London and New York: Routledge. 

2019. 348 pages. 

 

Recommended Slow Reading Especially for Non-Science-Major Neuronerds 

When ordering books for our library, this title stopped me in my tracks. What could postmen and 

divers have to do with the cognitive revolution and what were working memories? A few 

chapters into the book all became clear as I was irresistibly drawn into the delightful company of 

this octogenarian Professor of Psychology, still hard at work at the University of York. Alan 

Baddeley’s method of writing is to take long walks and dictate his thoughts into a voice recorder. 

So, reading this book is, much of the time, like listening to his recollections while strolling 

together through the English countryside. However, it is not all a light read. Baddeley is an 

expert on human memory and is famous for having created the highly influential Working 

Memory model in the early 1970s with Graham Hitch. He is still refining his Episodic Buffer 

model of memory and outlines the experiments he and his various co-researchers have 

painstakingly conducted for over 40 years. Essentially, this buffer allows information in many 

different forms (visual, verbal, perceptual, and memory-based) to be combined and made 

available to conscious awareness in a form in which it can be used actively for planning further 

action (pp. 328–329).  

Although the book is long and filled with theoretical concepts, Baddeley is an engaging 

raconteur who interweaves his life story with accounts of his work as an experimental 
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psychologist (his working memories). He provides a historical overview of the astounding 

progress that has been made in the fields of psychology and neuroscience during his lifetime. I 

suspect that I am not the only reader of this journal who is unsure of the relationship between 

cognitive psychology, cognitive neuropsychology, and cognitive neuroscience. Baddeley 

explains that neuropsychology is an area of psychology concerned with the influence of the brain 

on what he calls the mind (although others refer to it as behavior). Researchers who focus mainly 

on the brain, rather than the cognitive processes, are regarded as neuroscientists (p. 342). The full 

name of the BRAIN SIG (Mind, Brain, and Education) encompasses cognitive processes as well 

as the study of the brain as an organ. And I can highly recommend this book to JALT MBE 

members. My only reservation is that the editors included references only to Baddeley’s own 

books. Although he refers to an enormous number of scientific publications, it is troublesome to 

track them down with only the names of the authors and vague references to the date of 

publication. That said, you will learn a great deal from this book, as is indicated by the length of 

this review, in which I manage to explain only the title of the book and the research that I believe 

will be of most interest to our readership.  

 

The Beginning of the Story 

Baddeley grew up in the poverty and industrial pollution of a working-class area in the north of 

England during the 1930s, but was fortunate that the 1944 Education Act created Grammar 

Schools that were state funded and could be entered by passing an exam based on intelligence 

rather than on scholastic achievement. For the first time, bright children from any economic 

background could attend a school that would prepare them for university entrance. Baddeley was 

not interested in science at school, largely due to the way in which it was taught. He much 

preferred Geography, History, and English because they allowed him to think for himself. When 

he failed to get into either Oxford or Cambridge to study Geography, he started to question his 
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choice of field and his interest in Psychology started to grow. He was accepted as an 

undergraduate at University College London despite the fact he had no maths or science 

qualification beyond the age of 16, a fact that those of us from an arts or humanities background 

will draw comfort from, I’m sure! He regrets not having studied more Biology, and says Physics 

would have been helpful in the early days of computer programming. However, he is 

comfortable with the principles underlying statistics without needing to know their mathematical 

derivation. Moreover, his Geography, History, and English education have given him the 

freedom to question established opinion, backed up by evidence and a coherent argument. This 

could also explain his flair for explaining abstract psychological concepts to readers not trained 

in the sciences. 

The early chapters cover his undergraduate years and early postgraduate work in the UK 

and the US. He also outlines developments in the field of Psychology in Europe and the US from 

the 1930s to the 1950s. In September 1956, several fields (Experimental Psychology, Theoretical 

Linguistics, Computer Science, and Social Science) were integrated to form a new discipline 

now known as Cognitive Science. 

