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Dear readers,

For our first issue of 
Spring 2009, Brain Waves 
wi l l focus on the 
development and use of 
language in human society.

In greater detai l , an 
evolutionary perspective 
will be featured that will 
discuss the emergence 
o f human wr i t ten 
language,  specifically 
the a lphabet , 
h igh l i ght ing i t s 
adaptive value, as well as 
its importance in human 
society.

To complement this, a 
faculty member from the 
Psychology department will 
discuss her research on word 
recognition.  Dr. Connine’s 
work has focused on spoken 
word recognition, an ability 
of the human brain that 
consistently goes unnoticed.

             —MLM & LJ

BRAIN WAVES
The sophistication of language: 
Understanding word recognition
by Dr. Cynthia M. Connine

Spoken l angua ge 
understanding is among the most 
sophisticated capabilities of the 
human brain—the physical signal 
(speech) is a transient event that 
the brain must encode in a very 
short period of time.  In my 
laboratory, we investigate the 
process of recognizing words—
the basic building block of 
spoken language understanding.  
Recognition of a spoken word 
occurs seemingly instantaneously 
and without error against a 
backdrop o f thousands o f 
possible words (the average high 
school student knows about 
60,000 words!).  Beyond this 
complexity, the form of a word 
can vary dramatically—speakers 
w i th d i f fe rent vo ice 
characteristics, dialects, or 
accents in t roduce huge 
variability in pronunciation.  The 
fact that words are produced 
with such wide variability in 
their acoustic properties is what 

makes the ability of humans to 
recognize spoken language a 
remarkable feat. The research in 
my lab focuses on the processes 
and representations that underlie 
this amazing cognitive ability.

One way in which the 
variability in spoken words is 
expressed i s in a l ternat ive 
pronunciations (phonological 
variants) of words.  For example, 
in some dialects of English, the 
word ‘pretty’ can be pronounced 
with a ‘d’-like sound (called a 
flap) as the middle segment. This 
d ia l ec t va r i ant occurs in 
American English but not in 
British English.  In other variant 
types, a segment or multiple 
segments can be deleted—for 
example, the word ‘correct’ can 
be produced with a deleted 
vowel (as a single syllable word 
‘crect’). In a more extreme case, 
the word ‘probably’ can be 
produced as ‘prolly’.

—Continued on page 2

ALPHABETS: CULTURAL EVOLUTION AND NEUROLOGICAL SUBSTRATES
by Emily Krecko

Evolutionarily speaking, Mr. 
Hugo was right on the money.  
The mere obser vat ion o f 

variation in language across 
cultures demonstrates the ability 
of language, as well as the ability 
of the human brain, to undergo 
the necessary changes in order to 
subject language to Darwinian 
evolution.  As David P. Mindell 
of Scientific American magazine 
states, “Languages do not evolve 

in a strict biological sense [yet] 
they do change over time in a 
manner analogous to biological 
e vo lut ion , w i th human 
inno vat ion and borrowing 
p lay ing an impor tant 
role” (Mindell, 88).

—Continued on page 3

❝Human society, the world, 
the whole of mankind is in 
the alphabet ❞

—Victor Hugo
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WORD RECOGNITION
 - Continued $om page 1

An interesting aspect of 
phonological variation within 
a dialect is that words differ in 
their production likelihood as 
a particular variant.  For 
example, a pronunciation of 
the word ‘correct’ as ‘crect’ is 
f a i r l y in f requent but a 
pronunciation of ‘suppose’ as 
‘spose’ is very common.  Both 
pronunciat ions involve a 
deleted vowel but the words 
differ in the frequency with 
which listeners hear the vowel 
deleted pronunciation.  This 
a spect of var iat ion i s of 
particular interest to my lab 
and many of our research 
projects are informed by the 
distributional characteristics 
of spoken language.  My lab 
ha s a l a rge , sea rchab le 
database of recorded spoken 
language conversations that is 
u sed to determine the 
pat ter ns o f word 
pronunciations across words 
and dialects.  We use the 
landscape of variability in 
spoken language production 

‘ in the wi ld ’ (ca sua l 
conversations among people) 
to d i s t ingu i sh among 
competing explanations for 
how people recognize spoken 
words.  

