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I review 2 seminal research reports published in this journal during its second decade more than 
a century ago. Given psychology’s subdisciplines, they would not normally be reviewed together 
because one involves reading and the other speech perception. The small amount of interaction 
between these domains might have limited research and theoretical progress. In fact, the 2 early 
research reports revealed common processes involved in these 2 forms of language processing. 
Their illustration of the role of Wundt’s apperceptive process in reading and speech percep-
tion anticipated descriptions of contemporary theories of pattern recognition, such as the fuzzy 
logical model of perception. Based on the commonalities between reading and listening, one 
can question why they have been viewed so differently. It is commonly believed that learning 
to read requires formal instruction and schooling, whereas spoken language is acquired from 
birth onward through natural interactions with people who talk. Most researchers and educa-
tors believe that spoken language is acquired naturally from birth onward and even prenatally. 
Learning to read, on the other hand, is not possible until the child has acquired spoken language, 
reaches school age, and receives formal instruction. If an appropriate form of written text is 
made available early in a child’s life, however, the current hypothesis is that reading will also 
be learned inductively and emerge naturally, with no significant negative consequences. If this 
proposal is true, it should soon be possible to create an interactive system, Technology Assisted 
Reading Acquisition, to allow children to acquire literacy naturally.

We are celebrating 125 years of The American Journal 
of Psychology (AJP), which is synonymous with the 
duration of the discipline of psychological inquiry. 
My charge was to find and discuss a few seminal ar-
ticles that set the stage for progress in our field. A 
sobering thought is whether we have actually made 
progress, and indeed we have. One of the first re-
search paradigms was centered on the introspec-
tive method, whereas research since that time has 

repeatedly revealed how fallible our introspections 
and memories actually are. Much remains to be ac-
complished, however. My favorite illustration, one 
that is relevant to this article, is education. I believe 
that psychology has yet to inform most of education 
practice. We know that a medical doctor returning 
from a century ago would be lost in current medi-
cal practice. Not so for a schoolteacher! Admittedly, 
they would have to learn to use some technology, but 
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the instruction procedures and classroom dynamics 
would be very familiar.
	 When we search back for meaningful events such 
as influential articles, we find that our extant mindset 
creates an imposing filter on what we discover. I have 
a story to tell, and I use a few historical articles from 
the archives of the AJP to embellish this tale. Given the 
rapid technological, academic, and political changes 
since the first days of AJP, it might be surprising and 
enlightening to find relevant articles that are still valu-
able today. I will focus on just two articles to begin 
my story. For those familiar with my empirical and 
theoretical work, this use of history will offer another 
bully pulpit to lobby for language learning and under-
standing as a process of pattern recognition.
	 At issue is how we come to perceive and experi-
ence meaningful events, in our case via listening and 
reading. If you asked this question at the beginning 
of psychological inquiry, you would turn to philoso-
phy. As we know only too well, psychology evolved 
mainly from philosophy and somewhat from biology. 
Wilhelm Wundt, who founded the first psychology 
laboratory, was grounded in the German philosophi-
cal tradition in which the concept apperception was 
prominent. Apperception was described by Leibniz 
and Kant and referred to the mind’s experience of its 
inner states. As in most scholarship, development of 
one idea usually emerged to contrast with another. In 
the current scenario, the combatant was the school of 
British associationism and its concept of the mind be-
ing composed of many elementary sensations. Apper-
ception imposed a unity on one’s experience and in-
volved a constructive activity of the mind rather than 
a passive reaction to environmental events. Initiating 
our empirical science, Wundt proposed experimental 
investigations of the process of apperception. Well 
before today’s popularity of brain measures, Wundt 
even speculated on an “apperception centre” in the 
forebrain that coordinated the activity of lower sen-
sory and motor centers.
	 A student of Wundt, Edward Bradford Titchener, 
brought the empirical laboratory to Cornell Univer-
sity, located in the wilds of western New York State. 
My two targeted articles were dissertations from his 
laboratory before the turn of the 20th century; the 
latter authors naturally cited the earlier author’s work, 
and their experimental subjects were existing or fu-
ture esteemed scientists of mind and behavior.

	 Walter Bowers Pillsbury devised an early and 
direct experimental test of Wundt’s assumption that 
perception depends on a preexisting structure of 
knowledge. After a prolonged discussion of apper-
ception and its relationship to other extant concepts, 
Pillsbury proposed,

The purpose of our investigation was to obtain 
definite and, if possible, quantitative results as 
regards one feature of the phenomena of as-
sociation and apperception—to determine the 
amount of change which might be made in an 
object ordinarily perceived or assimilated in a 
certain way without change in the character of 
the resultant perception or assimilation. (Pills-
bury, 1897, p. 339)