  

The Postmen 

An important influence on the development of Cognitive Psychology and on Baddeley’s own 

research career, was the establishment of the Medical Research Council Applied Psychology 

Unit (APU) in Cambridge in 1944. Donald Broadbent had just taken over as the director of the 

Unit when Baddeley arrived there in 1958. Broadbent had also recently published his influential 

book, Perception and Communication. It summarized the recent work carried out at the Unit on 

perception, attention, memory, and performance under stress and used an information-processing 

model to try to explain the Unit’s work. One important feature of this information-processing 

system “was the assumption of a short-term memory system that can temporarily hold limited 
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amounts of information in order to assist in its further processing” (p. 58).  

The research carried out at the APU was funded by the government and so their research 

subjects were largely government employees, such as pilots, sailors, and soldiers staying at their 

bases near the APU, and their findings were used to understand, predict, and improve the 

performance of armed services and other personnel. For example, Broadbent’s team studied 

ways in which stressors, such as loud noise, heat, and sleep deprivation can decrease cognitive 

function. They investigated how these stressors can be reduced or reversed to improve the 

performance of people such as radar watch keepers. 

Baddeley was hired by the APU to work with Conrad, one of the deputy directors, on an 

automatic letter sorting project and the creation of postal codes for the Post Office. They needed 

to train postmen to type in post codes using the QWERTY keyboard, and Baddeley was tasked 

with finding out the most efficient way of doing this. They discovered that, contrary to the 

impressions of the postmen involved, those who had trained for one hour a day over a longer 

period learned much better than those who had trained for the same number of hours, but for two 

hours each day, while those who had received the most intensive training of four hours a day 

over the shortest period had the worst results in terms of speed, accuracy, and retention of their 

typing skills. There is a lesson here for anyone planning to take a crash course in typing or other 

skills!  

In the course of their work together on the memorability of post codes and telephone 

numbers that used a combination of letters and numbers, Conrad, who only ever used his family 

name, made important contributions to theory. He found that when asked to remember sequences 

of letters, errors tended to occur with letters that were similar in sound to the correct item.  For 

example, b would be remembered as v even when the letters were presented visually. He 

suggested that this implied reliance on some kind of acoustic memory trace that faded over time. 

This explains why a letter could be confused with an acoustically similar letter after a time delay 
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that allowed the memory trace to decay. In addition, he showed that certain sequences of similar-

sounding letters were harder to recall correctly than dissimilar letters.  For example, the 

sequence b t c v g was harder to recall correctly than k w x l r. Conrad also demonstrated that 

people born deaf had reduced capacity for remembering and recalling digit spans (visually 

presented sequences of numbers and letters). He identified a link between this problem and the 

difficulty deaf people have in learning to read and, from then, devoted his life to working with 

the deaf. These were the early days of understanding the importance of what was to later be 

known as the phonological loop and its role in language learning and memory. 

 

The Divers 

I was wondering when divers would make their entrance when Baddeley explained how he 

decided to take up scuba diving as a sport and hoped to get some funding from the Medical 

Research Council for his diving trips if he conducted experiments underwater. I first learned to 

scuba dive in Portugal in 1979 and trained again in the UK to get my British Sub-Aqua Club 

(BSAC) diving license in 1981. This was over twenty years after Baddeley, but the training was 

still as rigorous and “far from glamorous” (p. 65) as he describes, including practical and written 

exams, because divers need to understand the physics and chemistry involved in submerging 

their body even a few metres below the surface.  

Baddeley first tested the effect of temperature on chemical processes in the human body 

because it seemed that people thought more slowly and felt time passed more slowly when they 

were chilled. He wanted to make sure that this effect was not caused by anxiety when diving in 

cold conditions. He was able to test this in warm, shallow, but stressful diving conditions in the 

Mediterranean and proved that anxiety did not affect time estimation. This research is still cited. 