One theor y of spoken 
word recognition, that was 
dominant until only recently, 
hypothesized that spoken 
word recogn i t ion o f 
phonological variants involved 
speech recoding processes.  
Essentia l l y, the recoding 
processes transformed the 
speech input by fil ling in 
mis s ing in format ion or 
inferring segments to create a 
representation that could be 
used for recognition.  The 
work in my lab has questioned 
this dominant theory and 
focused on how the speech 
that people actually hear is 
used to represent word forms 
in the mental lexicon (your 
memory of what words you 
know).  Some of our research 
ha s focused on the f l ap 
variant. For example, the 
recoding theory would predict 
that recogn i t ion o f a 
product ion o f the word 
‘pretty’ as a flap would involve 
a perceptual recoding process 
to create a representation with 
a ‘t’ sound and the recoded 
representation is used to 
access lexical memory.  Our 
research has shown that no 
recod ing processes a re 
necessa r y because the 
dominant pronunciation, the 
flap (which occurs about 94% 
of the time in casual speech), 
is represented in the lexicon.  

Less dominant pronunciations 
are also represented but more 
weakly than more dominant 
representations.

The implications of our 
results extend theories to the 
learning process that takes 
place when a new dialect or 
accent is encountered.  One 
common observation is that 
listening to a new dialect or 
accent becomes easier with 
more exper ience .  Our 
experiments suggest that 
exper ience l eads to the 
de ve lopment o f l ex ica l 
representations to support 
recognition.  We have shown 
that learning a new dialect 
builds on lexical memory and 
is facilitated when the new 
dialect has properties that are 
similar to what you already 
know from your own dialect.  
Understanding the spoken 
word is an ability that is 
critical for effective economic, 
cultura l , and even socia l 
par t i c ipat ion in moder n 
society.  The ethnic melting 
pot of the USA has lead to a 
variety of English dialects 
defined by both vocabulary 
and pronunciation.

Knowledge o f the 
cogn i t i ve processes and 
representations that underlie 
the acqu i s i t ion and 
recogn i t ion o f d ia l ec t 
var ia t ion wi l l u l t imate l y 
contribute to the broader goal 
o f l angua ge l ea r n ing 
instruction for normal and 
d i sordered l angua ge 
populations. 

Word Recognition—Similar to 
language recognition with respect to 
sound, one can easily identify this 
English word, regardless the 
degraded characters.
Adapted from Microsoft research and 
development, <http://www.microsoft.com/
typography/ctfonts/wordrecognition.aspx>.

http://www.microsoft.com/typography/ctfonts/wordrecognition.aspx
http://www.microsoft.com/typography/ctfonts/wordrecognition.aspx
http://www.microsoft.com/typography/ctfonts/wordrecognition.aspx
http://www.microsoft.com/typography/ctfonts/wordrecognition.aspx
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ALPHABETS
 - Continued $om page 1

Evolution of alphabets and language can be 
looked at from many angles.  First, there is the 
adaptive value of the development of an 
alphabet or a language.  This includes the 
usefulness of a language for a specific society.  
The letters of an alphabet, or in some languages 
the syllables, are a marvelous invention that 
allows for the infinite expression and record of 
human thought and emotion.  The first 
alphabets, namely those of the Phoenicians, 
Egyptians, and Ancient Greeks, were adapted 
due to the pressures brought about by 
organized, governmental society (i.e., the 
recording of taxes, agricultural harvests, trade 
transactions, etc.).  The natural progression of 
humans into more organized social groups—a 
different subject that can be explained by 
evolution but shall be saved for another time—
called for an adaption that would allow for 
organization.  

The primitive alphabet did just that—it was 
able to record simple objects and ideas that 
allowed for the evolution of governments and 
societies.  From this second perspective, one 
can observe the evolution of the alphabet as its 
own entity.  The simple, functional characters 
of primitive alphabets became tiny expressions 
of art and complexity over time.  However, it 
was not necessarily the aesthetic value that was 
important, but rather a search for a “true 
shape” of the letters with “reproducible 
geometry” (Goudy, 10).  What good is a 
language if it can only be understood by the 
writer, and not by all?  Indeed, a study of 
paleography, also known as the study of 
handwriting, stresses the important of “pure 
palæography,” and explores the evolution of 
certain letters across different time periods, 
under different teachers, and in different 
geographical locations.  For example, the letter 
Q shows a distinct course of evolution.  The 
letter Q took on many forms—a circle with a 
tail extending to the left, to the right, straight 

downwards, or cocked upwards.  Some Q’s had 
a tail that was long and extended under 
adjacent letters or a short tail that intersected 
the circle while other Q’s resembled the 
modern number two (2), the number nine (9), 
or the letter P—and this is just to name a few.  
The final version of the letter Q as used today 

was selected for none other than evolutionary 
reasons.  As Abbott writes, a “truth [as] 
established by Darwin… given an original type 
and several varieties, that variety or those 
varieties which are fittest to survive will 
survive” (312).   The relative fitness of a letter is 
based on factors such as “legibility, beauty, 
economy of e f for t , and economy of 
space” (Abbott, 312).  Legibility and beauty are 
self-explanatory, but economy of effort refers to 
the efficiency and speed with which one can 
write a letter of the alphabet in handwriting.  
Also, economy of space became important once 
Johann Gutenberg introduced the printing 
press in 1439.