	 It should be noted that Pillsbury did not begin 
his research with an interest in reading, but his goal 
was simply to find stimulus objects in which the ap-
perceptive process could be measured. After prelimi-
nary experiments with pictures, colors, and geometric 
objects, he chose typewritten words. A word can be 
named more reliably than these other possible stim-
uli (a picture of a robin can be named robin, bird, 
or animal, and we often disagree on color names). 
(This reminds me of a walk with a naturalist when a 
tweet came from a nearby tree. Adapting the Socratic 
method, he asked, “What was that?” A preschooler 
expressed his amazement at the leader’s innocence 
and reprimanded him with, “It’s a bird.”)
	 Thus, Pillsbury’s study of apperception evolved 
into a study of word recognition in reading. The ap-
paratus was “a lantern so arranged as to project an im-
age upon a ground glass screen, with a delicate photo-
graphic shutter fixed in front of the lens to control the 
length of exposure” (Pillsbury, 1897, p. 343). Pillsbury 
made three types of changes in a letter making up the 
test word: He omitted a letter, substituted another let-
ter for it, or printed an X over it to give it a shapeless 
blur instead of the original letter. These displays were 
presented very briefly to members of the psychology 
department (including Titchener and other faculty 
members), who were then asked to report what they 
had seen. Not surprisingly, the subjects were able to 
identify the distorted words correctly, and sometimes 
they even failed to perceive anything unusual in the 
display. For example, the presentation of fashxon was 
read as fashion, foyever as forever, disal as deal, uver-
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more as evermore, and danxe as danger. According to 
the prevailing theory, the constructive apperceptive 
process, using the reader’s existing word knowledge, 
enabled a successful and perhaps an uncompromised 
perception of the presented words.
	 Pillsbury’s research along with other direct stud-
ies of reading (e.g., Cattell, 1886; Erdmann & Dodge, 
1898) revealed that the act of reading is only partially 
limited by what is being read. This generated a great 
deal of excitement in psychological and educational 
circles, and for some reason it convinced scientists 
and educators alike that word recognition did not de-
pend on the recognition of individual letters, a notion 
that still raises its ugly head periodically in various 
disguises (Elingsh, 2011). Some educators, impressed 
by these early results, began to advocate the whole-
word method of teaching reading, more marketable 
today as literature-based reading instruction. Thus 
began the controversies (dubbed the reading wars by 
Jeanne Chall, 1967) that have raged ever since around 
the proper method for teaching children to read. If 
skilled readers perceive entire words as a whole, it 
seemed reasonable that the method of teaching chil-
dren letters, spelling patterns, and spelling-to-sound 
correspondences (phonics) could only compromise 
their developing the optimal skill for deriving mean-
ing from the text.
	 It would be remiss of me not to be at least par-
tially sidetracked by this debate. As will be described 
later, readers use several sources of information or 
constraints that contribute to perception and un-
derstanding. This statement could be interpreted 
as a contemporary version of Wundt’s appercep-
tive process, as exemplified by Pillsbury’s findings. 
Of course, readers can recognize both written and 
spoken words without complete resolution of their 
components (letters and phonemes). This interpreta-
tion does not mean that all the components are not 
processed; it simply means that word recognition can 
be achieved before the processing of all the compo-
nents is finished. It would be a very foolish strategy 
indeed to instruct the child learning to read to ignore 
the middle letters just because accomplished readers 
can read a text with just the first and last letters and 
scrambled internal letters (Elingsh, 2011; see Massaro 
& Jesse, 2005, for a comprehensive analysis).
	 It is important for our story to note that psycholo-
gists intensified their study of reading, convinced that 

it held the key to a great many crucial psychological 
issues. Every reading scholar is all too familiar with 
Edmund Huey’s seminal book in 1908 and his popu-
lar quote,

To completely analyze what we do when we 
read would almost be the acme of a psycholo-
gist’s achievements, for it would be to describe 
very many of the most intricate workings of the 
human mind, as well as to unravel the tangled 
story of the most remarkable specific perfor-
mance that civilization has learned in all its his-
tory. (Huey, 1908/1968, p. 6)

	 It is important for our story to note that this 
type of enthusiasm was not generated for spoken 
language, even though an analogous finding was re-
ported in our second targeted article. William Chan-
dler Bagley (1900) published his dissertation a few 
years later in this same journal. We can speculate what 
was in Bagley’s mind when he recruited Pillsbury’s 
paradigm from reading for speech. He must have 
believed in analogous processes in these two differ-
ent domains. In both cases, language perceivers are 
requested to make sense of a degraded input. One 
comes in by eye and one by ear. I can just envision 
the early discussion between mentor and student: 
“Professor Titchener, Walter found these results in 
reading words; shouldn’t we also determine whether 
the same result occurs in listening to words?” Herr 
Professor evidently did not chide his student for pro-
posing only “incremental” questions. To quote from 
Bagley’s publication,

Above all else, this (Pillsbury’s) work upon vi-
sual perception bears overwhelming testimony 
to the significance which “context” has for the 
perception of symbols which appeal to the eye. 
It was the primary object of the present study to 
determine whether a similar condition obtains 
in the case of symbols appealing to the ear. 
(Bagley, 1900, p. 86)