He then turned his attention to the influence of pressure at depth on the gases breathed by 

divers. In my diving days, sports divers breathed compressed air, but during WWII military 
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divers had breathed pure oxygen. However, this can be toxic under pressure and can cause 

convulsions and death at depths of 12–15 metres. This can be avoided by mixing it with nitrogen 

(like normal air) but nitrogen, although inert at normal atmospheric pressure, becomes toxic at 

30 metres and can lead to a pleasant but dangerous experience that the underwater explorer 

Jacques Cousteau called the rapture of the deep. 

Baddeley proposed a study of nitrogen narcosis to be carried out in the open sea in the 

Mediterranean off Cyprus. The test was conducted in shallow water near the beach and in open 

water 30 metres deep. It involved the diver transferring a row of 16 nuts and bolts on a brass 

plate to an empty row opposite while seated on a folding garden chair. This was timed from the 

surface by the diver tugging a rope that went from the boat down to the diver when he started 

and again when he finished. There was also a diver underwater with a stopwatch. The results 

showed that performing the task underwater was far slower than on dry land and dramatically 

more so at depth. They ran the same tests in a dry pressure chamber and found the effects of 

narcosis were far less than in the open sea, which naturally led to new research questions.   

Their research at greater depths and with different breathing mixtures has proved very 

informative to professional deep-sea diving operations. They studied divers who breathed either 

air or oxygen and helium mixed (oxyhelium), both near the surface and at a depth of 60 metres 

(the limit for safe diving). At the bottom, they did the brass plate test and simple arithmetic sums, 

plus a syntactic reasoning task that consisted of deciding whether sentences describing the order 

of two letters were true or false. For example, A follows B – BA (correct) or B is not preceded by 

A – AB (incorrect) (p. 72). Baddeley measured the speed at which people could finish 64 of 

these sentences. This proved to be a useful quick test to measure verbal reasoning/intelligence. It 

was also used auditorily to test the influence of telephoning on driving in the 1960s and has since 

proven to be a good test of stress and intelligence levels when results are analyzed carefully with 

the appropriate statistical methods.   
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Performance on the verbal reasoning and other tests showed no difference between air 

and heliox in shallow water, but there was a clear impairment in deep water, especially when 

breathing only air. Impairment tended to be reflected in slow speed with the word test, but in 

errors rather than speed on other tests. In fact, errors are more important than speed as they could 

lead to catastrophe when working underwater.  A final series of tests in an area of clear 

Mediterranean Sea, where the seabed shelved gradually and divers felt very relaxed, produced a 

far less dramatic interaction between narcosis and depth. It seemed the anxiety of open sea 

diving and going straight down to great depth had an effect on the functioning of divers and the 

degree of narcosis. This also explained the reduced effects of narcosis on land in a dry pressure 

chamber. The actual mechanisms that trigger the symptoms of narcosis (impairments in 

reasoning, judgement, short-term memory, and concentration, as well as feelings of euphoria, 

loss of manual dexterity, and eventually loss of consciousness) are still under investigation. More 

recently, neurophysiological testing has been carried out using an electroencephalogram to 

measure brain wave activity.  

 

Short-Term Memory and the Phonological Loop 

Baddeley has always liked to work on more than one research project at a time so that if one is 

proving frustrating, he can turn to the other in the hope that the break will bring new ideas. This 

explains the wide scope of his expertise in many fields. However, knowing that readers of this 

journal are mainly language educators with a keen interest in working memory, I will focus from 

here on Baddeley’s work in this area. He takes his readers through stages he and fellow 

researchers underwent in their discovery of the workings of short- and long-term memory, and of 

auditory and visual memory, and the roles of levels of processing (i.e. visual, phonological, and 

semantic). There were debates in the 1970s about the existence of the two-component memory 

(short- and long-term). Interestingly, the best evidence for two systems came from the study of 
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amnesiac patients who had preserved short-term memory but had lost the capacity to create new 

long-term memories. Baddeley was able to study such patients soon after he moved to Sussex 

University in 1967 and was invited to work with Elizabeth Warrington. 