The perceived evolutionary significance of 
letters is a bizarre concept, yet an observable 
trait among alphabets.  Yet another angle with 
which one can examine language is through its 
symbolic evolution.

—Continued on Next Page

Monophylitic 
common 
ancestor

Oscan

Umbrian
Latin

Albanian
Old 
English

Classical 
Armenian

Ancient Greek

The dynamic nature of language across time— 
An evolution of spoken language indicates that it may be 
compared to Darwinian evolution, similar to how 
biologists treat physical traits as phylogenetica%y inherited.
This image was adapted $om a special issue of Scientific 
American (Jan 2009); Refer to “The Tree of Tongues” on pg 88.
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ALPHABETS
 - Continued $om previous

  Diverse oral and writing systems are an 
expression of cultural uniqueness that separates 
one society from another, as in biology one 
species cannot interbreed with a different 
species.  These symbolic differences among the 
sounds of languages and the letters of alphabets 
follow a pattern that can be mapped out in a 
fashion similar to species phylogenies.  By 
compar ing words wi th 
common origins, sounds, 
and shared grammar and 
l angua ge s t r uctures , a 
phylogenic tree of languages 
can be constructed and the 
history and evolution of 
language can be determined.

Lastly, it is important to 
look at the evolution of 
brain structures, specifically 
language and motor centers, that allowed for 
humans to use language and an alphabet to 
conceptualize their thoughts, convey those 
thoughts from mind to the spoken word, have 
the precise motor movements to write those 
thoughts on paper, and to be competent 
enough to a scr ibe sounds to arbitrar y 
alphabetic symbols.  Researchers Aaron and 
Joshi present evidence from biological, 
linguistic, neurophysiological, and historical 
perspectives to shed a naturalistic and 
evolutionary light upon language and its 
progression into written and spoken forms.  
Contrary to most linguists, Aaron and Joshi 
believe that language is a natural product of the 
evolution of the human mind, and not an 
invention or tool like, for instance, the wheel.  
For example, the natural progression of writing 
from the scribbling of infants to the refined 
language of adults suggests language is a natural 
trait bestowed upon humans.  Furthermore, the 
evolution of writing and language seems to be 
more of a biological issue than a linguistic one.  
The fact that nearly all humans—minus those 
with various disabilities—posses the ability to 

learn to read and write suggests that it is a 
heritable trait.  Language is looked at as a 
product of punctuated change in the “Theory 
of Grand Change,” suggesting that it was a 
spontaneous human accident that simply 
manifested human thought into a mutated 
written form.  Language capabilities can also be 
seen as the product of a more gradual process in 
the “Theory of Gradual Change,” where in a 
study of primates, chimpanzees demonstrate 

the ability to grasp the concept of language but 
are not quite highly enough evolved to exhibit 
the complex vocalizations, thought processes, 
and motor mouth movements of their slightly 
more evolved human counterparts.  Lastly, in 
the “Theory of Selective Expression of Latent 
Language,” it is proposed that neural evolution 
could explain how humans acquired the ability 
to use language.  Perhaps a part of the brain 
used for interpreting gestures and motor skills 
developed into structures that could support 
the production and understanding of language.

Integrating both the evolution of language 
in its physical form, as well as in its neurological 
form, we are left with a chicken or the egg 
conundrum.  Is language and the alphabet an 
invention, like the wheel, or does the evolution 
of language lie in the complex neurocircuitry of 
the brain?  Perhaps the evolution of one 
affected the evolution of the other, but which 
came f i r s t—pictographs or complex 
neurocircuitry?

—Continued on next page

Fitness Factor Explanation

Legibility The ease at which the character is read

Beauty The aesthetic quality of the letter

Economy of effort The ease at which a letter is transcribed

Economy of space The amount of space required by the letter in 
print
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ALPHABETS
 - Continued $om previous

The phenomenon of 
writing and verbal language is 
something that leaves both 
evolutionary thinkers and 
neurologists scratching their 
heads.  If language is an 
invention, it would mean it 
evolved under the social and 
economic pres sures o f 
societies and is therefore a 
product of cultural evolution.  
The alphabet and its letters 
are shaped by variation and 

competition of aesthetic, 
economic , and leg ib i l i ty 
factors and its va lue has 
dictated the success of a 
cu l ture in regards to 
organization.  However, if it is 
indeed a b io log ica l 
phenomenon, then language is 
merely the byproduct of the 
increased complexity of the 
human brain over time that 
has enabled such tasks as 
cooperation and a sense of 
self.