	 In Bagley’s experiment, naturally spoken words 
were recorded and played back to eight members of 
the Cornell University Psychology Department on 
Edison phonograph cylinders. The words were pro-
nounced by deleting one of the consonant sounds in 
the word. Bagley expanded on Pillsbury’s study by 
evaluating the effects of context beyond that given 

speech perception and reading  •  309

AJP 125_3 text.indd   309 7/17/12   4:49 PM



by the word itself: The word was presented alone, 
with one or two related words, and at the beginning, 
middle, and end of complete sentences. This experi-
ment may have been the first systematic distortion 
of the spoken message, although people doubtless 
have been playing with the words they utter since 
they began uttering them (witness Pig Latin, for ex-
ample). The results demonstrated that subjects were 
often able to correctly recognize the distorted words, 
and the word’s context influenced performance. Cor-
rect word recognition was improved if the word was 
placed in the middle of a sentence, for example, rela-
tive to being presented alone. (See the Appendix for 
a profile of Bagley and Pillsbury.)
	 Although this journal was the leading psychologi-
cal journal of the time, this intuitive result generated 
little interest and was quickly forgotten. It was not 
used to advocate how we should speak to our chil-
dren, and it did not initiate “speech perception” wars 
of any kind. (This observation is meant to be only 
partially frivolous because it anticipates my concern 
with the lack of synergy between reading and speech 
research.) In contrast to the huge impact of early read-
ing research, speech research fell outside the domain 
of experimental psychology. Reading warranted its 
own chapter in Woodworth’s Experimental Psychol-
ogy (1938), whereas Bagley’s seminal study was not 
even cited in his handbook, and a 20th-century sur-
vey of psychology in America omitted any reference 
to speech perception (Hilgard, 1987). It also remained 
somewhat foreign during the “cognitive revolution,” 
at the end of 20th century, although the technical goal 
of automated speech recognition by machine brought 
speech perception some attention from experimental 
psychologists, linguists, and other explorers of the 
talking mind.
	 To bridge the apparent century-old gap between 
reading and speech perception, I now turn to research 
that supports analogous processes in these two do-
mains. In both experiments, bottom-up (sensory-
driven) and top-down (context-driven) sources of 
information are independently varied in a factorial 
design. The results illustrate how these two sources 
of information influence language perception in both 
reading and speech. To illustrate these analogous 
processes, I will simply describe one experiment in 
each of these domains, using the fuzzy logical model 
of perception (FLMP) as an explanatory framework 

(Massaro, 1998; Massaro et al., 2011). Several other ex-
planatory frameworks would serve a similar purpose, 
but the FLMP has been quantified to provide exact 
predictions of the experimental results of individual 
subjects. These features are still uncommon today in 
research and theory, for reasons that elude me.
	 In the FLMP (Figure 1), language processing is 
best described as a form of pattern recognition, which 
involves influences from multiple sources of informa-
tion. Understanding both spoken and written lan-
guage is constrained by a variety of auditory, visual, 
and gestural cues, as well as lexical, semantic, syntac-
tic, and pragmatic constraints. Research in a variety 
of domains and tasks supports the conclusions that 
perceivers have continuous rather than categorical 
information from each of these sources; each source 
is evaluated with respect to the degree of support for 
each alternative; each source is treated independently 
of other sources; the sources are integrated to give an 
overall degree of support for each alternative; deci-
sions are made with respect to the relative goodness 
of match among the viable alternatives; evaluation, 
integration, and decision are necessarily successive 
but overlapping stages of processing; and crosstalk 
among the sources of information is minimal, as ex-
pected from an optimal Bayesian-type process.

Reading
In this illustrative experiment, readers were asked to 
read a letter string and to identify one of its letters as c 
or e (Massaro, 1979). It is possible to gradually trans-
form a lowercase e into a c by decreasing the length of 
the horizontal bar. To the extent the bar is long, there 
is good visual information for an e and poor visual 
information for a c. Now consider the letter presented 
as the first letter in the context -oin and in the context 
-dit. Only c is admissible in the first context -oin be-
cause the sequence eoin is not a recognizable word, 
and the three consecutive vowels eoi are in general 
violation of English orthographic patterning. Only 
e is admissible in the second context -dit since cdit 
does not form a word, and the initial cluster cd is not 
an English pattern. For a skilled reader of English, the 
context -oin favors c, whereas the context -dit favors 
e. The contexts -tsa and -ast can be considered to fa-
vor neither e nor c. The first remains an inadmissible 
context whether e or c is present, and the second is 
orthographically admissible for both e and c.
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	 The experiment combined six levels of visual 
information about the critical letter with these four 
levels of orthographic context in a factorial design, 
giving a total of 24 experimental conditions. For the 
six levels of visual information, the bar length of the 
letter took on six values going from a prototypical c 
to a prototypical e. The four orthographic contexts 
were NA (neither c nor e admissible), BA (both admis-
sible), CA = (c admissible), and EA (e admissible). The 
test letter was also presented at each of the four letter 
positions in each of the four different contexts, giving 
96 unique displays. One of these displays occurred 
randomly on each trial and was presented briefly for 
30 ms, followed by a blank interval and then a masking 
stimulus after one of four intervals, which influenced 
the difficulty of the task. Subjects were told that there 
was a test letter in each display and instructed to iden-
tify it as e or c on the basis of what they saw.
	 The data points in Figure 2 present average 
performance as a function of the test letter and the 
context (pooled across letter position and masking 
interval). Both variables influenced performance in 