The case of HM, who had a large section of his hippocampus removed in 1953 to try to 

cure his epilepsy, has been very significant. HM subsequently lost his ability to form new long-

term memories, although his short-term memory (STM) was not affected for normal digit spans 

and he was able to acquire new skills. This demonstrated that the hippocampus plays a very 

important part in memory and that there are two separate memory systems. Baddeley and 

Warrington were able to test other amnesic patients in various ways and most of the results were 

in line with their predictions based on the assumption of two separate systems. They also found 

that a wide range of types of learning was unimpaired. They tested these and also used controls 

and found a distinction could be made between explicit memory (conscious retrieval of 

information) and implicit memory, where learning is demonstrated by a change in performance 

rather than the ability to consciously remember the prior experience.  An interesting example is 

that amnesic patients were played unknown Korean melodies and asked to judge the 

pleasantness of each one. With repeated hearing of the melodies, they showed a gradual increase 

in reported pleasantness, although they denied having ever heard the melodies before. This also 

indicates that long-term learning does not depend on short-term storage. This was further 

demonstrated in the way amnesic patients could learn new motor skills and showed evidence of 

long-term memory for both verbal and visual learning under certain critical conditions. For 

example, when presented with words such as STAMP and GREEN and later asked to identify 

them from among a mix of old and new items, they did badly. However, when presented with the 

first two letters ST--- and GR--- they could produce the correct words even though they had no 

memory of having seen them in the presentation stage. This was also the case when they were 

presented with line drawings of objects and then partial line drawings.  



92 

In 1971-72, Baddeley turned his attention to the function of short-term memory (STM) 

and his team developed a model of working memory with three components: the central 

executive (attentional control), which was assumed to be limited in capacity and assisted by two 

short-term memory systems (visual and verbal) that can be used to control the executive function 

under certain conditions. They broke down the verbal system into two components: a temporary 

store and a rehearsal system based on subvocal articulation which they called the phonological 

loop. Baddeley’s team explored the ways in which the storage component of the phonological 

loop can be interrupted by irrelevant sound. This interference operated at a phonological rather 

than a semantic level. Not only speech, but also music, especially vocal as opposed to 

instrumental music disrupted storage while unpatterned noise had no effect except when the 

irrelevant sounds fluctuated. As for the existence of separate visual and spatial components of 

working memory, this is now widely accepted. Robert Logie has proposed there are two 

components: a visual cache that holds the memory trace and a spatial rehearsal system that 

performs a similar function to subvocal rehearsal in the phonological loop (p. 174).  

 

The Phonological Loop, Reading and Dyslexia 

Baddeley and his team explored the role played by the phonological loop in language processing 

and asked if the phonological loop was involved in reading. Although the evidence from their 

experiments suggested that the phonological loop does not play a necessary part in fluent 

reading, they wanted to find out if it plays a part in learning to read. This possibility had 

occurred to Baddeley several years earlier when he found out that children with reading 

difficulties also had poor STM measured by digit spans. He later found that poor digit span was 

one of a cluster of deficits that people with dyslexia had and which suggested a limitation in the 

operation of the phonological loop. The possible link between verbal STM and learning to read 

was already being explored. You will remember that Baddeley’s old boss Conrad had noted that 
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congenitally deaf people had low digit spans and difficulty in learning to read. Conrad had a 

hunch that verbal STM might play an important part in learning to read, because it allowed 

sequences of sounds to be maintained. This is important in the process of converting a sequence 

of printed letters into their appropriate sounds which must be maintained in their correct order 

until the word can be decoded. His work was followed up with poor readers who were not deaf, 

but who had reduced short term memory, and failed to show the normal phonological similarity 

effect (i.e. similar sounding letters were harder to remember in the correct order, e.g. b g d c p 

than dissimilar sounding ones e.g. k r w l s). It was proposed that, like deaf readers, poor readers 

were also failing to use verbal STM.  

Baddeley’s team tested a group of dyslexic boys and compared them with a group of 

younger boys with the same reading age and a group of boys of the same chronological age. 