Evo lut ion i s t s and 
neurologists alike are not sure 
of the answer.  The most 
logical conclusion is that an 
e vo lut ionar y in terp lay 
between the cultural and 
social aspects of language with 
the biological and neurological 
plasticity of brain structures 
allowed for an harmonious 
evolution of language and 
alphabets that facilitates the 
complex yet beaut i fu l 
expression of thought and 
emotion.

In part, this article was adopted $om a poster presented by the author, to fulfi% a requirement for a course taken during the Fa% 2008.

Evolution has been a fundamental theory 
in the biological sciences for some time, yet 
more recently, it has become an overarching 
framework used by Binghamton University 
undergraduates to explain all things human.  

The Evolutionary Studies Program (EvoS), 
directed and founded by Dr. David Sloan 
Wilson, is a unique program that aims to 
integrate evolutionary thinking into, not just 
the hard sciences, but also the humanities.  
Generally reluctant to accept Darwinian 
science, these disciplines have benefited 
greatly from the insight offered by evolution, 

and this has helped increase our overall 
understanding of human society.  

Students enrolled in the program are 
required to take an introductory course titled 
Evolution for Everyone.  By introducing the 
concepts of statistics, as well as the scientific 
method, this course is designed to teach non-
science students how to become scientists.  Of 
importance, the course highlights Darwinian 
evolution, which these students then use as a 
backbone to explore personal topics of 
interest.  At the end of the semester, students 
present their research in poster form.      —Eds.

HIGHLIGHTS FROM CAMPUS—EVOLUTIONARY STUDIES POSTER FAIR

Last semester,  the poster session was held on December 4.  “[It] represented the culmination of the students' introduction to 
evolutionary principles and research methods” said Jim DeNova, EvoS project coordinator, and featured broad topics 
ranging $om the evolution of language—as described in Alphabets of this issue—to the evolution of bioluminescence.
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by Sebastian Rimehaug
For cognitivists and others, language is the 

cornerstone of our consciousness and the defining 
characteristic of human identity.  Accordingly, the 
origin of language has long been considered by 
many an impor tant , though regret tab l y 
unanswerable, question.  However, the recent 
discovery of mirror neurons—a class of neurons 
located in the premotor cortex—seems to have 
pushed back the benchmark of what we know 
about the human mind.  

In 1996, a group of researchers from the 
University of Parma studied the F5 region of the 
macaque monkey.  Previously, this region was 
associated only with the execution of “goal-directed 
hand and mouth movements.”  Their research 
revealed that this region is also activated during 
passive observation of others' performance of such 
actionsOther experimental evidence points to a 
similar process that occurs in humans.  Calvo-
Merino et al. (2005) conducted an fMRI study on 
dancers.  Activation of the dancers' premotor 
cortices was observed while they passively watched 
videos depicting their own style of dance; however, 
no activation occurred during the viewing of other 
dance styles.  That is, activity occurred in certain 
areas of the premotor cortex when they processed 
information about movements they themselves 
habitually performed.

Similar experiments in cognitive psychology 
suggest a similar connection between cognition and 
action.  For instance, Glenberg & Kaschak (2002) 
revealed that participants were significantly faster 
at processing linguistic information about certain 
movements when they themselves were performing 
the movements. This suggests that we understand 
actions, when appropriate, as an analogue to our 
own bodily experiences.  This view, known as 
embodied cognition, is a growing contention in the 
cognitive sciences, especially with our heightened 
understanding of mirror neurons.

Fogassi, one of Gallese’s collaborators, and 
Ferrari argue that language evolved from the 
embodied cognition created by the mirror neuronal 
network, rather than out of primate vocal calls, as 

has been classically argued.  They do this by 
expounding on the early observation that the F5 
region resembles a preliminary ancestor of Broca's 
area.  First, this region targets the understanding 
and making specif ica l l y of hand and face 
movements, offering explanation for the tight link 
seen  between spoken language and gesture in 
humans.  Second, Broca's area is now known to also 
contain mirror neurons.

Furthermore, TMS studies show that subjects 
with over-activation of the motor cortex move 
their tongues upon hearing words that are 
articulated with such movement, and more so with 
words than with non-words.  This, they argue, 
demonstrates an unforeseen but intimate link 
between semantic processing and articulation 
which can be attributed to mirror neurons.  Some 
aspects of human mirror neurons are unique to 
humans, such as their activation through linguistic 
stimuli.