the expected direction, and the nature of their inter-
action is important. Although a first impression of 
this interaction might be interpreted as additive, the 
effect of context is significantly larger for the more 
ambiguous test letters in the middle of the stimulus 
continuum between c and e.
	 The lines in Figure 2 give the predictions of the 
FLMP. In producing predictions for the FLMP, it is 
necessary to estimate parameter values for the six levels 
of bottom-up information and the four orthographic 
contexts. Thus, 10 free parameters are used to predict 
the 24 independent probabilities of an e response. The 
good description of the results is apparent in Figure 
2 and the small root mean square deviation (RMSD) 
between predicted and observed values.
	 The time between the onset of the test stimulus 
and masking stimulus was also systematically varied 
at processing intervals of 35, 70, 125, and 270 ms. This 
manipulation can illuminate the time course of pro-
cessing the test letter and the context. Figure 3 shows 
the FLMP’s predictions of the amount of support 
from the test letter and the context for the test letter 
e with increases in processing time before the onset of 
the masking stimulus. As predicted, the support from 
these two sources grew at the same rate in a nega-
tively accelerated manner, reaching an asymptote at 
around 250 ms. In addition, the total support for the 

Figure 1. Schematic representation of three processes involved 

in pattern recognition, shown to precede left to right in time to 

illustrate their necessarily successive but overlapping processing. 

These processes use knowledge stored in long-term memory. Two 

information sources are represented by uppercase letters (Ai and Vj). 

The evaluation process transforms these sources of information into 

psychological values (indicated by lowercase letters ai and vj) These 

sources are then integrated to give an overall degree of support, 

sk, for each alternative k. The decision operation maps the outputs 

of integration into some response alternative, Rk. The response can 

take the form of a discrete decision or a rating of the degree to 

which the alternative is likely. After recognition is completed, feed-

back about the response allows the learning process to adjust the 

information value for each source

Figure 2. Observed (points) and fuzzy logical model of perception predicted 

(lines) probability of an e identification, P(e), as a function of the bar length of the 

test letter and the orthographic context. BA = both admissible; CA = c admissible; 

EA = e admissible; NA = neither c nor e admissible. (Results and predictions after 

Massaro, 1979)
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test letter asymptoted at a significantly higher level 
than the support for its orthographic context. This 
result is consistent with our experience of reading 
more slowly when we are proofreading a text.
	 Figure 4 gives the predicted e judgments as a func-
tion of the letter information and orthographic con-
text at each of the four processing times. The change 

in performance can be understood by the growth 
curves in Figure 3, which show more influence with 
more processing time. These predictions matched 
the results very closely, with an RMSD of .050, an 
impressive result given that the 96 independent data 
points were predicted with just 11 free parameters. 
These results were replicated in a second study using 
the letters n and h (Massaro, 1979).
	 We now turn to an experiment on speech per-
ception, which also varied bottom-up and top-down 
influences on perception.

Speech Perception
Exactly analogous to the reading experiment, a 
speech segment and its lexical context were manipu-
lated in a factorial design (Pitt, 1995). Subjects were 
asked to identify a speech segment that was varied 
between two test alternatives and embedded in one of 
two different contexts. The initial consonant segment 
was varied along six steps between /g/ and /k/, and 
the following context was either the phonemic string 
/Ift/ or /Is/. In this case, the context /Ift/ would bias 
subjects to perceive /g/ as in gift, and the context /Is/ 
would bias subjects to perceive /k/ as in kiss.
	 Given that a large number of observations were 
recorded, we were able to analyze the exact outcome 
for each of the 12 subjects. The points in Figure 5 
give the observed results, which resemble those in 
the reading experiment shown in Figure 2. Ten of the 
12 subjects were influenced by lexical context in this 
expected direction. Subject 1 gave an inverse context 
effect, and Subject 7 was not influenced by context.
	 The lines in Figure 5 give the predictions of the 
FLMP (Massaro & Oden, 1995). It is not surprising 
that each subject was differently influenced by the two 
independent variables. We each have unique genetic 
structure and life experiences, so this variability is to 
be expected. The FLMP handles this variability by 
estimating subject-specific parameter values for the 
six levels of bottom-up information and the two lexi-
cal contexts. The good description of the results is 
apparent in Figure 5 and in the small RMSD between 
predicted and observed values.
	 Subject 1’s results were the exception to the rule, 
which can highlight how top-down and bottom-up 
sources are typically combined in language percep-
tion. As can be seen in Figure 5, the other subjects 
were more likely to perceive the speech segment that 
was consistent with the word context (e.g., they were 

Figure 3. The fuzzy logical model of perception’s predictions of the amount 

of stimulus feature supporting e from the test letter level (lev) and the context 

(ctx) with increases in processing time before the onset of the masking stimulus. 