When tested on memory span, they found the dyslexic boys had the same memory span as the 

younger boys with the same reading age, but reliably shorter spans than the boys who were the 

same chronological age. A similar pattern occurred when they tested for speed of articulation. 

Both the younger and dyslexic group repeated back the material more slowly than the age-

matched children. However, all three groups of children showed a clear phonological similarity 

effect, suggesting that they were all using the phonological loop. It seems to be the case that 

when sequence length becomes greater than memory span, almost everyone abandons use of the 

phonological loop. It did appear, however, that the phonological loop may play a part in 

developmental dyslexia. 

They also looked at acquired dyslexia in adult readers, for example after suffering a 

stroke, and found that dyslexia in children did not resemble that found in brain-damaged adults. 

Problems in learning to read were not the same as those resulting from brain damage in a fluent 

reader who had learned the skill and practiced it for many years. However, it was hard to publish 

their results because in the field of dyslexia there are many theorists, all with different 
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interpretations, which they held on to with passion. Some theories at that time were visually 

based, and another proposed wider problems in skill acquisition. Another saw the cause of 

dyslexia as an impaired capacity to perceive rapid auditory changes, and at least two focused on 

phonological aspects of reading. Baddeley suspects that this is because reading is a complex 

combination of skills that can take many years to acquire and can probably break down at more 

than one point. He points out that each theorist focused on one feature of the reading deficit, 

which they argued was crucial, and tested samples of children with reading problems and found 

that their proposed crucial deficits did indeed occur. However, they hardly ever included anyone 

else’s tests in their studies, leaving the field wide open to controversy and debate.  

 

Working Memory and Language Acquisition 

Baddeley turned his focus back to working memory and possible impacts it may have on 

language acquisition. His team suspected that a seriously impaired phonological loop may play a 

role in difficulty in dealing with complex sentences. They found a patient with a clear deficit in 

short-term verbal memory and decided to check whether her memory deficit could be described 

as an impairment in the phonological loop component of working memory. They confirmed that, 

apart from findings consistent with a phonological loop deficit, the patient’s level of intelligence 

and visual working memory were normal. They also confirmed that she could decide whether 

short sentences were true or false, but that she made many errors with longer, more complex 

sentences compared with “the healthy control group” of people her age and intelligence level (p. 

242).  They decided to test if this deficit prevented her from learning eight new words in a 

foreign language (Russian), but first tested her long-term memory by asking her to learn eight 

pairs of unrelated words in her native language. She was able to do this successfully, as were the 

control group. However, learning Russian words was very different. While it took the control 

group ten trials to learn all eight words, the patient had not learned a single one. This 
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demonstrated an important function for the phonological loop—new phonologically based 

learning (p. 243). They checked this by using healthy subjects and interfering with the operation 

of their phonological loop in three different ways. All three of these ways slowed down the rate 

at which people could learn new foreign words while having no effect on learning to relate 

unassociated pairs of native language words (p. 243).  

Next, they had to find out if the link between reduced memory span and vocabulary 

acquisition could also apply to children learning their native language. They tested children who 

had delayed language development and found they had particular difficulty in hearing and 

repeating back unfamiliar non-words. They created a new test that involved the tester reading out 

non-words of 2 – 5 syllables in length which the children had to repeat back. Their performance 

deteriorated rapidly with the length of the non-words and was poorer than other children their 

age. Baddeley concluded: “If a child cannot temporarily maintain the form of a new and 

unfamiliar spoken word, it is perhaps unsurprising if their vocabulary development is slower” (p. 

243). Furthermore, they used the new Non-word Repetition Test on a wide sample of children (n 

= 118) and found there was a robust association between their phonological loop measure (the 

number of items in a digital span they can remember when using the phonological loop to help 

preserve the memory trace) and the number of words the children knew. Of course, showing that 

non-word repetition is correlated with vocabulary does not show that the link is causal. It could 

be said that having a good vocabulary helps one cope with and repeat back unfamiliar new 

words. They investigated this by following up on the children tested over several years and 

found that “although the phonological loop plays a dominant role during the early years, existing 

word knowledge does in due course begin to help the child learn new words” (p. 244). The 

phonological loop provides an important tool for the acquisition of both one’s native and 

subsequent languages, but is not the only tool. People with a reduced phonological loop can 

develop extensive vocabularies probably because later stages of language acquisition depend on 
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other factors, such as executive resources and exposure to a rich language environment. 