The view that language stems from our ability 
to form analogues from others' actions makes a 
certain amount of intuitive sense.  Language is, at 
its heart, communication.  It relates and compares 
experiences between minds.  As Arthur Glenberg 
argued, language allows people to coordinate their 
actions (Glenberg et al., 1999).  

—Continued on the next page

Structural Homology—The dark region indicates 
Brodmann's area 44 in the human brain.   Comparing to 
the macaque brain (not shown), similarities in location 
and function su+est they are homologues.

MIRROR NEURONS AND THE EVOLUTION OF LANGUAGE

In part, this article was adopted $om a paper written by the author, to fulfi% a requirement for a course taken during the Fa% 2008.
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THE BILINGUAL BRAIN—DEVELOPMENTAL DIFFERENCES
by Venessa Spotlow

Language is an important part of cognitive 
development in human beings.  Communication, 
memory, and other cognitive processes are 
heightened as a result of language development.  
Recently, much debate has been presented about 
whether there are differences in the neural 
processes of monolingual people versus bilingual 
people.  Several studies now support the idea that 
individuals who have learned two or more 
languages have enhanced cognition in the language 
areas of the brain, specifically Broca’s area.  This 
enhancement has been shown to aid bilingual 
individuals in certain mental tests, notably the 
Simon task which measures mental abilities that 
are known to decline with age.  Dual-language 
speakers may perform better on such tasks because 
their increased cognitive development may provide 
superior memory for storing and processing 
information.

Further research has been done on the time of 
second language development.  This work 
determined that subjects who have been bilingual 
since speech development use one portion of 
Broca’s area for processing both languages, while 
subjects who learned their second language after 
the age of eleven or twelve use different regions of 
Broca’s area for each language.  These differences 
seen in Broca’s area may arise due to the onset of 
puberty.  Before this time, the brain is still 

developing and languages are still able to be hard-
wired—a developmental phenomenon broadly 
referred to as the critical period.  As a result, the 
sounds and grammar of each language are able to 
be intertwined.  After this period, however, a new 
language must be handled by a different part of the 
brain, such that the new sounds and grammar can 
be stored.  There is still much work to be done in 
this field and novel theories concerning the 
bilingual brain are presented frequently.  Further 
research will allow for more to be known about the 
cognitive benefits of learning a second language.  

Language Lateralized—The brain structures 
responsible for language production are largely found on 
one side of the brain: the le, hemisphere.

MIRROR NEURON SYSTEM
 - Continued $om previous

This exchange, along with coordination of 
thought and action, is what has allowed paleolithic 
humankind to c ross such mi le s tones a s 

col laborative hunting, the development of 
agriculture, and the creation of art.  Closer studies 
on the functions of mirror neurons may lend to 
deeper speculations on how language emerged into 
the complex system we know today.

CALL FOR PAPER
Lateralization of brain function is a poorly understood phenomena.  As shown 
from the previous papers presented here, it is especially important with respect to 
language production and understanding, with regions such as Broca’s area and 
Wernicke’s area being important for each respectively.  These areas are generally 
found strictly on the left—or for some individuals, strictly on the right.  Why does 
the brain lateralize function, owning to the notion that the left side is associated 
with analytics and logic, while the right side remains artistic and creative?  The editor’s 
of the Newsletter ask the readership for a short contribution that sheds light onto  this area of 
science.
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The Binghamton University Neuroscience Club (formerly The Psychobiology Club) is a student run organization chartered by 
the Binghamton University Student Association (SA).  Neither the SA, the department of psychology and all affiliates, 
nor Binghamton University endorse the content that appears in this newsletter.  Likewise, information found here does 
not represent the opinions of the club’s executive board or the newsletter's editors.  Footnoted logos are copyrighted; 
watermarked snow flake was retrieved on 27-Dec-2008 from <http://www.about.com/>; all other images that appear 
here are either a part of public domain (refer to <http://www.wikimedia.org>) or released on the wishes of the owner(s).

Our next issue—April!

Psychotherapy

Monday Tuesday Wednesday Thursday Friday

9:30 - 10:30 10:00 - 11:00 10:00 - 11:00 Work-Study

11:00 - 12:00 [Extended]

1:00 - 2:00

Peer-Advising: Office Hours

The Current Executive Board: Lauren Jarchin and Michael L. Miller, co-Presidents; 
Jasmine Deng, Academic VP; Adrienne Maturo, Treasurer; Deborah Lynn, Secretary; 
and Anna Klioueva, Volunteer Chair. Newsletter’s Editor-in-Chief: Jaime Eberle.
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