BA = both admissible; CA = c admissible; EA = e admissible; NA = neither c nor e 

admissible. (Results and predictions after Massaro, 1979)

Figure 4. The predicted probability of e judgments as a function of the let-

ter information and orthographic context at each of the four processing times. 

BA = both admissible; CA = c admissible; EA = e admissible; NA = neither c nor e 

admissible. (Results and predictions after Massaro, 1979)
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more likely to claim that /g/ was presented when the 
word ended in /Ift/ rather than /Is/). This context 
effect was larger to the extent that the bottom-up in-
formation was ambiguous, that is, in the middle range 
of the /g/–/k/ speech continuum. Subject 1 showed 
a reverse context effect, and the context effect was 
larger at the endpoints rather than in the middle of the 
/g/–/k/ continuum. The FLMP gave a very poor de-
scription of this subject’s results, yielding an RMSD 
of .066. This RMSD is five times larger than the aver-
age RMSD of .013 across the independent fits of the 
other 11 subjects. This poor fit of the deviant results 
of Subject 1 is impressive because it demonstrates in 
another way that the FLMP is not so powerful that it 
can fit any possible result, a claim that has surfaced 
several times but not gone unanswered (Massaro, 
Cohen, Campbell, & Rodriguez, 2001).

A New Proposal: Acquiring Literacy Naturally
Although we have presented only two prototypical 
results, dozens of empirical and theoretical studies 
in speech science, reading, and psycholinguistics 

support the FLMP’s critical assumption of analo-
gous processes in language processing regardless of 
its input modality (Massaro, 1975, 1987, 1994, 1998; 
Massaro & Jesse, 2005; McClelland, 2009; Movellan 
& McClelland, 2001).
	 These same processes appear to occur in many 
other languages, not just English (Bates et al., 1984; 
Massaro, 1987). The actual sources of information can 
differ dramatically in different languages, but the un-
derlying processes appear to be the same. In English 
sentence processing, for example, word order is more 
important than animacy of the constituents, whereas 
the opposite holds in Italian.
	 The processes that have been uncovered also oc-
cur in language acquisition, not just in accomplished 
language users (Fennell & Waxman, 2010; Hollich et 
al., 2000; Massaro, 1987, chapter 8). Similar to the 
FLMP, an emergentist coalition model assumes that 
children rely on multiple cues in mapping words onto 
referents (Golinkoff & Hirsh-Pasek, 2008; Hirsh-
Pasek, Golinkoff, & Hollich, 2000). The use of and 
the weight given to these cues change systematically 

Figure 5. Observed (points) and fuzzy logical model of perception predicted (lines) probability of a /g/ identification, P(G), as a function 

of the initial speech segment along the /g/–/k/ continuum and the lexical context /Ift/ or /Is/. The 12 panels correspond to 12 different sub-

jects. (Results and predictions after Massaro & Oden, 1995)
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across development. For example, infants initially rely 
mostly on perceptual cues and gradually begin to use 
a speaker’s intent and linguistic cues to determine 
word reference.
	 Although most of the supporting research for 
analogous processes involves people at least some-
what experienced in speech perception and reading, 
the findings also have implications for their initial ac-
quisition. Currently, speech perception and reading 
are acquired in very different ways. Speech perception 
is learned implicitly and unintentionally with spoken 
language experience, whereas reading is systemati-
cally taught well after much of spoken language is 
acquired. The audacious hypothesis I am proposing 
is that reading can be learned in the same manner as 
speech if appropriate print input is constantly avail-
able from an early age. This proposition challenges the 
commonly held belief that written language necessar-
ily comes after speech and requires formal instruction, 
whereas spoken language does not.
	 The broader impacts of this proposal are far 
reaching. The inability to read (illiteracy) is prevalent 
around the world and discouragingly present even in 
much of civilized society. The cost of illiteracy and 
the huge cost of formal literacy instruction are a major 
social and financial burden on societies. In addition 
to the high cost of public schooling, educational ap-
plications, toys, and other devices to teach reading 
are a huge commercial market. If this proposal is cor-
rect and it can be implemented successfully, it would 
have a vast impact on society because there would be 
no need for the many resources currently devoted to 
reading instruction.
	 This new perspective would also help redirect 
financial resources where they will have the most im-
pact. Although 90% of public educational spending 
is on children between the ages of 6 and 19 (Karoly 
et al., 1997), 90% of brain growth occurs before age 6 
(Gale, O’Callaghan, Godfrey, Law, & Martyn, 2004; 
Sakai, 2005), putatively corresponding to the stage 
most optimal for learning. Nurturing children for 
literacy before age 6 has the potential to improve the 
quality of children’s lives, especially children who 
currently reside on the wrong side of the digital di-
vide. As just one example, it is reasonable (but appar-
ently not well documented) that reading vocabulary 
and grammar is much richer than spoken language. 
I compared the occurrence of words in a corpus of 