Moreover, Baddeley reports that a recent meta-analysis of 79 studies of working memory and 

second language learning involving 3,707 learners found a very solid positive link with a clear 

contribution from the central executive and the phonological loop. 

The main difficulty with explaining the ways in which the brain functions is the sheer 

complexity of the multiple systems which are constantly in action. The phonological loop does 

not exist as an entity in a certain location in the brain and, as Baddeley says, the concept of the 

central executive does not explain anything. It is helpful for us to think of it like a homunculus in 

the head who carries out all the complicated tasks of the working memory. However, until we 

have explanations of how these functions are actually carried out, it is useful to have a 

homunculus while investigating, one by one, all the tasks it carries out (p. 255). 

 

Conscious Awareness 

In subsequent chapters, Baddeley describes his research into various aspects of working memory, 

such as the influence of emotion on working memory, especially anxiety and depression. He also 

investigated what controls working memory. The next challenging question was: what is 

conscious awareness? This actually needs to be divided into two questions: how does the brain 

create and utilize conscious awareness as part of its function and how do the physical body and 

non-physical mind interact? Baddeley thinks that the second question misses the point. He 

quotes a helpful metaphor from Gilbert Ryle (1949) who said that treating the mind and body as 

polar opposites rather than as different facets of the same thing was an error: “He uses the 

example of a visitor to Oxford asking where the university is. It is in fact distributed throughout 

the city, a unitary organization but not in any single place, and even if it were contained in a 

single building, the university is far more than bricks and mortar” (p. 316). For Ryle, body and 

mind are different aspects of one system, not two separate systems that need to communicate. 
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This metaphor helped me enormously to grasp this currently dominant view within neuroscience 

and psychology.  

 

Summing Up and New Directions 

My favourite chapter was actually the final one, in which Baddeley brings the reader right up to 

date with the latest research theories, methodologies and technologies, their strengths and 

shortcomings. For example, the drawbacks to fMRI scanning gave me, as a non-scientist pause 

for thought, but there is no space to expand on this here. I would, instead, encourage you to read 

this chapter of the book to find out for yourselves! 

Baddeley ends tantalizingly by saying that if he were at the start of his career once more, 

he would not choose to work in memory because we now understand it quite well from a broad 

psychological viewpoint. He would rather look at an area that has been neglected: psychological 

energy and questions such as: why do we do anything? First, he would look at physical energy 

and its fluctuations through the day. He would ask if this reflects the level of general arousal or 

does energy imply something more directed? How do states of health relate to psychological and 

physiological energy and can viable measures be developed? How do they relate to the basic 

metabolism that converts nutrients into energy?  

This is all highly relevant to the study of behavioural disorders, which are of great 

importance to parents, educators, and even our work and relationships with colleagues. For 

example, a diagnosis of ADHD implies a combination of three factors: attentional control and 

hyperactivity, together with a behavioural problem. (Which is usually the reason why people are 

referred for investigation.) There is already evidence that the attentional component fits well 

within the broad working memory framework. But hyperactivity is unexplained. Baddeley asks: 

“Are there people who are hyperactive but with good executive control and a high level of 

general intelligence?” (p. 348). He suspects there are, and I suspect that we can think of several 



98 

people we know! However, they will not show behavioural problems and so will not be referred 

for investigation. If this is the case, such people might provide insights into possible positive 

effects of high energy levels. This is an exciting direction for neurological and psychological 

research to take and I do hope Baddeley and his colleagues can recruit a new generation of 

researchers to carry out this important work with the same level of psychological energy that he 

clearly has retained into his mid-eighties. 

 

Reviewed by Amanda Gillis-Furutaka, 

Kyoto Sangyo University 
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