infant-directed speech to a corpus of 32 popular pic-
ture books for children. There were about 2.4 unique 
words in the reading corpus for every unique word in 
the speech corpus. The earlier children are reading, 
the greater is the opportunity for acquiring complex 
language.
	 Developmental, behavioral, and brain sciences 
have documented critical periods in audition, vision, 
and language. These critical periods are important 
for development because the brains of young chil-
dren are especially plastic, or malleable. Deprivation 
of sensory or linguistic input during these critical 
periods can diminish neural cell growth, produce 
cell loss, and reduce the number of dendritic con-
nections between neural cells. This can result in a 
substantial deficit in the functions of sensory and 
language systems of the child (Huttenlocher, 2002; 
Mayberry, 2010). Although it has not yet been stud-
ied, it is possible that limited written input during 
early development makes learning to read more dif-
ficult than necessary.
	 My proposal implies some independence be-
tween speech perception and reading. Belanger, 
Baum, and Mayberry (in press) measured the use of 
phonological and orthographic codes in reading by 
deaf and hearing readers with different skill levels. 
They found that reading skill in deaf readers was 
not predicted by skill in phonological processing. 
Mayberry, del Giudice, and Lieberman (2011) car-
ried out a meta-analysis of the relationship between 
reading ability and phonological coding and aware-
ness skills in severely and profoundly deaf people. 
These skills predicted only 11% of the variance in 
reading proficiency in the deaf subjects. In another 
meta-analysis of beginning hearing readers, Scarbor-
ough (2005) found that early phonological skill is not 
a strong predictor of later reading ability. Although 
this is not a direct test, evidence is accumulating for 
the possibility of learning to read without speech as 
a necessary component.
	 We might envision reading as an additional lan-
guage learned in parallel with speech. Early reading 
would be of particular value for deaf children because 
they could learn written language in parallel with the 
learning of sign language or spoken language. Most 
children born deaf have hearing parents who do not 
know sign language. Early learning of a first language 
is the major determinant of learning a second lan-
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guage (Mayberry, 2007). It follows that early reading 
should facilitate the acquisition not only of spoken 
language but also of sign language. In the oral deaf 
community, deaf children are often bootstrapped into 
language via written language rather than spoken lan-
guage (Mirrielees, 1947). Anne Sullivan “talked” to 
deaf and mute Helen Keller by drawing letters on 
the palm of her hand, long before she learned spoken 
language. Early availability of written language could 
be a boon for hard of hearing and deaf children.

Infants’ Reading Ability
Because spoken language is present continuously 
from birth, speech is learned inductively. Written 
language is not usually pervasive enough in the grow-
ing child’s world in a salient form allow inductive 
learning. When it is presented, usually at the onset of 
schooling, it is in the context of directed instruction 
in learning how to read. Instruction usually takes the 
form of building phonological awareness, learning 
the alphabet, learning sight words, and sounding out 
words (National Reading Panel, 1999). However, if an 
appropriate form of written text were made available 
early in life, and continuing through the preschool 
years, reading might also be learned inductively with-
out direct instruction.
	 It is possible that children cannot learn to read 
if they cannot simultaneously write. But infants un-
derstand speech long before they produce it, and 
children would start writing earlier if they are learn-
ing to read earlier. James (2009) found evidence that 
preliterate preschool children showed greater blood 
oxygen level–dependent activation in the visual as-
sociation cortex during letter perception only after 
sensorimotor learning (printing the letters). Given the 
synergy between reading and writing, early reading 
can produce a positive feedback situation in which 
early reading can encourage early writing, which in 
turn would facilitate reading acquisition.

Vision Capabilities of Infants and Toddlers

The behavioral and neuroscience literature is a rich 
source to assess the vision capabilities of infants and 
toddlers and their perceptual development in the 
first years of life. I have documented that there is a 
substantial body of measurements and research re-
ports that provide an unambiguous conclusion that 
the visual system of infants and toddlers is capable 

of processing written language (Massaro, 2011c). In-
fants and toddlers quickly develop the fundamental 
capacities (e.g., eye movements and tracking, visual 
acuity, discriminating letter-like forms, and categoriz-
ing objects and events) necessary for reading. Some 
of the vision milestones for infants are the perception 
of color by 1 month, focusing ability at 2 months, eye 
coordination and tracking at 3 months, depth percep-
tion at 4 months, and object and face recognition at 
5 months (Beddinghaus, 2010). Infants’ visual acuity 
also improves dramatically from birth onward, reach-
ing close to adult acuity by 8 months of age (Smith-
Kettlewell, 2011). The well-documented research 
and measurement of vision development show that 
infants have the capacity to perceive appropriately 
structured text.

Capability of Infants to Learn to Read

There is no doubt that infants are sophisticated in-
formation processors and quick learners of the varied 
situations they experience. A typical experiment ha-
bituates infants to a sequence of inputs with specific 
statistical constraints and then changes it to deter-
mine whether the infants notice the change. As an 
example, 9-month-old infants learned about scenes 
that differed in the spatial juxtaposition of several 
colored geometric objects (Fiser & Aslin, 2010). A 
recent study by Téglás et al. (2011) revealed an im-
pressive ability of 12-month-old infants to form time-
varying expectations of complex displays of multiple 
moving objects. This behavior was described as be-
ing consistent with a Bayesian ideal observer em-
bodying abstract principles of object motion, which 
is consistent with the FLMP theoretical framework 
we have described.
	 Infant perception studies have used speech, mu-
sic, and two- and three-dimensional objects, but none 
of these recent studies have used letters as test stimuli. 
In addition to my intuition, there is one finding that 
infants would be equally competent with letters. It ap-
pears that some of the stimuli that have already been 
used have the same visual and optical characteristics 
as letters. Changizi (2009) analyzed the topological 
properties of the shapes of a wide range of nonpicto-
rial signs and alphabets. These topological properties 
describe the manner in which the separate lines of a 
shape intersect or join with other lines. The outcome 
indicated that only a subset of possible topographi-
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cal shapes are used, and, most impressively, these 
shapes conformed to the contours of objects found 
in our natural environments across many geographic 
settings. This analysis reveals that there is nothing 
special about letters. Our visual system evolved to 
efficiently perceive our surroundings, and it appears 
that alphabet forms evolved to replicate those same 
properties. Thus, we expect that infants would be 
able to show off their perceptual processing and 
memory skills with letters also.
	 In the speech domain, research has shown that 
infants can recognize the sound patterns of their na-
tive language within just a few days after birth and 
their own names by 4 months and perceive indi-
vidual words by 6 months (Metcalf Infant Research 
Lab, 2011). Thus, infants have the capacity to per-
ceive, process, and abstract semantic components 
that occur in language (Parish, Ma, Hirsh-Pasek, & 
Golinkoff, 2010). If an appropriate form of written 
text is continuously available during infant devel-
opment, the hypothesis is that reading acquisition 
should approximately follow the same time course 
as speech perception.
	 Most children are first instructed in learning 
to read when they begin formal schooling. In the 
last decades, however, there have been advocates 
of teaching reading well before schooling begins 
(Sanger, 2011). What is important to note, however, 
is that all these proposals accept current reading 
pedagogy and simply implement it for much youn-
ger children. Thus, even advocates of early reading 
accept, at least implicitly, that speech occurs natu-
rally and reading must be taught. The video dem-
onstrations posted on the Web have many examples 
of preschool children being taught to read and suc-
ceeding in recognizing, remembering, sounding 
out individual words and phrases. Scrutiny of these 
demonstrations reveals that the reading behavior 
of these young children matches that of children in 
school. For example, deliberate word-by-word read-
ing occurs early in the trajectory of school children 
when they are learning to read.
	 Language proficiency is critical for learning to 
read, and I am not proposing that simply having 
written language in the child’s world preempts its 
importance. In a meta-analysis, Mayberry et al. (2011) 
found that language ability predicted 35% of the vari-
ance in reading proficiency. As concluded by the 

authors, “These meta-analytic results indicate that 
PCA (phonological coding and awareness) skills are 
a low to moderate predictor of reading achievement 
in deaf individuals and that other factors, most no-
tably language competence such as vocabulary size, 
have a greater influence on reading development, as 
has been found to be the case in the hearing popula-
tion” (p. 164). Very early language development ap-
pears to be especially critical because competence 
measures at ages 3 and 4 predict later reading skill as 
well as these measures taken at age 5 (Scarborough, 
2001, 2005). In addition, early language skills predict 
phonological awareness when school begins as well 
as direct measures of phonological awareness (Scar-
borough, 2005).
	 Some professionals might question whether a 
toddler can negotiate written language simultaneous-
ly with his or her typical social interactions. Spoken 
language is easier in this regard because the child 
can attend to an object or event while simultaneously 
hearing language. Written language requires the child 
to pay consecutive attention to the event and to the 
written language. Written language can be learned like 
sign language in which caregivers will either attract 
the child’s attention to the sign or simply sign in front 
of the object or event that the child is attending to (Li-
eberman, Hatrak, & Mayberry, 2011). The caregiver 
illustrates how toast is buttered and then attracts the 
child’s attention to her depiction of the event in sign 
language. If the child is learning to read naturally, the 
caregiver–child interaction will involve consecutive 
attention to what is meaningful in the exchange and 
the written language.
	 It is possible that early introduction of written 
language will reduce the occurrence of reading dis-
abilities to the level of spoken language disabilities. 
Given the assumed comparability between speech 
perception and reading processes, early literacy in 
reading would make it comparable to competence in 
speech understanding.
	 We reviewed fairly convincing evidence indicating 
that young preliterate children have a visual system 
that is mature enough to accurately track, discrimi-
nate, and categorize written language, and therefore 
they should be able to learn to read. Even if the child 
is capable, providing the appropriate written input is 
more challenging. Ideally, we need an environment 
that enables a child to learn to read naturally, with-
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out intention, and with no negative consequences. I 
have proposed a method and system that would elu-
cidate the meaning of a child’s experience and display 
this meaning in written language appropriate to the 
child’s reading skill (Massaro, 2011a).
	 One possible instantiation of this system is shown 
in Figure 6. It uses automated speech recognition of 
the caregiver’s speech to infer the child’s experience, 
which can then be described in written form that the 
child sees (Massaro, 2011b). A second possibility is 
to implement object, scene, and action recognition 
to determine what is most meaningful to the child 
at a given instant and to present it in written form. 
Admittedly, these technologies are not quite ready for 
primetime, but it is my firm belief that they are nearly 
good enough to make written language pervasive dur-
ing a child’s early exposure to language. My vision 
is an interactive system, technology assisted reading 
acquisition (TARA), to allow children to acquire lit-
eracy naturally.

Retrospective
We began this journey with a discussion of two in-
novative research articles, which envisioned the ap-
perceptive process as common to both speech per-
ception and reading. We modernized this process 
within the framework of the FLMP by conceptual-
izing both speech perception and reading as pattern 
recognition. However, the study of speech and read-
ing split off into different subdisciplines that pro-
longed behavioral science’s study of their similarity 
and the resulting potential for applications. Thus 
research and education have not considered the 
proposition advocated here. If indeed it is correct, 
we should be able to create an environment for the 
developing child whereby written text is constantly 
available so that learning to read occurs automati-
cally, without intention, without direct instruction, 
and with no negative consequences. Implementing 
this goal challenges and seeks to shift current re-
search and clinical practice paradigms and would 

Figure 6. Four scenes of a caregiver interacting with a 19-month-old boy who is playing with a Lego man. The caregiver might say, “You 

have a toy man” or “This is a man.” This speech is recognized by a speech recognition system implemented on an iPad, and an edited writ-

ten form “MAN” is shown on its screen. Like sign language, shared attention has to be negotiated between looking at the written word and 

processing the signified event
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solve a previously believed unsolvable problem of a 
guaranteed method of learning to read.

Note

I was not able to adequately address many of the issues 
mentioned in this article, and the reader should refer to my 
research papers at http://mambo.ucsc.edu/people/dominic 
-massaro.html. Applications related to learning to read natu-
rally are described at http://www.earlyread.org/ and http://
psyentificmind.com/read-with-me-2. Correspondence should 
be addressed to massaro@ucsc.edu.
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Appendix.  
Career Paths of Pillsbury and Bagley

Pillsbury and Bagley did not initiate careers cen-
tered on their PhD research. By today’s standards, 
either of their dissertations would have set the stage 
for many years of follow-up questions and experi-
mental investigations. However, Pillsbury pub-
lished his dissertation research in a French book 
called L’Attention, with the English version fol-
lowing 2 years later. He was able to take the elusive 
concept apperception and describe it in terms of a 
familiar concept (“everyone knows what attention 
is,” as described by William James, 1890). Pillsbury 
took a faculty position at the University of Michi-
gan, being an active and productive member for 
63 years. During this same impressive period, he 
was also active as a member of the editorial board 
of this journal. At Michigan, he established an ex-
perimental psychology laboratory (although he was 
in the philosophy department for many years) and 
nurtured many advanced students) (Miles, 1964).

William Chandler Bagley

	 Bagley took a somewhat different path. He 
trained teachers, was a school superintendent, and 
settled in at Teachers College, Columbia Univer-
sity, founding a teacher education department. He 
lectured and wrote many books for teacher train-
ing, and indeed it was training, given his authori-
tarian view of education. His model was a principal 
issuing orders to the teachers, who enforced tasks 
for students, who would obtain skills and knowl-
edge. Although conservative, he advocated educa-
tional foundations based on scientific principles. 
He cofounded the Journal of Educational Psychol-
ogy in 1910 and remained active in teaching stu-
dents and collaborating with colleagues (Kandel, 
1961; New World Encyclopedia, 2011). During this 
long career, Bagley authored and coauthored more 
than 30 books and 400 articles (all without a word 
processor).

Walter Bowers Pillsbury
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